
SM Table 1a. EPMA data for magnetite (wt%) given as means for individual samples and summary statistics for the total population (FF slag)

	
	FF21-A
	FF21-B
	FF21-2
	FF21-3A
	FF21-3B
	ALL ANALYSES

	
	Mean
	Mean
	Mean
	Mean
	Mean
	Mean
	S.D.
	Max.
	Min.

	
	n=23
	n=141
	n=55
	n=22
	n=27
	n=222
	
	
	

	SiO2
	0.06
	0.03
	0.04
	0.05
	0.04
	0.05
	0.013
	0.06
	0.03

	TiO2
	0.06
	0.10
	0.05
	0.04
	0.04
	0.06
	0.025
	0.10
	0.04

	Al2O3
	1.80
	1.32
	1.09
	0.93
	0.91
	1.21
	0.368
	1.80
	0.91

	Cr2O3
	0.01
	0.01
	0.07
	0.06
	0.13
	0.06
	0.048
	0.13
	0.01

	V2O3
	0.00
	0.46
	0.00
	0.00
	0.00
	0.09
	0.207
	0.46
	0.00

	Fe2O3
	65.18
	65.98
	67.11
	65.57
	66.23
	66.01
	0.733
	67.11
	65.18

	FeO
	30.05
	29.99
	29.86
	29.55
	29.70
	29.83
	0.207
	30.05
	29.55

	MgO
	0.29
	0.35
	0.35
	0.33
	0.43
	0.35
	0.049
	0.43
	0.29

	CoO
	0.54
	0.54
	0.56
	0.52
	0.55
	0.54
	0.015
	0.56
	0.52

	Total
	98.01
	98.78
	99.37
	97.06
	98.03
	98.25
	0.876
	99.37
	97.06

	Calculated formula (O=24 apfu)

	Si
	0.020
	0.011
	0.01
	0.017
	0.01
	0.014
	0.004
	0.02
	0.01

	Ti
	0.014
	0.030
	0.01
	0.009
	0.01
	0.015
	0.009
	0.03
	0.01

	Sum (4+)
	
	
	
	
	
	
	
	
	

	Al
	0.660
	0.479
	0.39
	0.347
	0.34
	0.443
	0.134
	0.66
	0.34

	Cr
	0.003
	0.003
	0.02
	0.014
	0.03
	0.014
	0.012
	0.03
	0.00

	V
	0.001
	0.47
	0.00
	0.001
	0.00
	0.094
	0.210
	0.47
	0.00

	Fe3+
	15.27
	15.35
	15.54
	15.58
	15.59
	15.47
	0.149
	15.59
	15.27

	Sum (3+)
	15.93
	15.83
	15.95
	15.95
	15.96
	15.92
	0.053
	15.96
	15.83

	Fe2+
	7.82
	7.75
	7.68
	7.80
	7.77
	7.77
	0.054
	7.82
	7.68

	Mg
	0.135
	0.163
	0.16
	0.158
	0.20
	0.163
	0.023
	0.20
	0.14

	Co
	0.136
	0.136
	0.14
	0.133
	0.14
	0.136
	0.003
	0.14
	0.13

	Sum (2+)
	8.09
	8.05
	7.98
	8.10
	8.11
	8.07
	0.051
	8.11
	7.98

	Total
	24.000
	24.000
	24.000
	24.000
	24.000
	24.000
	0.000
	24.000
	24.000



[bookmark: _Hlk188804071]Note: The data in this table are mean concentrations. In some cases, these means are of datasets in which concentration values are both above and below the respective minimum detection limit values. Taking the <mdl values as zero, the resultant mean is thus less than the mdl given in the text.


SM Table 1b. EPMA data for magnetite (wt%) given as means for individual samples and summary statistics for the total population (EF slag)

	
	EF21-B
	EF21-C
	EF21-3A
	EF21-3B
	EF21-4B
	EF21-5
	ALL ANALYSES

	
	Mean
	Mean
	Mean
	Mean
	Mean
	Mean
	Mean
	S.D.
	Max.
	Min.

	
	n=20
	n=91
	n=11
	n=6
	n=73
	n=45
	n=246
	
	
	

	SiO2
	0.451
	0.431
	0.565
	0.589
	0.905
	0.341
	0.547
	0.197
	0.905
	0.341

	TiO2
	0.460
	0.443
	0.337
	0.340
	0.309
	0.234
	0.354
	0.085
	0.460
	0.234

	Al2O3
	3.577
	3.316
	2.393
	2.407
	2.188
	2.165
	2.674
	0.612
	3.577
	2.165

	V2O3
	0.002
	0.004
	0.006
	0.006
	0.006
	0.004
	0.005
	0.002
	0.006
	0.002

	Fe2O3
	61.795
	62.236
	63.902
	64.318
	63.391
	63.215
	63.143
	0.966
	64.318
	61.795

	FeO
	31.790
	31.611
	31.976
	32.202
	32.332
	32.503
	32.069
	0.338
	32.503
	31.611

	MgO
	0.036
	0.043
	0.037
	0.038
	0.043
	0.991
	0.198
	0.388
	0.991
	0.036

	CoO
	0.288
	0.308
	0.392
	0.405
	0.406
	0.448
	0.375
	0.063
	0.448
	0.288

	Total
	98.399
	98.392
	99.609
	100.305
	99.580
	96.997
	98.880
	1.189
	100.305
	96.997

	Calculated formula (O=24 apfu)

	Si
	0.138
	0.132
	0.172
	0.178
	0.273
	0.104
	0.166
	0.059
	0.273
	0.104

	Ti
	0.106
	0.102
	0.077
	0.077
	0.071
	0.053
	0.081
	0.020
	0.106
	0.053

	Sum (4+)
	0.244
	0.226
	0.249
	0.255
	0.339
	0.157
	0.245
	0.059
	0.339
	0.157

	Al
	1.289
	1.200
	0.858
	0.858
	0.786
	0.775
	0.961
	0.224
	1.289
	0.775

	V
	0.000
	0.001
	0.001
	0.002
	0.001
	0.001
	0.001
	0.000
	0.002
	0.000

	Fe3+
	14.215
	14.349
	14.637
	14.630
	14.517
	14.894
	14.540
	0.239
	14.894
	14.215

	Sum (3+)
	15.504
	15.038
	15.497
	15.489
	15.095
	15.670
	15.382
	0.254
	15.670
	15.038

	Fe2+
	8.127
	8.100
	8.140
	8.140
	8.225
	8.012
	8.124
	0.069
	8.225
	8.012

	Mg
	0.017
	0.020
	0.017
	0.017
	0.020
	0.032
	0.020
	0.006
	0.032
	0.017

	Co
	0.071
	0.076
	0.096
	0.098
	0.099
	0.113
	0.092
	0.016
	0.113
	0.071

	Sum (2+)
	8.214
	7.925
	8.252
	8.255
	8.229
	8.156
	8.172
	0.126
	8.255
	7.925

	Total
	24.000
	24.000
	24.000
	24.000
	24.000
	24.000
	24.000
	0.000
	24.000
	24.000


Note: The data in this table are mean concentrations. In some cases, these means are of datasets in which concentration values are both above and below the respective minimum detection limit values. Taking the <mdl values as zero, the resultant mean is thus less than the mdl given in the text.									

SM Table 1c. EPMA data for fayalite (wt%) given as means for individual samples and summary statistics for the total population (EF slag)

	
	EF21-3B
	EF21-3A
	EF21-B
	FF21-4B
	EF21-5
	EF21-C
	
	ALL ANALYSES

	
	Mean
	Mean
	Mean
	Mean
	Mean
	Mean
	
	Mean
	S.D.
	Max.
	Min.

	
	n=6
	n=11
	n=116
	n=67
	n=2
	n=33
	
	n=235
	
	
	

	SiO2
	28.481
	28.456
	28.891
	28.932
	28.621
	28.719
	SiO2
	28.684
	0.201
	28.932
	28.456

	TiO2
	0.000
	0.003
	0.002
	0.001
	0.000
	0.003
	TiO2
	0.001
	0.001
	0.003
	0.000

	Al2O3
	0.044
	0.070
	0.230
	0.064
	0.045
	0.069
	Al2O3
	0.087
	0.071
	0.230
	0.044

	FeO
	68.230
	67.568
	67.672
	69.478
	68.549
	68.619
	FeO
	68.353
	0.703
	69.478
	67.568

	MnO
	0.007
	0.008
	0.003
	0.004
	0.000
	0.008
	MnO
	0.005
	0.003
	0.008
	0.000

	MgO
	0.419
	0.465
	0.347
	0.409
	0.378
	0.456
	MgO
	0.412
	0.045
	0.465
	0.347

	NiO
	0.000
	0.000
	0.001
	0.003
	0.000
	0.000
	NiO
	0.001
	0.001
	0.003
	0.000

	CaO
	0.116
	0.126
	0.174
	0.096
	0.144
	0.133
	CaO
	0.132
	0.027
	0.174
	0.096

	P2O5
	0.161
	0.198
	0.215
	0.154
	0.054
	0.198
	P2O5
	0.163
	0.058
	0.215
	0.054

	CoO
	0.483
	0.475
	0.440
	0.578
	0.491
	0.491
	CoO
	0.493
	0.046
	0.578
	0.440

	V2O3
	0.000
	0.003
	0.005
	0.004
	0.000
	0.005
	V2O3
	0.003
	0.002
	0.005
	0.000

	Cu2O
	0.038
	0.053
	0.045
	0.107
	0.051
	0.074
	Cu2O
	0.061
	0.025
	0.107
	0.038

	ZnO
	0.000
	0.005
	0.016
	0.023
	0.000
	0.017
	ZnO
	0.010
	0.010
	0.023
	0.000

	Na2O
	0.138
	0.031
	0.062
	0.039
	0.106
	0.069
	Na2O
	0.074
	0.041
	0.138
	0.031

	Total
	98.117
	97.461
	98.103
	99.892
	98.439
	98.862
	Total
	98.479
	0.831
	99.892
	97.461

	apfu (Fe,Mg)2SiO4
	apfu (Fe,Mg)2SiO4
	apfu (Fe,Mg) 2SiO4

	Si
	0.993
	0.998
	1.002
	0.991
	0.987
	0.994
	Si
	0.994
	0.005
	Si
	0.993

	Ti
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	Ti
	0.000
	0.000
	Ti
	0.000

	P
	0.005
	0.005
	0.006
	0.004
	0.006
	0.006
	P
	0.005
	0.001
	P
	0.005

	Σ (4+, 5+)
	0.998
	1.003
	1.000
	0.966
	0.992
	1.000
	Σ (4+, 5+)
	0.993
	0.014
	Σ (4+, 5+)
	0.998

	Al
	0.002
	0.003
	0.009
	0.003
	0.002
	0.003
	Al
	0.004
	0.003
	Al
	0.002

	V
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	V
	0.000
	0.000
	V
	0.000

	Σ (3+)
	0.002
	0.003
	0.010
	0.003
	0.003
	0.004
	Σ (3+)
	0.004
	0.003
	Σ (3+)
	0.002

	Fe
	1.989
	1.976
	1.963
	1.992
	1.994
	1.983
	Fe
	1.983
	0.012
	Fe
	1.989

	Mn
	0.000
	0.000
	0.000
	0.000
	0.001
	0.000
	Mn
	0.000
	0.000
	Mn
	0.000

	Mg
	0.022
	0.025
	0.018
	0.021
	0.028
	0.024
	Mg
	0.023
	0.003
	Mg
	0.022

	Ca
	0.004
	0.005
	0.006
	0.003
	0.005
	0.005
	Ca
	0.005
	0.001
	Ca
	0.004

	Co
	0.014
	0.013
	0.012
	0.016
	0.015
	0.014
	Co
	0.014
	0.001
	Co
	0.014

	Zn
	0.000
	0.000
	0.000
	0.001
	0.000
	0.000
	Zn
	0.000
	0.000
	Zn
	0.000

	Σ (2+)
	2.029
	2.019
	1.983
	1.972
	2.042
	2.027
	Σ (2+)
	2.012
	0.028
	Σ (2+)
	2.029

	Cu
	0.001
	0.002
	0.001
	0.003
	0.002
	0.002
	Cu
	0.002
	0.001
	Cu
	0.001

	Na
	0.009
	0.002
	0.004
	0.003
	0.005
	0.004
	Na
	0.005
	0.003
	Na
	0.009

	Σ (1+)
	0.010
	0.004
	0.006
	0.006
	0.007
	0.006
	Σ (1+)
	0.006
	0.002
	Σ (1+)
	0.010

	Total
	3.039
	3.028
	2.998
	2.947
	3.045
	3.037
	Total
	3.016
	0.038
	Total
	3.039



Note: The data in this table are mean concentrations. In some cases, these means are of datasets in which concentration values are both above and below the respective minimum detection limit values. Taking the <mdl values as zero, the resultant mean is thus less than the mdl given in the text.
SM Table 1d. Summary statistics for EPMA data (wt%) for Glass 1 (FF slag)

	
	Mean
	Min.
	Max.
	S.D.

	
	(n=6)
	
	
	

	SiO2
	41.52
	39.61
	43.42
	2.70

	Fe2O3
	14.25
	11.60
	16.89
	3.74

	Al2O3
	5.02
	4.61
	5.43
	0.58

	CaO
	8.02
	5.03
	11.01
	4.23

	BaO
	1.83
	1.60
	2.06
	0.33

	K2O
	0.44
	0.42
	0.46
	0.03

	P2O5
	4.17
	0.80
	7.53
	4.76

	La2O3
	2.26
	1.71
	2.82
	0.78

	Ce2O3
	3.14
	2.32
	3.96
	1.16

	UO2
	0.53
	0.51
	0.54
	0.02

	PbO
	0.55
	0.48
	0.61
	0.09

	ThO2
	0.01
	0.01
	0.01
	0.00

	TiO2
	0.02
	0.02
	0.03
	0.00

	Na2O
	0.18
	0.15
	0.22
	0.05

	CoO
	0.09
	0.08
	0.11
	0.02

	Cu2O
	12.67
	9.88
	15.46
	3.95

	ZrO2
	0.08
	0.07
	0.09
	0.01

	Nb2O5
	0.16
	0.16
	0.17
	0.01

	V2O3
	0.02
	0.01
	0.02
	0.01

	MnO
	0.01
	0.01
	0.01
	0.00

	MgO
	0.89
	0.66
	1.13
	0.33

	ZnO
	0.08
	0.07
	0.08
	0.00

	Cl
	0.10
	0.09
	0.11
	0.01

	F
	0.13
	0.10
	0.16
	0.05

	TOTAL
	96.09
	96.07
	96.12
	0.04



Note: The data in this table are mean concentrations. In some cases, these means are of datasets in which concentration values are both above and below the respective minimum detection limit values. Taking the <mdl values as zero, the resultant mean is thus less than the mdl given in the text.


SM Table 1e. Summary statistics for EPMA data (wt%) for Glass 2 (FF slag)

	
	Mean
	Min.
	Max.
	S.D.

	
	(n=43)
	
	
	

	SiO2
	70.43
	65.33
	75.80
	4.41

	Fe2O3
	7.48
	5.56
	9.93
	1.63

	Al2O3
	5.87
	4.49
	7.00
	1.23

	CaO
	2.56
	1.87
	3.47
	0.66

	BaO
	1.32
	1.20
	1.40
	0.08

	K2O
	1.33
	0.98
	1.81
	0.30

	P2O5
	0.18
	0.06
	0.39
	0.13

	La2O3
	0.25
	0.07
	0.56
	0.17

	Ce2O3
	0.36
	0.12
	0.80
	0.25

	UO2
	0.07
	0.00
	0.19
	0.08

	PbO
	0.32
	0.24
	0.43
	0.08

	ThO2
	0.00
	0.00
	0.00
	0.00

	TiO2
	0.03
	0.02
	0.06
	0.02

	Na2O
	0.37
	0.24
	0.53
	0.11

	CoO
	0.04
	0.02
	0.06
	0.02

	Cu2O
	7.50
	4.61
	11.20
	2.48

	ZrO2
	0.01
	0.00
	0.04
	0.01

	Nb2O5
	0.01
	0.00
	0.03
	0.01

	V2O3
	0.01
	0.00
	0.03
	0.01

	MnO
	0.00
	0.00
	0.01
	0.00

	MgO
	0.18
	0.10
	0.26
	0.07

	ZnO
	0.01
	0.00
	0.03
	0.01

	Cl
	0.04
	0.01
	0.09
	0.03

	F
	0.03
	0.01
	0.05
	0.01

	TOTAL
	98.45
	96.87
	99.52
	0.97


Note: The data in this table are mean concentrations. In some cases, these means are of datasets in which concentration values are both above and below the respective minimum detection limit values. Taking the <mdl values as zero, the resultant mean is thus less than the mdl given in the text.


SM Table 1f. Summary statistics for EPMA data (wt%) for Glass 1 (EF slag)

	
	Mean
	Min.
	Max.
	S.D.

	
	(n=58)
	
	
	

	SiO2
	45.97
	41.99
	48.40
	2.17

	Fe2O3
	19.82
	17.82
	21.49
	1.37

	Al2O3
	10.98
	10.11
	11.93
	0.65

	CaO
	6.30
	4.74
	8.74
	1.72

	BaO
	3.54
	2.61
	4.12
	0.43

	K2O
	1.81
	0.84
	3.01
	0.88

	P2O5
	2.20
	1.77
	3.01
	0.49

	La2O3
	1.79
	1.30
	2.45
	0.37

	Ce2O3
	2.73
	1.75
	3.77
	0.69

	UO2
	0.60
	0.32
	1.29
	0.33

	PbO
	0.50
	0.35
	0.76
	0.16

	ThO2
	0.03
	0.00
	0.10
	0.03

	TiO2
	0.14
	0.02
	0.29
	0.08

	Na2O
	0.32
	0.17
	0.49
	0.13

	CoO
	0.07
	0.05
	0.11
	0.02

	Cu2O
	0.15
	0.06
	0.36
	0.09

	ZrO2
	0.12
	0.09
	0.21
	0.04

	Nb2O5
	0.15
	0.08
	0.27
	0.07

	V2O3
	0.01
	0.00
	0.03
	0.01

	MnO
	0.01
	0.00
	0.02
	0.01

	MgO
	0.04
	0.00
	0.15
	0.05

	ZnO
	0.07
	0.01
	0.16
	0.05

	Cl
	0.03
	0.02
	0.09
	0.02

	F
	0.06
	0.01
	0.13
	0.05

	TOTAL
	97.45
	96.46
	100.27
	1.18


Note: The data in this table are mean concentrations. In some cases, these means are of datasets in which concentration values are both above and below the respective minimum detection limit values. Taking the <mdl values as zero, the resultant mean is thus less than the mdl given in the text.



SM Table 1g. Summary statistics for EPMA data (wt%) for Glass 2 (EF slag)

	
	Mean
	Min.
	Max.
	S.D.

	
	(n=62)
	
	
	

	SiO2
	69.04
	60.61
	73.18
	4.60

	Fe2O3
	12.61
	10.19
	14.93
	1.69

	Al2O3
	8.35
	7.10
	10.25
	1.21

	CaO
	1.73
	0.98
	3.33
	0.71

	BaO
	2.08
	1.44
	3.12
	0.52

	K2O
	3.85
	3.26
	4.69
	0.50

	P2O5
	0.20
	0.05
	0.59
	0.20

	La2O3
	0.17
	0.03
	0.48
	0.15

	Ce2O3
	0.28
	0.09
	0.74
	0.23

	UO2
	0.03
	0.00
	0.13
	0.04

	PbO
	0.21
	0.10
	0.28
	0.05

	ThO2
	0.00
	0.00
	0.01
	0.00

	TiO2
	0.01
	0.01
	0.02
	0.01

	Na2O
	0.51
	0.36
	0.75
	0.11

	CoO
	0.04
	0.03
	0.06
	0.01

	Cu2O
	0.19
	0.00
	1.08
	0.32

	ZrO2
	0.01
	0.00
	0.02
	0.01

	Nb2O5
	0.00
	0.00
	0.01
	0.01

	V2O3
	0.01
	0.00
	0.01
	0.00

	MnO
	0.00
	0.00
	0.01
	0.01

	MgO
	0.04
	0.00
	0.09
	0.03

	ZnO
	0.01
	0.00
	0.03
	0.01

	Cl
	0.01
	0.00
	0.11
	0.04

	F
	0.03
	0.00
	0.06
	0.02

	TOTAL
	99.47
	98.01
	100.72
	1.02


[bookmark: _GoBack]Note: The data in this table are mean concentrations. In some cases, these means are of datasets in which concentration values are both above and below the respective minimum detection limit values. Taking the <mdl values as zero, the resultant mean is thus less than the mdl given in the text.


SM Table 2. STEM-EDS analysis of monazite (n=24, wt%, normalised) and apatite

	
	Monazite
	Apatite

	
	Mean
	S.D.
	Min.
	Max.
	

	P2O5
	28.77
	4.20
	22.99
	36.30
	42.25

	CaO
	1.59
	0.60
	0.67
	3.82
	57.22

	La2O3
	20.9
	1.4
	18.2
	22.6
	<mdl

	Ce2O3
	36.12
	1.5
	32.35
	37.60
	0.18

	Nd2O3
	7.20
	0.9
	5.39
	9.34
	

	Y2O3
	
	
	
	
	0.02

	PbO
	1.03
	0.41
	0.49
	2.09
	

	ThO2
	0.99
	0.46
	0.45
	2.14
	

	UO2
	3.4
	2.7
	0.31
	7.6
	

	F
	
	
	
	
	4.83

	Cl
	
	
	
	
	0.17

	Total
	100.00
	0.01
	99.98
	100.02
	

	Formula calculation (cations only)
	

	Ca
	0.04
	0.13
	0.07
	0.03
	5.157

	La
	0.33
	0.27
	0.31
	0.04
	-

	Ce
	0.59
	0.44
	0.53
	0.05
	0.006

	Nd
	0.10
	0.11
	0.10
	0.01
	

	Y
	
	
	
	
	0.001

	Pb
	0.01
	0.02
	0.01
	0.01
	

	Th
	0.01
	0.02
	0.01
	0.00
	

	U
	0.00
	0.05
	0.03
	0.03
	

	ΣREY
	1.02
	0.82
	0.94
	0.08
	

	P
	0.97
	0.99
	0.97
	0.08
	

	mol % end-members
	

	% Monazite-La
	32.73
	32.77
	32.78
	2.11
	

	% Monazite-Ce
	57.87
	54.12
	56.28
	1.17
	

	% Monazite-Nd
	9.40
	13.11
	10.94
	1.17
	




