Table S1. Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.
	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	21 12
	22 12
	23 12
	24 12
	25 12
	26 12
	27 12
	28 12
	29 12
	30 12
	31 12
	32 12
	33 12
	34 12

	Grain 
	
	Nb3-1
	Nb3-1
	Nb3-1
	Nb3-1
	Nb3-1
	Nb-3-3
	Nb-3-3
	Nb-3-3
	Nb-3-3
	Nb-3-3
	Nb3-4
	Nb3-4
	Nb3-5
	Nb3-5

	EDS Spot
	
	1
	3
	2
	7
	7
	1
	3
	4
	4
	4
	2
	3
	1
	2

	Position
	
	c
	m
	r
	or
	or
	c
	r
	r
	r
	r
	c
	r
	c
	r

	SiO2
	40.03
	40.07
	40.12
	40.04
	40.85
	40.92
	40.16
	40.20
	40.31
	40.29
	40.13
	40.16
	40.32
	40.43
	40.43

	TiO2
	
	0.15
	0.45
	0.31
	3.96
	4.05
	0.66
	0.62
	0.81
	0.69
	0.80
	0.61
	1.16
	1.25
	1.25

	ZrO2
	
	0.26
	0.50
	0.32
	0.19
	0.35
	0.31
	0.27
	0.41
	0.56
	0.38
	0.18
	0.47
	0.82
	0.95

	Nb2O5
	44.28
	43.81
	43.08
	43.48
	38.43
	38.20
	42.97
	43.15
	42.78
	42.80
	42.70
	43.19
	42.11
	41.74
	41.59

	Na2O
	
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.03
	0.00
	0.02
	0.03
	0.02
	0.02

	K2O
	15.69
	15.71
	15.66
	15.70
	16.00
	16.03
	15.73
	15.75
	15.75
	15.73
	15.73
	15.70
	15.75
	15.81
	15.82

	H2O
	
	 
	
	
	
	 
	
	
	
	
	
	
	
	
	

	F
	
	0.15
	0.33
	0.14
	0.84
	0.91
	0.25
	0.29
	0.33
	0.23
	0.27
	0.19
	0.28
	0.41
	0.45

	Sum
	0.00
	100.15
	100.16
	99.98
	100.27
	100.46
	100.08
	100.28
	100.42
	100.32
	100.01
	100.05
	100.12
	100.48
	100.51

	O-F2
	0.00
	0.06
	0.14
	0.06
	0.35
	0.38
	0.11
	0.12
	0.14
	0.10
	0.11
	0.08
	0.12
	0.17
	0.19

	Sum
	100.00
	100.09
	100.03
	99.92
	99.91
	100.07
	99.98
	100.16
	100.28
	100.23
	99.90
	99.97
	100.00
	100.31
	100.32

	Formula based on 8 cations
	 
	
	
	
	 
	
	
	
	
	
	
	
	
	

	Si
	4.000
	3.999
	4.001
	3.999
	4.000
	3.999
	4.001
	4.000
	4.001
	4.001
	3.999
	4.001
	4.001
	4.001
	4.000

	
	
	 
	
	
	
	 
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.011
	0.033
	0.023
	0.292
	0.298
	0.049
	0.046
	0.060
	0.051
	0.060
	0.046
	0.087
	0.093
	0.093

	Zr
	0.000
	0.013
	0.024
	0.015
	0.009
	0.016
	0.015
	0.013
	0.020
	0.027
	0.018
	0.009
	0.023
	0.039
	0.046

	Nb
	2.000
	1.977
	1.942
	1.963
	1.701
	1.688
	1.935
	1.941
	1.919
	1.922
	1.923
	1.945
	1.889
	1.867
	1.860

	Sum
	2.000
	2.001
	2.000
	2.001
	2.002
	2.002
	2.000
	2.001
	2.000
	2.000
	2.002
	2.000
	1.999
	2.000
	1.999

	Na
	0.000
	0.000
	0.006
	0.000
	0.000
	0.000
	0.000
	0.000
	0.006
	0.006
	0.000
	0.004
	0.006
	0.004
	0.004

	K
	2.000
	2.000
	1.993
	2.000
	1.999
	1.999
	1.999
	1.999
	1.994
	1.993
	1.999
	1.995
	1.994
	1.996
	1.997

	Sum
	2.000
	2.000
	1.998
	2.000
	1.999
	1.999
	1.999
	1.999
	2.000
	1.999
	1.999
	1.999
	2.000
	2.000
	2.001

	H
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	F
	0.000
	0.049
	0.103
	0.044
	0.260
	0.281
	0.079
	0.091
	0.104
	0.072
	0.085
	0.060
	0.088
	0.128
	0.141

	End-members, mol.%
	 
	
	
	
	 
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.99
	0.97
	0.98
	0.85
	0.84
	0.97
	0.97
	0.96
	0.96
	0.96
	0.97
	0.95
	0.93
	0.93

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.01
	0.03
	0.02
	0.15
	0.16
	0.03
	0.03
	0.04
	0.04
	0.04
	0.03
	0.05
	0.07
	0.07


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	35 12
	36 12
	37 12
	38 12
	39 12
	40 12
	41 12
	42 12
	43 12
	44 12
	45 12
	46 12
	47 12
	48 12
	49 12

	Grain 
	
	Nb3-9
	Nb3-9
	Nb3-10
	Nb3-11-12
	Nb3-11-12
	Nb3-11-12
	Nb3-13
	Nb3-13
	Nb3-13
	Nb3-13
	Nb3-14
	Nb3-14
	Nb3-14
	Nb3-15
	Nb3-15

	EDS Spot
	
	2
	3
	new
	1
	2
	3
	1
	2
	3
	new
	1
	2
	3
	1
	2

	Position
	
	c
	r
	c
	c
	r
	c
	r
	c
	r
	or
	c
	m
	r
	c
	r

	SiO2
	40.03
	40.29
	40.24
	40.26
	40.15
	40.24
	40.24
	40.06
	40.25
	40.20
	40.34
	40.28
	40.16
	40.44
	40.22
	40.22

	TiO2
	
	0.66
	0.92
	0.76
	0.22
	0.84
	0.76
	0.23
	0.45
	0.96
	1.39
	0.59
	0.52
	1.93
	0.85
	0.66

	ZrO2
	
	0.36
	0.18
	0.49
	0.65
	0.99
	0.13
	0.12
	0.42
	0.51
	0.96
	0.28
	0.07
	0.14
	0.28
	0.70

	Nb2O5
	44.28
	42.87
	42.74
	42.71
	43.33
	41.99
	43.12
	43.75
	43.30
	42.33
	41.29
	43.30
	43.46
	41.40
	42.75
	42.58

	Na2O
	
	0.02
	0.02
	0.00
	0.02
	0.02
	0.00
	0.00
	0.03
	0.03
	0.00
	0.02
	0.02
	0.00
	0.03
	0.02

	K2O
	15.69
	15.75
	15.74
	15.78
	15.70
	15.74
	15.78
	15.70
	15.74
	15.70
	15.80
	15.75
	15.70
	15.84
	15.72
	15.73

	H2O
	
	
	
	
	
	
	
	
	 
	
	 
	
	
	
	
	

	F
	
	0.22
	0.32
	0.27
	0.24
	0.37
	0.22
	0.21
	0.15
	0.30
	0.50
	0.16
	0.18
	0.42
	0.30
	0.33

	Sum
	0.00
	100.17
	100.16
	100.27
	100.30
	100.19
	100.26
	100.07
	100.33
	100.03
	100.28
	100.38
	100.11
	100.17
	100.16
	100.24

	O-F2
	0.00
	0.09
	0.13
	0.11
	0.10
	0.16
	0.09
	0.09
	0.06
	0.13
	0.21
	0.07
	0.08
	0.18
	0.13
	0.14

	Sum
	100.00
	100.08
	100.03
	100.15
	100.20
	100.04
	100.17
	99.98
	100.26
	99.90
	100.07
	100.31
	100.03
	99.99
	100.03
	100.10

	Formula based on 8 cations
	
	
	
	
	
	
	 
	
	 
	
	
	
	
	

	Si
	4.000
	4.005
	4.001
	4.001
	4.001
	4.001
	3.999
	4.001
	4.000
	4.000
	4.000
	4.000
	4.001
	4.000
	4.000
	4.001

	
	
	
	
	
	
	
	
	
	 
	
	 
	
	
	
	
	

	Ti
	0.000
	0.049
	0.069
	0.057
	0.016
	0.063
	0.057
	0.017
	0.033
	0.072
	0.104
	0.044
	0.039
	0.144
	0.064
	0.050

	Zr
	0.000
	0.018
	0.009
	0.024
	0.031
	0.048
	0.006
	0.006
	0.020
	0.025
	0.047
	0.014
	0.004
	0.007
	0.014
	0.034

	Nb
	2.000
	1.927
	1.921
	1.919
	1.952
	1.887
	1.937
	1.975
	1.945
	1.904
	1.851
	1.944
	1.957
	1.851
	1.922
	1.915

	Sum
	2.000
	1.993
	1.999
	1.999
	1.999
	1.999
	2.001
	1.999
	1.999
	2.001
	2.001
	2.001
	2.000
	2.001
	2.000
	1.999

	Na
	0.000
	0.004
	0.004
	0.000
	0.004
	0.004
	0.000
	0.000
	0.006
	0.006
	0.000
	0.004
	0.004
	0.000
	0.006
	0.004

	K
	2.000
	1.997
	1.996
	2.000
	1.996
	1.997
	2.000
	2.000
	1.996
	1.993
	1.999
	1.995
	1.995
	1.999
	1.994
	1.996

	Sum
	2.000
	2.001
	2.000
	2.000
	2.000
	2.000
	2.000
	2.000
	2.001
	1.999
	1.999
	1.999
	1.999
	1.999
	2.000
	2.000

	H
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.069
	0.101
	0.085
	0.076
	0.116
	0.070
	0.066
	0.046
	0.094
	0.157
	0.050
	0.057
	0.131
	0.094
	0.104

	End-members, mol.%
	
	
	
	
	
	
	
	 
	
	 
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.97
	0.96
	0.96
	0.98
	0.94
	0.97
	0.99
	0.97
	0.95
	0.92
	0.97
	0.98
	0.92
	0.96
	0.96

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.03
	0.04
	0.04
	0.02
	0.06
	0.03
	0.01
	0.03
	0.05
	0.08
	0.03
	0.02
	0.08
	0.04
	0.04


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	50 12
	51 12
	52 12
	53 12
	54 12
	55 12
	56 12
	57 12
	58 12
	59 12
	60 12
	61 12
	62 12
	63 12
	64 12

	Grain 
	
	Nb3-17
	Nb3-17
	Nb3-17
	Nb3-18g
	Nb3-18g
	Nb3-18g
	Nb3-18g
	Nb3-18g
	Nb3-18g
	Nb3-18g
	Nb3-18g
	Nb3-18g
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2

	EDS Spot
	
	1
	2
	3,4
	1
	2
	3
	4
	
	7
	 
	
	
	4
	2
	1

	Position
	
	c
	m
	r
	c
	r
	r
	r
	or
	or
	r
	or
	or
	r
	r
	r

	SiO2
	40.03
	40.19
	40.12
	40.09
	40.17
	40.20
	40.14
	40.26
	40.73
	40.63
	40.63
	40.75
	40.74
	40.35
	40.54
	40.43

	TiO2
	
	0.64
	0.45
	0.47
	0.58
	0.62
	0.60
	1.18
	3.21
	2.78
	3.02
	3.54
	3.24
	1.47
	2.01
	2.03

	ZrO2
	
	0.43
	0.46
	0.22
	0.85
	0.62
	0.49
	0.68
	0.68
	0.95
	0.61
	0.70
	0.40
	0.70
	0.82
	0.48

	Nb2O5
	44.28
	42.86
	43.11
	43.35
	42.51
	42.77
	42.82
	41.81
	38.98
	39.30
	39.28
	38.38
	39.25
	41.45
	40.61
	40.82

	Na2O
	
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00

	K2O
	15.69
	15.72
	15.73
	15.72
	15.74
	15.75
	15.73
	15.77
	15.95
	15.92
	15.86
	15.97
	15.96
	15.82
	15.89
	15.85

	H2O
	
	
	
	
	 
	
	
	 
	
	
	 
	
	
	
	 
	

	F
	
	0.38
	0.30
	0.27
	0.25
	0.29
	0.24
	0.37
	0.59
	0.69
	0.69
	0.78
	0.76
	0.44
	0.56
	0.53

	Sum
	0.00
	100.25
	100.17
	100.12
	100.10
	100.25
	100.02
	100.07
	100.14
	100.27
	100.13
	100.12
	100.35
	100.23
	100.43
	100.14

	O-F2
	0.00
	0.16
	0.13
	0.11
	0.11
	0.12
	0.10
	0.16
	0.25
	0.29
	0.29
	0.33
	0.32
	0.19
	0.24
	0.22

	Sum
	100.00
	100.09
	100.04
	100.00
	99.99
	100.12
	99.92
	99.92
	99.89
	99.98
	99.84
	99.79
	100.03
	100.04
	100.19
	99.92

	Formula based on 8 cations
	
	
	 
	
	
	 
	
	
	 
	
	
	
	 
	

	Si
	4.000
	4.001
	4.000
	3.999
	4.001
	4.000
	4.001
	4.001
	4.001
	4.000
	4.000
	4.001
	4.000
	3.999
	4.000
	4.000

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.048
	0.033
	0.035
	0.043
	0.046
	0.045
	0.088
	0.237
	0.206
	0.224
	0.261
	0.239
	0.110
	0.149
	0.151

	Zr
	0.000
	0.021
	0.023
	0.011
	0.041
	0.030
	0.024
	0.033
	0.033
	0.046
	0.029
	0.034
	0.019
	0.034
	0.039
	0.023

	Nb
	2.000
	1.929
	1.943
	1.955
	1.914
	1.924
	1.930
	1.878
	1.731
	1.749
	1.748
	1.704
	1.742
	1.857
	1.811
	1.826

	Sum
	2.000
	1.998
	1.999
	2.001
	1.999
	2.000
	1.999
	2.000
	2.001
	2.001
	2.001
	1.999
	2.001
	2.001
	2.000
	2.000

	Na
	0.000
	0.004
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.008
	0.000
	0.000
	0.000
	0.000
	0.000

	K
	2.000
	1.997
	2.001
	2.000
	2.000
	1.999
	2.000
	1.999
	1.999
	1.999
	1.992
	2.000
	1.999
	2.000
	2.000
	2.000

	Sum
	2.000
	2.000
	2.001
	2.000
	2.000
	1.999
	2.000
	1.999
	1.999
	1.999
	1.999
	2.000
	1.999
	2.000
	2.000
	2.000

	H
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.119
	0.095
	0.085
	0.079
	0.091
	0.076
	0.116
	0.183
	0.215
	0.215
	0.242
	0.236
	0.138
	0.175
	0.166

	End-members, mol.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.97
	0.97
	0.98
	0.96
	0.96
	0.97
	0.94
	0.87
	0.87
	0.87
	0.85
	0.87
	0.93
	0.91
	0.91

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.03
	0.03
	0.02
	0.04
	0.04
	0.03
	0.06
	0.13
	0.13
	0.13
	0.15
	0.13
	0.07
	0.09
	0.09


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	66 12
	67 12
	68 12
	69 12
	70 12
	71 12
	72 12
	73 12
	74 12
	76 12
	77 12
	78 12
	79 12
	80 12
	81 12

	Grain 
	
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2
	Nb3-18-2
	Nb3-18n
	Nb3-18n
	Nb3-19
	Nb3-20
	Nb3-20
	Nb3-20

	EDS Spot
	
	
	6
	3
	
	
	
	
	3,6
	
	3
	4
	1,2
	1
	2
	3

	Position
	
	r
	or
	or
	or
	r
	or
	or
	or
	c
	or
	or
	c
	c
	r
	r

	SiO2
	40.03
	40.53
	40.95
	41.02
	40.50
	40.43
	40.78
	40.66
	41.00
	40.25
	40.78
	40.65
	40.20
	40.05
	40.05
	40.04

	TiO2
	
	1.93
	4.00
	4.41
	2.53
	1.98
	3.66
	3.23
	4.14
	1.32
	3.54
	3.28
	0.95
	0.37
	0.19
	0.19

	ZrO2
	
	1.04
	0.18
	0.14
	0.80
	1.28
	0.47
	0.63
	0.25
	0.60
	0.56
	0.48
	0.33
	0.07
	0.27
	0.17

	Nb2O5
	44.28
	40.45
	38.41
	37.87
	39.72
	40.05
	38.51
	38.93
	38.23
	41.70
	38.61
	39.01
	42.50
	43.61
	43.72
	43.80

	Na2O
	
	0.00
	0.00
	0.00
	0.00
	0.03
	0.00
	0.00
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04

	K2O
	15.69
	15.88
	16.05
	16.07
	15.87
	15.80
	15.98
	15.93
	16.04
	15.78
	15.98
	15.94
	15.74
	15.69
	15.70
	15.65

	H2O
	
	
	
	 
	
	
	
	
	
	
	
	
	
	
	
	

	F
	
	0.59
	0.95
	0.95
	0.69
	0.56
	0.87
	0.72
	0.85
	0.33
	0.69
	0.80
	0.22
	0.14
	0.14
	0.13

	Sum
	0.00
	100.42
	100.54
	100.46
	100.11
	100.13
	100.27
	100.10
	100.53
	99.98
	100.16
	100.16
	99.94
	99.92
	100.07
	100.02

	O-F2
	0.00
	0.25
	0.40
	0.40
	0.29
	0.24
	0.37
	0.30
	0.36
	0.14
	0.29
	0.34
	0.09
	0.06
	0.06
	0.06

	Sum
	100.00
	100.17
	100.14
	100.06
	99.82
	99.89
	99.90
	99.79
	100.17
	99.84
	99.87
	99.82
	99.85
	99.86
	100.01
	99.96

	Formula based on 8 cations
	
	 
	
	
	
	
	
	
	
	
	
	
	
	

	Si
	4.000
	4.001
	4.001
	4.001
	4.000
	4.000
	4.000
	4.000
	3.999
	3.999
	4.000
	3.999
	4.001
	4.001
	3.999
	3.999

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.143
	0.294
	0.324
	0.188
	0.147
	0.270
	0.239
	0.304
	0.099
	0.261
	0.243
	0.071
	0.027
	0.014
	0.014

	Zr
	0.000
	0.050
	0.009
	0.007
	0.039
	0.062
	0.022
	0.030
	0.012
	0.029
	0.027
	0.023
	0.016
	0.003
	0.013
	0.008

	Nb
	2.000
	1.805
	1.696
	1.670
	1.774
	1.791
	1.708
	1.731
	1.686
	1.873
	1.712
	1.735
	1.913
	1.969
	1.974
	1.978

	Sum
	2.000
	1.999
	1.999
	2.000
	2.000
	2.000
	2.000
	2.001
	2.001
	2.001
	2.000
	2.000
	2.000
	2.000
	2.001
	2.000

	Na
	0.000
	0.000
	0.000
	0.000
	0.000
	0.006
	0.000
	0.000
	0.004
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.008

	K
	2.000
	2.000
	2.000
	1.999
	2.000
	1.994
	2.000
	1.999
	1.996
	2.000
	2.000
	2.001
	1.999
	1.999
	2.000
	1.994

	Sum
	2.000
	2.000
	2.000
	1.999
	2.000
	2.000
	2.000
	1.999
	2.000
	2.000
	2.000
	2.001
	1.999
	1.999
	2.000
	2.002

	H
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.184
	0.294
	0.293
	0.216
	0.175
	0.270
	0.224
	0.262
	0.103
	0.214
	0.249
	0.069
	0.043
	0.044
	0.041

	End-members, mol.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.90
	0.85
	0.83
	0.89
	0.90
	0.85
	0.87
	0.84
	0.94
	0.86
	0.87
	0.96
	0.98
	0.99
	0.99

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.10
	0.15
	0.17
	0.11
	0.10
	0.15
	0.13
	0.16
	0.06
	0.14
	0.13
	0.04
	0.02
	0.01
	0.01


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	82 12
	83 12
	84 12
	85 12
	86 12
	87 12
	88 12
	89 12
	90 12
	91 12
	92 12
	93 12
	94 12
	95 12
	96 12

	Grain 
	
	Nb3-21
	Nb3-21
	Nb3-22
	Nb3-22
	Nb3-23
	Nb3-23
	Nb3-24
	Nb3-24
	Nb4-11
	Nb4-15
	Nb4-15
	Nb4-15
	Nb4-19
	Nb4-21
	Nb4-21

	EDS Spot
	
	1
	2
	1
	2
	3
	4
	1
	2
	7
	1
	8
	7
	1
	3
	5

	Position
	
	c
	r
	c
	r
	c
	r
	c
	r
	c
	c
	c
	r
	c
	c
	r

	SiO2
	40.03
	40.07
	40.14
	40.09
	40.17
	40.09
	40.21
	40.32
	40.21
	40.32
	40.13
	40.08
	40.15
	40.07
	40.10
	40.30

	TiO2
	
	0.20
	0.50
	0.20
	0.69
	0.26
	0.74
	1.31
	0.77
	1.21
	0.61
	0.55
	0.76
	0.48
	0.15
	1.18

	ZrO2
	
	0.25
	0.21
	0.18
	0.51
	0.26
	0.63
	0.34
	0.25
	0.41
	0.57
	0.31
	0.28
	0.35
	0.12
	0.45

	Nb2O5
	44.28
	43.67
	43.30
	43.77
	42.71
	43.61
	42.55
	42.04
	42.95
	42.02
	42.76
	43.08
	42.87
	43.10
	43.95
	42.16

	Na2O
	
	0.00
	0.00
	0.00
	0.04
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00

	K2O
	15.69
	15.70
	15.74
	15.72
	15.69
	15.71
	15.76
	15.79
	15.75
	15.78
	15.72
	15.72
	15.70
	15.70
	15.72
	15.79

	H2O
	
	
	
	
	
	 
	 
	
	
	
	
	
	
	
	
	

	F
	
	0.15
	0.23
	0.15
	0.33
	0.19
	0.38
	0.35
	0.26
	0.27
	0.28
	0.25
	0.29
	0.24
	0.19
	0.33

	Sum
	0.00
	100.04
	100.12
	100.11
	100.14
	100.12
	100.27
	100.15
	100.19
	100.01
	100.07
	100.00
	100.08
	99.94
	100.24
	100.21

	O-F2
	0.00
	0.06
	0.10
	0.06
	0.14
	0.08
	0.16
	0.15
	0.11
	0.11
	0.12
	0.11
	0.12
	0.10
	0.08
	0.14

	Sum
	100.00
	99.98
	100.02
	100.05
	100.00
	100.04
	100.11
	100.00
	100.08
	99.89
	99.95
	99.89
	99.95
	99.83
	100.16
	100.07

	Formula based on 8 cations
	
	
	
	 
	 
	
	
	
	
	
	
	
	
	

	Si
	4.000
	4.001
	4.000
	4.000
	4.000
	4.001
	4.000
	4.001
	4.000
	4.004
	4.001
	3.999
	3.999
	4.001
	4.000
	4.000

	
	
	
	
	
	
	 
	 
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.015
	0.037
	0.015
	0.052
	0.019
	0.055
	0.098
	0.057
	0.090
	0.046
	0.041
	0.057
	0.036
	0.011
	0.088

	Zr
	0.000
	0.012
	0.010
	0.009
	0.025
	0.013
	0.031
	0.016
	0.012
	0.020
	0.027
	0.015
	0.013
	0.017
	0.006
	0.022

	Nb
	2.000
	1.971
	1.951
	1.975
	1.923
	1.967
	1.914
	1.886
	1.932
	1.887
	1.927
	1.943
	1.930
	1.946
	1.982
	1.892

	Sum
	2.000
	1.999
	1.999
	1.998
	1.999
	1.999
	2.000
	2.000
	2.001
	1.997
	2.000
	2.000
	2.001
	1.999
	1.999
	2.001

	Na
	0.000
	0.000
	0.000
	0.000
	0.008
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.006
	0.000
	0.000
	0.000

	K
	2.000
	2.000
	2.001
	2.001
	1.993
	2.000
	2.000
	1.999
	1.999
	1.999
	1.999
	2.001
	1.995
	2.000
	2.000
	1.999

	Sum
	2.000
	2.000
	2.001
	2.001
	2.001
	2.000
	2.000
	1.999
	1.999
	1.999
	1.999
	2.001
	2.001
	2.000
	2.001
	1.999

	H
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.047
	0.072
	0.047
	0.104
	0.060
	0.120
	0.110
	0.081
	0.085
	0.088
	0.080
	0.091
	0.076
	0.060
	0.104

	End-members, mol.%
	
	
	
	
	 
	 
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.99
	0.98
	0.99
	0.96
	0.98
	0.96
	0.94
	0.97
	0.94
	0.96
	0.97
	0.96
	0.97
	0.99
	0.95

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.01
	0.02
	0.01
	0.04
	0.02
	0.04
	0.06
	0.03
	0.06
	0.04
	0.03
	0.04
	0.03
	0.01
	0.05


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	97 12
	98 12
	99 12
	00 12
	01 12
	02 12
	03 12
	04 12
	05 12
	06 12
	07 12
	08 12
	09 12
	10 12
	11 12

	Grain 
	
	Nb4-22
	Nb4-22
	Nb4-23
	Nb4-23
	Nb4-24
	Nb4-24
	Nb4-25
	Nb4-25
	Nb4-25
	Nb4-26
	Nb4-26
	Nb4-28
	Nb4-28
	Nb4-29
	Nb4-29

	EDS Spot
	
	4
	6
	1
	3
	1
	2
	1
	7
	5
	7
	8
	1
	6
	1
	2

	Position
	
	c
	r
	c
	r
	c
	r
	c
	r
	or
	c
	r
	c
	r
	c
	r

	SiO2
	40.03
	40.14
	40.22
	40.22
	40.05
	40.15
	40.25
	40.15
	40.30
	41.00
	40.15
	40.27
	40.13
	40.23
	40.19
	40.36

	TiO2
	
	0.18
	0.79
	0.99
	0.16
	0.64
	1.01
	0.61
	1.29
	4.11
	0.63
	1.24
	0.57
	0.82
	0.57
	1.20

	ZrO2
	
	0.53
	0.27
	0.23
	0.07
	0.36
	0.12
	0.44
	0.40
	0.23
	0.08
	0.38
	0.33
	0.80
	0.41
	0.23

	Nb2O5
	44.28
	43.52
	42.89
	42.56
	43.92
	42.96
	42.73
	42.85
	42.02
	38.23
	43.26
	42.07
	43.06
	42.25
	43.03
	42.39

	Na2O
	
	0.00
	0.02
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.02
	0.00
	0.02

	K2O
	15.69
	15.73
	15.73
	15.69
	15.69
	15.74
	15.77
	15.71
	15.79
	16.07
	15.75
	15.78
	15.71
	15.74
	15.74
	15.79

	H2O
	
	
	
	
	 
	
	
	
	
	
	
	
	 
	 
	
	

	F
	
	0.18
	0.23
	0.30
	0.15
	0.21
	0.31
	0.26
	0.37
	0.81
	0.21
	0.41
	0.30
	0.32
	0.15
	0.26

	Sum
	0.00
	100.28
	100.15
	100.04
	100.03
	100.06
	100.19
	100.02
	100.17
	100.45
	100.08
	100.15
	100.12
	100.18
	100.10
	100.25

	O-F2
	0.00
	0.08
	0.10
	0.13
	0.06
	0.09
	0.13
	0.11
	0.16
	0.34
	0.09
	0.17
	0.13
	0.13
	0.06
	0.11

	Sum
	100.00
	100.20
	100.05
	99.91
	99.97
	99.97
	100.06
	99.91
	100.01
	100.11
	99.99
	99.97
	99.99
	100.05
	100.03
	100.14

	Formula based on 8 cations
	
	
	 
	
	
	
	
	
	
	
	 
	 
	
	

	Si
	4.000
	4.000
	4.000
	4.000
	4.001
	4.000
	4.000
	4.003
	4.000
	4.001
	3.999
	4.000
	4.000
	4.000
	4.001
	4.000

	
	
	
	
	
	 
	
	
	
	
	
	
	
	 
	 
	
	

	Ti
	0.000
	0.013
	0.059
	0.074
	0.012
	0.048
	0.075
	0.046
	0.096
	0.302
	0.047
	0.093
	0.042
	0.061
	0.043
	0.089

	Zr
	0.000
	0.026
	0.013
	0.011
	0.003
	0.017
	0.006
	0.021
	0.019
	0.011
	0.004
	0.018
	0.016
	0.039
	0.020
	0.011

	Nb
	2.000
	1.961
	1.928
	1.914
	1.984
	1.935
	1.920
	1.931
	1.885
	1.686
	1.948
	1.889
	1.940
	1.899
	1.937
	1.899

	Sum
	2.000
	2.000
	2.000
	1.999
	1.999
	2.000
	2.001
	1.999
	2.001
	1.999
	1.999
	2.000
	1.999
	1.999
	2.000
	2.000

	Na
	0.000
	0.000
	0.004
	0.010
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.004
	0.004
	0.000
	0.004

	K
	2.000
	2.000
	1.996
	1.991
	2.000
	2.000
	1.999
	1.998
	1.999
	2.000
	2.001
	2.000
	1.998
	1.997
	1.999
	1.996

	Sum
	2.000
	2.000
	2.000
	2.001
	2.000
	2.000
	1.999
	1.998
	1.999
	2.000
	2.001
	2.000
	2.001
	2.000
	1.999
	2.000

	H
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.057
	0.072
	0.094
	0.047
	0.066
	0.097
	0.082
	0.116
	0.250
	0.066
	0.129
	0.095
	0.101
	0.047
	0.081

	End-members, mol.%
	
	
	
	 
	
	
	
	
	
	
	
	 
	 
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.98
	0.96
	0.96
	0.99
	0.97
	0.96
	0.97
	0.94
	0.84
	0.97
	0.94
	0.97
	0.95
	0.97
	0.95

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.02
	0.04
	0.04
	0.01
	0.03
	0.04
	0.03
	0.06
	0.16
	0.03
	0.06
	0.03
	0.05
	0.03
	0.05


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	SIMS
	
	SIMS
	
	
	SIMS
	
	
	SIMS
	
	
	SIMS
	
	

	Grain 
	
	Rp-1
	
	Rp-2
	
	
	Rp-3
	
	
	Rp-4
	
	
	Rp-5
	
	

	EDS Spot
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Position
	
	c
	r
	c
	r
	c
	c
	c
	c
	r
	c
	c
	c
	c
	c

	SiO2
	40.03
	40.12
	40.2
	40.13
	40.21
	40.23
	40.13
	40.11
	40.21
	40.23
	40.15
	40.14
	40.19
	40.26
	40.14

	TiO2
	
	0.83
	0.90
	0.62
	0.83
	0.40
	0.42
	0.42
	0.47
	0.62
	0.35
	0.37
	0.62
	0.60
	0.25

	ZrO2
	
	0.20
	0.20
	0.22
	0.22
	0.22
	0.18
	0.18
	0.18
	0.30
	0.40
	0.20
	0.15
	0.15
	0.15

	Nb2O5
	44.28
	42.74
	42.75
	43.15
	42.83
	43.54
	43.50
	43.45
	43.50
	43.14
	43.41
	43.57
	43.27
	43.37
	43.80

	Na2O
	
	0.00
	0.00
	0.03
	0.02
	0.06
	0.00
	0.00
	0.00
	0.06
	0.01
	0.03
	0.00
	0.00
	0.00

	K2O
	15.69
	15.73
	15.75
	15.68
	15.73
	15.68
	15.72
	15.71
	15.76
	15.68
	15.71
	15.70
	15.74
	15.77
	15.73

	H2O
	
	0.16
	0.16
	0.17
	0.17
	0.17
	0.25
	0.25
	0.25
	0.17
	0.17
	0.17
	0.14
	0.14
	0.14

	F
	
	0.23
	0.23
	0.11
	0.11
	0.11
	0.16
	0.16
	0.16
	0.10
	0.10
	0.10
	0.12
	0.12
	0.12

	Sum
	0.00
	100.01
	100.19
	100.11
	100.12
	100.41
	100.36
	100.28
	100.53
	100.30
	100.30
	100.28
	100.23
	100.41
	100.33

	O-F2
	0.00
	0.10
	0.10
	0.05
	0.05
	0.05
	0.07
	0.07
	0.07
	0.04
	0.04
	0.04
	0.05
	0.05
	0.05

	Sum
	100.00
	99.91
	100.09
	100.06
	100.07
	100.36
	100.30
	100.22
	100.47
	100.26
	100.26
	100.24
	100.18
	100.36
	100.28

	Formula based on 8 cations
	
	
	
	
	
	
	
	
	
	
	
	
	

	Si
	4.000
	4.000
	4.000
	3.999
	4.000
	4.001
	4.000
	4.001
	4.000
	4.000
	4.000
	3.999
	4.000
	4.001
	4.001

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.062
	0.067
	0.046
	0.062
	0.030
	0.031
	0.032
	0.035
	0.046
	0.026
	0.028
	0.046
	0.045
	0.019

	Zr
	0.000
	0.010
	0.010
	0.011
	0.011
	0.011
	0.009
	0.009
	0.009
	0.015
	0.019
	0.010
	0.007
	0.007
	0.007

	Nb
	2.000
	1.927
	1.923
	1.944
	1.926
	1.958
	1.960
	1.959
	1.956
	1.939
	1.955
	1.962
	1.947
	1.948
	1.973

	Sum
	2.000
	1.999
	2.000
	2.001
	1.999
	1.998
	2.001
	2.000
	2.000
	2.000
	2.001
	2.000
	2.001
	2.000
	2.000

	Na
	0.000
	0.000
	0.000
	0.006
	0.004
	0.012
	0.000
	0.000
	0.000
	0.012
	0.002
	0.006
	0.000
	0.000
	0.000

	K
	2.000
	2.001
	1.999
	1.994
	1.996
	1.989
	1.999
	1.999
	2.000
	1.989
	1.997
	1.995
	1.999
	1.999
	2.000

	Sum
	2.000
	2.001
	1.999
	1.999
	2.000
	2.001
	1.999
	1.999
	2.000
	2.000
	1.999
	2.001
	1.999
	1.999
	2.000

	H
	
	0.106
	0.106
	0.113
	0.113
	0.113
	0.168
	0.168
	0.168
	0.114
	0.114
	0.114
	0.095
	0.095
	0.095

	F
	0.000
	0.072
	0.072
	0.035
	0.035
	0.035
	0.050
	0.050
	0.050
	0.031
	0.031
	0.031
	0.038
	0.038
	0.038

	End-members, mol.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.96
	0.96
	0.97
	0.96
	0.98
	0.98
	0.98
	0.98
	0.97
	0.98
	0.98
	0.97
	0.97
	0.99

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.04
	0.04
	0.03
	0.04
	0.02
	0.02
	0.02
	0.02
	0.03
	0.02
	0.02
	0.03
	0.03
	0.01


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5
	546-193.5

	WDS analysis
	SIMS
	
	
	SIMS
	
	
	SIMS
	
	63
	164
	165
	166
	251
	171
	172
	173

	Grain 
	
	Rp-6-1
	
	
	Rp-6-2
	
	
	Rp-7
	
	R2-10
	R4-22
	R4-22
	R4-22
	R6-24
	R4-22
	R4-22
	R4-22

	EDS Spot
	
	
	
	
	
	
	
	
	
	new
	new
	new
	new
	new
	new
	new
	new

	Position
	
	c
	r
	r
	c
	c
	r
	c
	r
	inc
	inc
	inc
	inc
	inc
	c
	c
	r

	SiO2
	40.03
	40.23
	40.13
	40.22
	40.07
	40.09
	40.28
	40.1
	40.11
	40.42
	40.20
	40.20
	40.16
	40.37
	40.23
	40.11
	40.21

	TiO2
	
	0.92
	0.38
	0.78
	0.27
	0.22
	0.67
	0.22
	0.23
	1.60
	0.65
	0.73
	0.16
	1.38
	0.71
	0.30
	0.88

	ZrO2
	
	0.17
	0.17
	0.17
	0.05
	0.05
	0.05
	0.08
	0.08
	0.07
	0.13
	0.15
	0.11
	0.81
	0.13
	0.12
	0.11

	Nb2O5
	44.28
	42.79
	43.53
	42.98
	43.78
	43.93
	43.35
	43.87
	43.86
	41.92
	43.18
	43.07
	44.00
	41.45
	43.15
	43.73
	42.88

	Na2O
	
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.00
	0.00
	0.05
	0.03
	0.02
	0.00
	0.03
	0.02
	0.02
	0.02

	K2O
	15.69
	15.76
	15.73
	15.76
	15.70
	15.70
	15.70
	15.71
	15.71
	15.76
	15.71
	15.72
	15.74
	15.77
	15.74
	15.69
	15.73

	H2O
	
	0.13
	0.13
	0.13
	0.26
	0.26
	0.26
	0.12
	0.12
	
	
	
	
	
	
	
	

	F
	
	0.09
	0.09
	0.09
	0.15
	0.15
	0.15
	0.10
	0.10
	0.25
	0.29
	0.35
	0.10
	0.41
	0.29
	0.25
	0.18

	Sum
	0.00
	100.08
	100.15
	100.12
	100.28
	100.40
	100.52
	100.20
	100.21
	100.07
	100.20
	100.24
	100.27
	100.22
	100.27
	100.22
	100.01

	O-F2
	0.00
	0.04
	0.04
	0.04
	0.06
	0.06
	0.06
	0.04
	0.04
	0.10
	0.12
	0.15
	0.04
	0.17
	0.12
	0.11
	0.08

	Sum
	100.00
	100.05
	100.12
	100.09
	100.21
	100.33
	100.45
	100.16
	100.17
	99.97
	100.08
	100.09
	100.23
	100.05
	100.15
	100.11
	99.93

	Formula based on 8 cations
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Si
	4.000
	4.000
	4.001
	4.001
	4.001
	4.001
	4.000
	4.001
	4.001
	4.001
	4.001
	4.001
	4.001
	4.001
	4.000
	4.000
	4.000

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.069
	0.028
	0.058
	0.020
	0.017
	0.050
	0.017
	0.017
	0.119
	0.049
	0.055
	0.012
	0.103
	0.053
	0.022
	0.066

	Zr
	0.000
	0.008
	0.008
	0.008
	0.002
	0.002
	0.002
	0.004
	0.004
	0.003
	0.006
	0.007
	0.005
	0.039
	0.006
	0.006
	0.005

	Nb
	2.000
	1.924
	1.962
	1.933
	1.976
	1.982
	1.946
	1.979
	1.978
	1.876
	1.943
	1.938
	1.982
	1.857
	1.940
	1.972
	1.929

	Sum
	2.000
	2.001
	1.999
	1.999
	1.999
	2.001
	1.999
	1.999
	1.999
	1.999
	1.998
	2.000
	1.999
	1.999
	1.999
	2.000
	2.000

	Na
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.012
	0.000
	0.000
	0.010
	0.006
	0.004
	0.000
	0.006
	0.004
	0.004
	0.003

	K
	2.000
	1.999
	2.001
	2.000
	2.000
	1.999
	1.989
	2.000
	1.999
	1.990
	1.995
	1.996
	2.000
	1.994
	1.997
	1.996
	1.996

	Sum
	2.000
	1.999
	2.001
	2.000
	2.000
	1.999
	2.001
	2.000
	1.999
	2.000
	2.001
	2.000
	2.000
	2.000
	2.001
	2.000
	2.000

	H
	
	0.083
	0.084
	0.083
	0.171
	0.171
	0.170
	0.082
	0.082
	
	
	
	
	
	
	
	

	F
	0.000
	0.028
	0.028
	0.028
	0.048
	0.048
	0.048
	0.032
	0.032
	0.077
	0.092
	0.109
	0.032
	0.129
	0.092
	0.080
	0.056

	End-members, mol.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.96
	0.98
	0.97
	0.99
	0.99
	0.97
	0.99
	0.99
	0.94
	0.97
	0.97
	0.99
	0.93
	0.97
	0.99
	0.96

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.04
	0.02
	0.03
	0.01
	0.01
	0.03
	0.01
	0.01
	0.06
	0.03
	0.03
	0.01
	0.07
	0.03
	0.01
	0.04


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	546-193.5
	 
	 
	 
	514-231
	514-231
	514-231
	514-231
	514-231
	514-231
	514-231
	514-231
	549-192
	549-192

	WDS analysis
	 
	 
	 
	 
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Grain 
	
	n=120
	sd
	max
	min
	R8-3
	R8-3
	R8-4
	R8-4
	R8-5
	R8-5
	R8a-1
	R8a-1
	R9-1-new
	R9-1-new

	EDS Spot
	
	 
	 
	 
	 
	1
	2
	3
	4
	5
	6
	1
	2
	1
	2

	Position
	
	 
	 
	 
	 
	c
	r
	c
	r
	c
	r
	c
	r
	c
	r

	SiO2
	40.03
	40.28
	0.23
	41.02
	40.07
	40.16
	40.23
	40.31
	40.43
	40.20
	40.30
	40.23
	40.25
	40.19
	40.31

	TiO2
	
	1.11
	1.06
	4.41
	0.15
	0.74
	0.55
	1.10
	1.56
	0.37
	0.91
	0.62
	0.87
	0.60
	1.32

	ZrO2
	
	0.37
	0.26
	1.28
	0.05
	0.41
	0.44
	0.69
	0.43
	0.24
	0.38
	0.43
	0.37
	0.09
	0.26

	Nb2O5
	44.28
	42.30
	1.61
	44.00
	38.23
	42.71
	43.06
	42.00
	41.62
	43.54
	42.68
	42.97
	42.61
	43.29
	42.08

	Na2O
	
	0.01
	0.02
	0.06
	0
	0.06
	0.03
	0.00
	0.04
	0.07
	0.00
	0.04
	0.02
	0.02
	0.05

	K2O
	15.69
	15.77
	0.09
	16.07
	15.68
	15.66
	15.72
	15.80
	15.78
	15.64
	15.81
	15.70
	15.76
	15.71
	15.73

	H2O
	
	0.18
	0.05
	0.26
	0.12
	
	
	
	
	
	
	
	
	
	

	F
	
	0.32
	0.22
	0.95
	0.10
	0.55
	0.29
	0.50
	0.29
	0.11
	0.12
	0.35
	0.39
	0.24
	0.44

	Sum
	0.00
	100.34
	 
	 
	 
	100.29
	100.33
	100.41
	100.15
	100.17
	100.20
	100.34
	100.28
	100.16
	100.18

	O-F2
	0.00
	0.14
	 
	 
	 
	0.23
	0.12
	0.21
	0.12
	0.05
	0.05
	0.15
	0.17
	0.10
	0.18

	Sum
	0.00
	100.21
	 
	 
	 
	100.06
	100.20
	100.20
	100.03
	100.12
	100.15
	100.19
	100.11
	100.05
	100.00

	Formula based on 8 cations
	 
	 
	 
	 
	
	
	
	
	
	
	
	
	
	

	Si
	4.000
	4.000
	 
	 
	 
	4.000
	4.001
	4.000
	4.001
	4.002
	3.998
	4.001
	4.001
	4.002
	4.000

	
	
	 
	 
	 
	 
	
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.083
	 
	 
	 
	0.055
	0.041
	0.082
	0.116
	0.027
	0.068
	0.046
	0.065
	0.045
	0.098

	Zr
	0.000
	0.018
	 
	 
	 
	0.020
	0.021
	0.034
	0.021
	0.011
	0.019
	0.021
	0.018
	0.005
	0.012

	Nb
	2.000
	1.899
	 
	 
	 
	1.923
	1.936
	1.884
	1.862
	1.959
	1.914
	1.932
	1.915
	1.949
	1.888

	Sum
	2.000
	2.000
	 
	 
	 
	1.999
	1.999
	2.000
	1.999
	1.998
	2.001
	1.999
	1.998
	1.999
	1.999

	Na
	0.000
	0.002
	 
	 
	 
	0.011
	0.006
	0.000
	0.008
	0.014
	0.000
	0.007
	0.003
	0.004
	0.009

	K
	2.000
	1.998
	 
	 
	 
	1.990
	1.994
	2.000
	1.992
	1.986
	2.001
	1.992
	1.998
	1.995
	1.992

	Sum
	2.000
	2.000
	 
	 
	 
	2.001
	2.000
	2.000
	2.000
	2.000
	2.001
	1.999
	2.001
	2.000
	2.001

	H
	0.000
	0.118
	 
	 
	 
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.101
	 
	 
	 
	0.174
	0.092
	0.158
	0.090
	0.036
	0.036
	0.109
	0.124
	0.077
	0.138

	End-members, mol.%
	 
	 
	 
	 
	
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.95
	
	
	
	0.96
	0.97
	0.94
	0.93
	0.98
	0.96
	0.97
	0.96
	0.98
	0.94

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.05
	
	
	
	0.04
	0.03
	0.06
	0.07
	0.02
	0.04
	0.03
	0.04
	0.02
	0.06


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192

	WDS analysis
	25
	26
	27
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42

	Grain 
	
	R9-2-Rip
	R9-2-Rip
	R9-2-Rip-new
	R9-Rip3
	R9-Rip3
	R9-Rip3
	R9-Rip3-2
	R9-Rip3-2
	R9-Rip3-2
	R9-Rip3-2
	R9-Rip3-2
	R9-Rip3-2
	R9-Rip3-2
	R9-Rip4
	R9-Rip4

	EDS Spot
	
	1
	7
	1
	1
	2
	3
	2
	3
	4,5
	7
	9
	8
	new
	1
	2

	Position
	
	c
	r
	m
	c
	r
	r
	r
	r
	or
	or
	or
	or
	or
	c
	r

	SiO2
	40.03
	40.19
	40.44
	40.10
	40.10
	40.10
	40.22
	40.24
	40.35
	41.00
	40.95
	40.90
	41.04
	40.87
	40.10
	40.42

	TiO2
	
	0.30
	1.81
	0.28
	0.46
	0.47
	0.85
	1.22
	1.69
	4.05
	4.06
	3.85
	4.27
	3.78
	0.17
	1.54

	ZrO2
	
	0.63
	0.55
	0.48
	0.17
	0.82
	0.47
	0.77
	0.43
	0.42
	0.35
	0.27
	0.40
	0.26
	0.33
	0.92

	Nb2O5
	44.28
	43.26
	41.15
	43.37
	43.39
	42.65
	42.60
	41.63
	41.40
	38.08
	38.16
	38.49
	37.80
	38.57
	43.70
	41.13

	Na2O
	
	0.05
	0.05
	0.05
	0.04
	0.00
	0.04
	0.03
	0.03
	0.05
	0.02
	0.00
	0.03
	0.00
	0.06
	0.07

	K2O
	15.69
	15.67
	15.76
	15.65
	15.67
	15.71
	15.70
	15.73
	15.78
	15.99
	16.01
	16.03
	16.04
	16.02
	15.63
	15.74

	H2O
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	
	0.23
	0.51
	0.09
	0.34
	0.39
	0.37
	0.54
	0.57
	0.82
	0.88
	0.82
	0.74
	0.70
	0.21
	0.48

	Sum
	0.00
	100.33
	100.27
	100.02
	100.17
	100.15
	100.24
	100.16
	100.25
	100.41
	100.43
	100.36
	100.31
	100.20
	100.19
	100.29

	O-F2
	0.00
	0.10
	0.22
	0.04
	0.14
	0.17
	0.16
	0.23
	0.24
	0.34
	0.37
	0.35
	0.31
	0.30
	0.09
	0.20

	Sum
	100.00
	100.23
	100.05
	99.98
	100.02
	99.98
	100.09
	99.93
	100.01
	100.07
	100.06
	100.02
	100.00
	99.91
	100.10
	100.09

	Formula based on 8 cations
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Si
	4.000
	4.001
	4.000
	3.999
	4.000
	4.001
	4.000
	4.000
	3.999
	4.002
	4.001
	4.001
	4.001
	4.001
	4.000
	4.000

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.022
	0.134
	0.021
	0.034
	0.035
	0.063
	0.091
	0.126
	0.297
	0.298
	0.283
	0.313
	0.278
	0.012
	0.115

	Zr
	0.000
	0.031
	0.027
	0.023
	0.008
	0.040
	0.023
	0.037
	0.021
	0.020
	0.017
	0.013
	0.019
	0.012
	0.016
	0.044

	Nb
	2.000
	1.947
	1.840
	1.955
	1.957
	1.924
	1.915
	1.871
	1.855
	1.680
	1.685
	1.702
	1.666
	1.707
	1.971
	1.840

	Sum
	2.000
	2.000
	2.001
	2.000
	1.999
	1.999
	2.001
	1.999
	2.001
	1.998
	2.001
	1.999
	1.999
	1.998
	1.999
	1.999

	Na
	0.000
	0.010
	0.010
	0.010
	0.007
	0.000
	0.008
	0.006
	0.005
	0.010
	0.003
	0.000
	0.005
	0.000
	0.012
	0.013

	K
	2.000
	1.990
	1.989
	1.991
	1.994
	2.000
	1.992
	1.995
	1.995
	1.991
	1.995
	2.000
	1.995
	2.001
	1.989
	1.987

	Sum
	2.000
	2.000
	1.998
	2.001
	2.001
	2.000
	1.999
	2.001
	2.000
	2.001
	1.999
	2.000
	2.000
	2.001
	2.001
	2.001

	H
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.073
	0.160
	0.027
	0.107
	0.124
	0.116
	0.169
	0.179
	0.252
	0.273
	0.254
	0.227
	0.217
	0.065
	0.149

	End-members, mol.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.97
	0.92
	0.98
	0.98
	0.96
	0.96
	0.94
	0.93
	0.84
	0.84
	0.85
	0.83
	0.85
	0.99
	0.92

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.03
	0.08
	0.02
	0.02
	0.04
	0.04
	0.06
	0.07
	0.16
	0.16
	0.15
	0.17
	0.15
	0.01
	0.08


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192
	549-192

	WDS analysis
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57

	Grain 
	
	R9-Rip4
	R9-Rip4
	R9-Rip4
	R9-Rip4
	R9-Rip4
	R9-Rip5
	R9-Rip5
	R9-Rip6
	R9-Rip6
	R9-Rip6
	R9-Rip7
	R9-Rip7
	R9-Rip7
	R9-Rip8
	R9-Rip8

	EDS Spot
	
	3
	4
	5
	6
	7
	1
	5,6
	1
	2
	new
	3
	4
	new
	5
	6

	Position
	
	r
	or
	or
	or
	or
	r
	or
	c
	r
	or
	c
	r
	or
	c
	r

	SiO2
	40.03
	40.15
	40.77
	41.03
	40.86
	40.91
	40.34
	40.83
	40.16
	40.20
	40.81
	40.25
	40.25
	40.90
	40.29
	40.29

	TiO2
	
	0.40
	3.65
	4.12
	3.50
	3.67
	1.59
	3.61
	0.45
	1.63
	3.67
	0.72
	0.87
	3.71
	0.88
	1.03

	ZrO2
	
	0.22
	0.52
	0.50
	0.63
	0.30
	0.43
	0.25
	0.41
	0.46
	0.39
	0.57
	0.53
	0.19
	0.46
	0.59

	Nb2O5
	44.28
	43.45
	38.43
	37.98
	38.65
	38.78
	41.50
	38.90
	43.17
	41.28
	38.60
	42.68
	42.47
	38.82
	42.56
	42.20

	Na2O
	
	0.00
	0.04
	0.00
	0.02
	0.00
	0.00
	0.05
	0.05
	0.00
	0.00
	0.06
	0.00
	0.03
	0.00
	0.02

	K2O
	15.69
	15.73
	15.92
	16.07
	15.98
	16.03
	15.81
	15.93
	15.65
	15.76
	16.00
	15.67
	15.78
	15.99
	15.79
	15.75

	H2O
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	
	0.18
	0.94
	0.80
	0.78
	0.75
	0.47
	0.72
	0.24
	0.44
	1.04
	0.23
	0.31
	0.75
	0.21
	0.29

	Sum
	0.00
	100.14
	100.28
	100.50
	100.42
	100.44
	100.14
	100.29
	100.13
	99.78
	100.51
	100.18
	100.21
	100.39
	100.19
	100.17

	O-F2
	0.00
	0.07
	0.40
	0.34
	0.33
	0.32
	0.20
	0.30
	0.10
	0.19
	0.44
	0.10
	0.13
	0.32
	0.09
	0.12

	Sum
	100.00
	100.06
	99.88
	100.17
	100.09
	100.13
	99.94
	99.99
	100.03
	99.59
	100.07
	100.08
	100.08
	100.07
	100.10
	100.05

	Formula based on 8 cations
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Si
	4.000
	4.001
	4.000
	4.001
	4.001
	4.001
	4.000
	3.999
	4.002
	3.999
	4.000
	4.001
	4.000
	4.001
	4.001
	4.001

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ti
	0.000
	0.030
	0.269
	0.302
	0.258
	0.270
	0.119
	0.266
	0.034
	0.122
	0.271
	0.054
	0.065
	0.273
	0.066
	0.077

	Zr
	0.000
	0.011
	0.025
	0.024
	0.030
	0.014
	0.021
	0.012
	0.020
	0.022
	0.018
	0.028
	0.026
	0.009
	0.022
	0.029

	Nb
	2.000
	1.958
	1.705
	1.674
	1.711
	1.715
	1.860
	1.723
	1.945
	1.856
	1.710
	1.918
	1.908
	1.717
	1.911
	1.894

	Sum
	2.000
	1.999
	1.999
	2.000
	1.999
	1.999
	2.000
	2.001
	1.999
	2.001
	2.000
	2.000
	1.999
	1.999
	1.999
	2.000

	Na
	0.000
	0.000
	0.008
	0.000
	0.004
	0.000
	0.000
	0.010
	0.010
	0.000
	0.000
	0.012
	0.000
	0.005
	0.000
	0.004

	K
	2.000
	2.000
	1.993
	1.999
	1.996
	2.000
	2.000
	1.991
	1.989
	2.000
	2.001
	1.987
	2.001
	1.995
	2.000
	1.995

	Sum
	2.000
	2.000
	2.001
	1.999
	2.000
	2.000
	2.000
	2.000
	1.999
	2.000
	2.001
	1.999
	2.001
	2.000
	2.000
	1.999

	H
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F
	0.000
	0.055
	0.292
	0.247
	0.240
	0.232
	0.147
	0.221
	0.075
	0.140
	0.322
	0.072
	0.098
	0.233
	0.066
	0.090

	End-members, mol.%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.98
	0.85
	0.84
	0.86
	0.86
	0.93
	0.86
	0.97
	0.93
	0.86
	0.96
	0.95
	0.86
	0.96
	0.95

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.02
	0.15
	0.16
	0.14
	0.14
	0.07
	0.14
	0.03
	0.07
	0.14
	0.04
	0.05
	0.14
	0.04
	0.05


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%). c, m, r and or - core, middle, rim and outermost rim of crystals.
Table S1 (cont.). Chemical composition (WDS, wt.%) of rippite from the Chuktukon calciocarbonatite, 

Chadobets upland, Siberia, Russia.

	Sample
	Ideal K2Nb2(Si4O12)O2
	549-192
	549-192
	549-192
	549-192
	549-192

	WDS analysis
	58
	235
	236
	237
	245

	Grain 
	
	R9-Rip8
	R5-3-3
	R5-3-3
	R5-3-3
	R5-7-2

	EDS Spot
	
	new
	new
	new
	new
	new

	Position
	
	or
	inc
	inc
	inc
	inc

	SiO2
	40.03
	40.94
	40.44
	40.26
	40.75
	40.17

	TiO2
	
	3.79
	1.94
	1.17
	3.39
	0.80

	ZrO2
	
	0.22
	1.07
	1.21
	0.36
	0.52

	Nb2O5
	44.28
	38.70
	40.32
	41.24
	39.00
	42.52

	Na2O
	
	0.03
	0.06
	0.05
	0.06
	0.03

	K2O
	15.69
	15.99
	15.76
	15.70
	15.89
	15.71

	H2O
	
	
	
	
	
	

	F
	
	0.82
	0.62
	0.46
	0.84
	0.55

	Sum
	0.00
	100.50
	100.21
	100.09
	100.29
	100.31

	O-F2
	0.00
	0.35
	0.26
	0.19
	0.35
	0.23

	Sum
	100.00
	100.15
	99.95
	99.90
	99.94
	100.07

	Formula based on 8 cations
	
	
	
	

	Si
	4.000
	4.001
	4.000
	4.001
	4.000
	4.000

	
	
	
	
	
	
	

	Ti
	0.000
	0.279
	0.144
	0.087
	0.250
	0.060

	Zr
	0.000
	0.010
	0.052
	0.059
	0.017
	0.025

	Nb
	2.000
	1.710
	1.803
	1.853
	1.731
	1.914

	Sum
	2.000
	1.999
	1.999
	1.999
	1.999
	1.999

	Na
	0.000
	0.006
	0.012
	0.010
	0.011
	0.006

	K
	2.000
	1.994
	1.989
	1.990
	1.990
	1.995

	Sum
	2.000
	1.999
	2.000
	2.000
	2.001
	2.001

	H
	
	
	
	
	
	

	F
	0.000
	0.254
	0.193
	0.144
	0.261
	0.174

	End-members, mol.%
	
	
	
	
	

	K2Nb2(Si4O12)O2
	1.00
	0.86
	0.90
	0.93
	0.87
	0.96

	K2Ti2(Si4O12)(F,OH)2
	0.00
	0.14
	0.10
	0.07
	0.13
	0.04


Notes: Ta2O5, BaO, SrO, FeO, Al2O3, MgO, MnO and CaO are below detection limits (<0.005 wt%).

c, m, r and or - core, middle, rim and outermost rim of crystals.

