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S1. Method to determine CEC

Samples (10 g) were saturated with a buffered 1.0 M ammonium acetate (NH4-Ac) solution (250 mL). The NH4-Ac leachates were analyzed for Na, K, Ca, Mg, Fe, Mn and Al by ICP-OES. The solid was then leached with an unbuffered 1.0 M potassium chloride solution (250 mL). The final KCl leachates were analyzed for NH4-N (which is the mass concentration of N atoms present is ammonia) by colorimetry (SmartChem) and CEC values were calculated in milli-equivalents per 100 g of dry sample (meq/100 g) or centimoles of charge per kg (cmol/kg). CEC (in meq/100 g or cmol (+)/kg) was calculated using the formula:
  	(1)

where: 
· C is the concentration (in mg/L) of each cation i measured by ICP-OES or NH4-N measured by colorimetry 
· V is the final extracted volume (0.250 L)
· EW is the equivalent weight (in mg/meq) for each cation i: Ca = 20, K = 39, Na = 23, Mg = 12 and N= 14 
· SW is the mass of dry sample (in g) used for the analysis (10 g)


S2. PONKCS method

The PONKCS method (Scarlett and Madsen, 2006) allows for quantification of multiple disordered phases using structureless pattern fitting. PONKCS models were prepared using XRD patterns collected from 50:50 wt% mixtures of (1) lizardite originally sourced from The University of British Columbia and NIST 676a α-Al2O3 and (2) Ca-exchanged SWy-2 montmorillonite obtained from the Clay Minerals Society Source Clay Repository and NIST 676a α-Al2O3. Unit-cell parameters and space groups were obtained from Mellini and Viti (1994) for lizardite and from Viani et al. (2002) for Ca-montmorillonite as a proxy for the Ca-saponite most commonly found in kimberlites (O’Gorman and Kitchener, 1974). Peaks for these two clay phases were fitted using the Pawley method (Pawley 1981), without reference to atomic scattering information, to refine a calibrated mass, ZM, value for the unit cell of each phase. Fundamental parameters peak fitting (Cheary and Coehlo, 1998) was used for all phases. The March-Dollase correction (March, 1932; Dollase, 1986) for preferred orientation was used to model the peaks of phlogopite. PONKCS models were calibrated to the specific geometry of our XRD and tested for accuracy and precision using a set of five weighed mixtures of synthetic kimberlites (Wang et al., In prep.).

S3. Emissions offset potential calculations

The emissions offset potential results are reported in the main text (Table 3). We used the concentrations of Mg and Ca extracted during CEC analyses and measured in the NH4-acetate leachates (in mg/L) by ICP-OES for these calculations (see section S1 above). The exchangeable Mg and Ca contents for each sample were converted from mg/L to mg/kg considering 10 g of dry sample were exchanged within 250 mL of CEC solution (see section S1). Mineral eq, the equivalent proportion (in wt.%) of either brucite [Mg(OH)2] or portlandite [Ca(OH)2] that would contain these amounts of Mg and Ca if they were present in the rock sample were then calculated using (2). We can then use brucite eq and portlandite eq for comparison with the mass abundances of these traditional reactive minerals in other ores, mine residues and different types of mineral waste.

 		(2)

Where M is the mass fraction (%) of the element in the mineral (e.g., Mg comprises 41.58 % of the mass of brucite) and C the concentration of the relevant cation in the leachate (Mg for brucite) in mg/kg. 

Polyhydrated Mg-carbonates such as hydromagnesite [Mg₅(CO₃)₄(OH)₂·4H₂O] and Ca-carbonates such as calcite (CaCO3) are the most likely phases to precipitate at ambient temperature. The amounts of hydromagnesite and calcite that could be produced from the extracted Mg and Ca were calculated using equation 3. Here, the equivalent CO2 (in wt.%) stored within secondary carbonate minerals (e.g., hydromagnesite) was calculated using the mass fraction of CO2, which we name the storage factor (SF), in the mineral (0.3764 for hydromagnesite). The same calculation was done to obtain the equivalent CO2 stored within calcite (SF = 0.4397).

		(3)

For Venetia, we considered CO2 stored in hydromagnesite only because most of the Ca likely originated from calcite dissolution. For Gahcho Kué, we considered the CO2 stored in both calcite and hydromagnesite since bedrock calcite is absent or present only in small amounts. Considering the annual tailings production (ATP) of 4.74 Mt/year at Venetia and 0.91 Mt/year at Gahcho Kué, as reported by Mervine et al. (2018), we calculated the annual mass of CO2 which could be stored (in t CO2/year) using equation 4:

	(4)

Last, the offset potential (in %) was calculated using the annual CO2 emissions (Annual CO2 em) of the two mines as reported by Mervine et al. (2018): 0.91 Mt CO2/year for Venetia and 0.084 Mt CO2 per year at Gahcho Kué, using equation 5: 

	(5)
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Table S1. Bulk elemental chemistry of the studied samples from Gahcho Kué and Venetia mines
	Sample
	Total C
	TIC
	TOC
	S
	Al
	Ba
	Be
	Ca
	Cr
	Cu
	Fe
	K
	Li
	Mg
	Mn
	Ni
	P
	Sc
	Si
	Sr

	 
	%
	%
	%
	%
	%
	ppm
	ppm
	%
	ppm
	ppm
	%
	%
	ppm
	%
	ppm
	ppm
	%
	ppm
	%
	ppm

	17VEN-K1-KIMB1
	1.13
	1.11
	0.02
	0.026
	2.14
	910
	<5
	5
	1370
	30
	6.16
	1.5
	20
	17
	1090
	1200
	0.16
	16
	16.2
	530

	17VEN-K1-KIMB2
	0.947
	0.93
	0.017
	0.026
	1.75
	1040
	<5
	5.2
	1380
	40
	5.66
	1.5
	<10
	18.1
	1000
	1220
	0.18
	15
	17
	750

	17VEN-K1-KIMB3
	0.633
	0.59
	0.043
	0.03
	2.12
	870
	<5
	5
	1360
	60
	5.71
	2.1
	30
	15.8
	1140
	1140
	0.14
	14
	18.4
	560

	17VEN-K2-KIMB1
	0.375
	0.21
	0.165
	0.064
	2.91
	2660
	<5
	5.6
	730
	70
	6.45
	0.9
	20
	13.2
	1320
	915
	0.1
	15
	19.4
	630

	17VEN-K2-KIMB2
	1.16
	0.91
	0.25
	0.035
	3.29
	970
	<5
	5.8
	770
	50
	5.6
	1.8
	40
	11.9
	1420
	646
	0.17
	17
	17.9
	610

	17VEN-K3-KIMB1
	0.552
	0.54
	0.012
	0.056
	2.3
	1040
	<5
	5.7
	1070
	50
	5.48
	1.8
	40
	16.2
	1440
	973
	0.18
	14
	17.7
	650

	17VEN-K3-KIMB2
	0.132
	0.11
	0.022
	0.068
	2.78
	1030
	<5
	6.3
	1110
	70
	6.68
	1.9
	30
	14.8
	1540
	888
	0.19
	19
	18.2
	490

	17VEN-K3-KIMB3
	0.367
	0.31
	0.057
	0.046
	2.95
	970
	<5
	6.2
	790
	70
	6.24
	2.6
	30
	13.6
	1590
	877
	0.15
	17
	19.2
	510

	17VEN-K3-KIMB4
	0.76
	0.7
	0.06
	0.065
	1.63
	1080
	<5
	6.3
	1180
	40
	6.41
	1
	<10
	17.1
	1900
	977
	0.25
	15
	16.4
	760

	17VEN-CRD-SampleA
	0.743
	0.71
	0.033
	0.045
	2.55
	880
	<5
	4.9
	1010
	70
	5.78
	1.5
	20
	15
	1100
	1060
	0.14
	15
	19.1
	560

	17VEN-CRD-SampleB
	0.596
	0.58
	0.016
	0.024
	4
	700
	<5
	5.1
	560
	50
	5.45
	1.5
	20
	9.96
	1080
	648
	0.11
	17
	20.9
	470

	17VEN-CRD1-01A
	0.863
	0.69
	0.173
	0.035
	2.55
	910
	<5
	5
	1070
	60
	5.81
	1.6
	20
	15.2
	1110
	1010
	0.15
	15
	19.1
	580

	17VEN-FRD2-SampleA-Cycl
	0.505
	0.41
	0.095
	0.048
	3.88
	720
	<5
	4.2
	590
	60
	5.63
	1.8
	20
	10.2
	1030
	705
	0.09
	17
	21
	400

	17VEN-FRD1-06a
	0.597
	0.54
	0.057
	0.062
	4.26
	750
	<5
	4.7
	620
	60
	5.48
	1.8
	30
	9.11
	1250
	550
	0.11
	17
	21.5
	390

	17VEN-FRD2-11A
	0.629
	0.59
	0.039
	0.114
	3.06
	760
	<5
	4.4
	740
	50
	5.41
	1.3
	20
	13.5
	980
	963
	0.11
	12
	18.3
	420

	17VEN-FRD2-12A
	0.702
	0.63
	0.072
	0.104
	3.06
	820
	<5
	4.7
	730
	60
	5.62
	1.3
	20
	13.9
	990
	1010
	0.12
	12
	18.1
	460

	17VEN-FRD2-13A
	0.48
	0.45
	0.03
	0.063
	3.06
	760
	<5
	4.5
	720
	60
	5.5
	1.1
	30
	13.8
	1020
	953
	0.09
	12
	19.6
	430

	17GK-21
	0.11
	0.08
	0.03
	0.018
	1.55
	1120
	<5
	4
	1470
	50
	5.59
	1.2
	20
	18.8
	1030
	1350
	0.14
	10
	17.9
	520

	17GK-22
	0.251
	0.24
	0.011
	0.063
	1.32
	400
	<5
	0.9
	1340
	120
	5.31
	0.4
	20
	21.4
	1060
	1250
	0.15
	10
	17
	390

	17GK-23
	0.066
	0.03
	0.036
	0.02
	1.5
	1230
	<5
	2.9
	1420
	50
	5.76
	1.4
	20
	19
	1020
	1440
	0.18
	10
	18
	600

	17GK-J-24
	0.034
	<0.01
	0.034
	0.012
	2.96
	740
	<5
	0.9
	1120
	60
	4.27
	1.3
	100
	15.2
	380
	941
	0.08
	8
	19.8
	310




Table S1. Continued
	Sample
	Ti
	V
	Zn
	Ag
	As
	Bi
	Cd
	Ce
	Co
	Cs
	Dy
	Er
	Eu
	Ga
	Gd
	Ge
	Hf
	Ho
	In
	La

	 
	%
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm

	17VEN-K1-KIMB1
	0.6
	121
	60
	<1
	<5
	<0.1
	<0.2
	126
	87.6
	3.4
	2.31
	1.03
	1.59
	7
	4.1
	<1
	2
	0.44
	<0.2
	73.4

	17VEN-K1-KIMB2
	0.59
	73
	51
	<1
	<5
	<0.1
	<0.2
	143
	81.6
	1.7
	2.45
	0.91
	1.85
	6
	4.54
	<1
	2
	0.4
	<0.2
	84.2

	17VEN-K1-KIMB3
	0.49
	77
	47
	<1
	<5
	<0.1
	<0.2
	119
	79.5
	3.2
	2.22
	0.99
	1.45
	8
	3.82
	1
	2
	0.38
	<0.2
	68.5

	17VEN-K2-KIMB1
	0.39
	104
	68
	<1
	<5
	<0.1
	<0.2
	78.6
	79
	2.3
	2.32
	1.2
	1.22
	8
	3.33
	1
	2
	0.45
	<0.2
	43.1

	17VEN-K2-KIMB2
	0.49
	109
	365
	<1
	<5
	0.1
	1.2
	122
	54
	5.5
	3.21
	1.59
	1.51
	10
	4.7
	1
	3
	0.6
	<0.2
	74.1

	17VEN-K3-KIMB1
	0.45
	90
	57
	<1
	<5
	<0.1
	<0.2
	126
	72.3
	2.7
	2.39
	1.01
	1.6
	7
	4.29
	<1
	2
	0.43
	<0.2
	73.2

	17VEN-K3-KIMB2
	0.63
	146
	81
	<1
	<5
	<0.1
	0.3
	134
	71
	3.2
	3.66
	1.73
	2.03
	8
	5.37
	1
	3
	0.67
	<0.2
	78.7

	17VEN-K3-KIMB3
	0.47
	110
	102
	<1
	<5
	<0.1
	0.3
	105
	66.8
	4.5
	2.73
	1.31
	1.48
	10
	3.95
	1
	3
	0.49
	<0.2
	62.3

	17VEN-K3-KIMB4
	0.62
	130
	114
	<1
	<5
	<0.1
	0.5
	183
	77.1
	1.8
	3.1
	1.21
	2.26
	6
	5.74
	<1
	3
	0.51
	<0.2
	107

	17VEN-CRD-SampleA
	0.49
	98
	56
	<1
	<5
	<0.1
	<0.2
	112
	79.7
	3
	2.63
	1.24
	1.52
	8
	4.11
	<1
	3
	0.46
	<0.2
	64.9

	17VEN-CRD-SampleB
	0.43
	109
	63
	<1
	<5
	0.2
	<0.2
	91
	53.4
	2.7
	3.37
	1.83
	1.45
	10
	4.21
	1
	3
	0.69
	<0.2
	54.3

	17VEN-CRD1-01A
	0.54
	104
	54
	2
	<5
	<0.1
	<0.2
	121
	76.8
	2.5
	2.71
	1.26
	1.54
	8
	4.31
	1
	3
	0.47
	<0.2
	69.6

	17VEN-FRD2-SampleA-Cycl
	0.47
	109
	76
	<1
	<5
	0.2
	<0.2
	93.9
	58.6
	3.3
	4.38
	2.74
	1.32
	11
	4.55
	1
	4
	0.88
	<0.2
	51.6

	17VEN-FRD1-06a
	0.44
	114
	96
	<1
	<5
	0.2
	0.2
	88
	56.6
	3
	3.65
	1.84
	1.34
	12
	4.51
	1
	3
	0.67
	<0.2
	50.4

	17VEN-FRD2-11A
	0.37
	87
	76
	<1
	<5
	<0.1
	<0.2
	85.5
	70.2
	3.4
	2.18
	1.02
	1.13
	9
	3.21
	<1
	2
	0.39
	<0.2
	49.3

	17VEN-FRD2-12A
	0.38
	86
	71
	<1
	<5
	<0.1
	<0.2
	86.8
	72.1
	3.6
	2.14
	1.02
	1.12
	9
	3.23
	<1
	2
	0.39
	<0.2
	49.4

	17VEN-FRD2-13A
	0.35
	86
	69
	<1
	<5
	<0.1
	<0.2
	77.2
	72.7
	3.5
	2.14
	1.13
	1.02
	9
	3.07
	<1
	2
	0.39
	<0.2
	44

	17GK-21
	0.36
	42
	49
	<1
	<5
	<0.1
	<0.2
	161
	92.9
	0.7
	1.77
	0.55
	1.67
	6
	4
	<1
	2
	0.26
	<0.2
	97.1

	17GK-22
	0.33
	92
	39
	<1
	<5
	<0.1
	<0.2
	175
	82.3
	0.5
	1.62
	0.55
	1.68
	4
	3.91
	<1
	2
	0.26
	<0.2
	91.4

	17GK-23
	0.36
	101
	56
	<1
	<5
	<0.1
	<0.2
	164
	84.6
	1.1
	1.88
	0.63
	1.61
	6
	4.02
	<1
	2
	0.27
	<0.2
	100

	17GK-J-24
	0.31
	54
	21
	<1
	<5
	<0.1
	<0.2
	148
	58.7
	0.4
	1.72
	0.58
	1.51
	9
	3.94
	<1
	3
	0.26
	<0.2
	84.2





Table S1. Continued
	Sample
	Lu
	Mo
	Nb
	Nd
	Pb
	Pr
	Rb
	Sb
	Sm
	Sn
	Ta
	Tb
	Th
	Tl
	Tm
	U
	W
	Y
	Yb
	Zr
	LOI

	 
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	ppm
	%

	17VEN-K1-KIMB1
	0.18
	<2
	109
	45.6
	5
	13.6
	78.1
	0.1
	6.3
	<1
	6.2
	0.5
	12.5
	<0.5
	0.18
	3.44
	9
	10.1
	0.8
	82.6
	13.1

	17VEN-K1-KIMB2
	0.1
	<2
	149
	50.7
	<5
	15.12
	79.2
	<0.1
	7
	<1
	9.4
	0.53
	13.7
	<0.5
	0.12
	2.98
	7
	9.6
	0.7
	86.1
	12.7

	17VEN-K1-KIMB3
	0.13
	<2
	104
	42.4
	6
	12.43
	105
	0.1
	5.8
	<1
	5.9
	0.47
	13.2
	<0.5
	0.13
	2.78
	<1
	9.5
	0.8
	84.8
	9.33

	17VEN-K2-KIMB1
	0.17
	<2
	63
	28.7
	15
	8.23
	60.1
	<0.1
	4.6
	1
	3.3
	0.45
	8.8
	<0.5
	0.17
	2.48
	7
	11.9
	1.2
	81.3
	10.2

	17VEN-K2-KIMB2
	0.22
	<2
	101
	43.4
	34
	12.74
	127
	<0.1
	6.5
	2
	4.9
	0.62
	15.1
	<0.5
	0.23
	3.75
	7
	15.4
	1.3
	95.5
	12.7

	17VEN-K3-KIMB1
	0.12
	<2
	116
	44.8
	6
	12.78
	120
	0.1
	6.3
	<1
	5.7
	0.5
	13.4
	<0.5
	0.14
	2.93
	8
	11.2
	0.9
	86.8
	10.4

	17VEN-K3-KIMB2
	0.23
	<2
	121
	49.8
	7
	14.25
	122
	0.2
	7.2
	1
	6.1
	0.67
	13.7
	<0.5
	0.24
	3.01
	11
	17.3
	1.5
	107
	8.67

	17VEN-K3-KIMB3
	0.15
	<2
	92
	37.2
	11
	11.2
	140
	0.1
	5.8
	1
	4.4
	0.52
	12.2
	<0.5
	0.19
	3.14
	8
	13.5
	1.1
	90.8
	8.36

	17VEN-K3-KIMB4
	0.12
	<2
	168
	62.6
	10
	18.37
	105
	0.2
	8.8
	1
	8.5
	0.65
	18.1
	<0.5
	0.15
	4.45
	11
	13.2
	0.9
	96.8
	12.2

	17VEN-CRD-SampleA
	0.14
	<2
	106
	40.2
	10
	11.73
	84.9
	0.1
	5.9
	1
	5.8
	0.51
	11.6
	<0.5
	0.17
	2.8
	18
	12.5
	1
	103
	11.6

	17VEN-CRD-SampleB
	0.27
	<2
	65
	34
	21
	9.97
	75.5
	0.9
	5.5
	2
	3.6
	0.63
	10.5
	0.7
	0.28
	2.52
	18
	16.8
	1.7
	103
	8.29

	17VEN-CRD1-01A
	0.14
	<2
	110
	44
	9
	12.69
	87
	0.1
	6.3
	1
	6.6
	0.53
	13.5
	<0.5
	0.18
	3.07
	14
	12.4
	1
	88.1
	11.2

	17VEN-FRD2-SampleA-Cycl
	0.41
	<2
	56
	35.9
	12
	10.14
	86.7
	0.2
	5.6
	2
	3.1
	0.72
	12.9
	<0.5
	0.42
	3.45
	3
	24.8
	2.8
	157
	7.93

	17VEN-FRD1-06a
	0.25
	<2
	63
	33.1
	16
	9.42
	94.2
	<0.1
	5.6
	2
	3.4
	0.66
	12.3
	<0.5
	0.27
	4.5
	1
	18.4
	1.7
	102
	7.7

	17VEN-FRD2-11A
	0.13
	8
	70
	31
	11
	8.88
	78.7
	<0.1
	4.5
	1
	3.9
	0.42
	9.6
	<0.5
	0.15
	2.57
	1
	10.6
	0.9
	85.4
	12.9

	17VEN-FRD2-12A
	0.13
	7
	72
	31.2
	11
	9.02
	83.8
	0.1
	4.5
	1
	3.8
	0.41
	10.3
	<0.5
	0.14
	2.56
	1
	10.4
	0.8
	72.6
	12.7

	17VEN-FRD2-13A
	0.15
	3
	62
	28
	11
	8.08
	76.8
	<0.1
	4.1
	1
	3.2
	0.41
	9.3
	<0.5
	0.15
	2.56
	1
	10.7
	0.9
	73.8
	12.6

	17GK-21
	<0.05
	<2
	109
	52.8
	12
	16.43
	74.9
	<0.1
	6.8
	<1
	6.2
	0.45
	15.7
	<0.5
	0.06
	2.32
	5
	6.7
	0.3
	60
	11.4

	17GK-22
	<0.05
	<2
	114
	58.5
	<5
	18.11
	37.6
	0.1
	7.1
	<1
	5.6
	0.43
	15
	<0.5
	0.07
	2.7
	3
	6.7
	0.3
	70.6
	15.6

	17GK-23
	0.05
	<2
	120
	53.3
	13
	16.38
	103
	0.2
	7
	<1
	6.5
	0.43
	15.3
	<0.5
	0.07
	2.53
	10
	7
	0.4
	66.8
	11.2

	17GK-J-24
	0.06
	<2
	90
	51.6
	<5
	15.4
	57.6
	<0.1
	6.9
	<1
	4.6
	0.43
	17.9
	<0.5
	0.07
	1.91
	3
	6.5
	0.4
	92.3
	14.8



Table S1. Continued
	Sample
	SiO2
	Al2O3
	Fe2O3
	MgO
	CaO
	K2O
	Na2O
	TiO2
	MnO
	P2O5
	Cr2O3
	V2O5
	Sum

	 
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%
	%

	17VEN-K1-KIMB1
	35.1
	4.18
	8.67
	28.2
	7.06
	1.81
	0.18
	1.03
	0.14
	0.39
	0.22
	0.02
	100.1

	17VEN-K1-KIMB2
	35
	3.44
	7.95
	29.4
	7.72
	1.75
	0.15
	1.02
	0.12
	0.41
	0.22
	0.01
	99.9

	17VEN-K1-KIMB3
	39.9
	4.28
	8.09
	27
	7.46
	2.53
	0.38
	0.89
	0.15
	0.32
	0.21
	0.01
	100.6

	17VEN-K2-KIMB1
	42.1
	5.69
	8.84
	21.8
	8.19
	1.02
	1.12
	0.69
	0.17
	0.24
	0.12
	0.02
	100.2

	17VEN-K2-KIMB2
	39
	6.72
	7.85
	20
	8.74
	2.26
	1
	0.88
	0.18
	0.38
	0.12
	0.02
	99.8

	17VEN-K3-KIMB1
	37.3
	4.54
	7.86
	26.9
	8.78
	2.23
	0.19
	0.79
	0.19
	0.44
	0.16
	0.02
	99.7

	17VEN-K3-KIMB2
	37.8
	5.38
	9.41
	24.4
	9.51
	2.24
	0.56
	1.07
	0.19
	0.45
	0.16
	0.03
	99.9

	17VEN-K3-KIMB3
	40.3
	5.77
	8.29
	22.6
	8.74
	3.11
	1.15
	0.78
	0.2
	0.35
	0.13
	0.02
	99.8

	17VEN-K3-KIMB4
	34.4
	3.31
	9.32
	28
	9.59
	1.21
	0.07
	1.06
	0.24
	0.6
	0.19
	0.03
	100.2

	17VEN-CRD-SampleA
	40.1
	4.97
	8.01
	24.8
	7.1
	1.75
	0.86
	0.84
	0.14
	0.34
	0.16
	0.02
	100.7

	17VEN-CRD-SampleB
	46.2
	7.86
	7.84
	17.4
	7.81
	1.85
	1.67
	0.8
	0.14
	0.27
	0.11
	0.02
	100.3

	17VEN-CRD1-01A
	39.3
	5.02
	8.18
	24.9
	7.36
	1.93
	0.77
	0.91
	0.14
	0.37
	0.17
	0.02
	100.3

	17VEN-FRD2-SampleA-Cycl
	47.8
	8.02
	7.98
	17.4
	6.13
	2.19
	1.41
	0.81
	0.14
	0.24
	0.12
	0.02
	100.1

	17VEN-FRD1-06a
	48.2
	8.71
	7.94
	15.2
	7.23
	2.21
	1.54
	0.75
	0.17
	0.25
	0.1
	0.03
	100

	17VEN-FRD2-11A
	39.3
	6.09
	7.74
	22.7
	6.56
	1.59
	2.1
	0.65
	0.13
	0.27
	0.12
	0.02
	100.3

	17VEN-FRD2-12A
	39.4
	6.04
	7.76
	23.2
	6.64
	1.59
	1.66
	0.64
	0.13
	0.28
	0.11
	0.01
	100.1

	17VEN-FRD2-13A
	40.7
	6.15
	7.78
	22.7
	6.37
	1.37
	1.56
	0.6
	0.13
	0.23
	0.11
	<0.01
	100.3

	17GK-21
	38.5
	3.03
	7.72
	30.8
	5.82
	1.47
	0.36
	0.6
	0.13
	0.35
	0.23
	0.01
	100.4

	17GK-22
	37.3
	2.6
	7.22
	35
	1.24
	0.45
	0.07
	0.55
	0.14
	0.36
	0.22
	0.02
	100.8

	17GK-23
	39.1
	3
	8
	31.4
	4.17
	1.78
	0.38
	0.62
	0.14
	0.42
	0.24
	0.02
	100.5

	17GK-J-24
	44.2
	5.95
	5.95
	25.2
	1.38
	1.62
	0.32
	0.53
	0.04
	0.21
	0.17
	0.01
	100.4





Table S2. Cation Exchange Capacity and BET surface area
	Sample
	Pulverized
	BET
	Cations measured in the NH4-Ac. leachates by ICP-AES 
	Normalized to 1 kg of rock

	
	
	
	Na
	Mg
	K
	Ca
	Mn
	Fe
	Al
	Na
	Mg
	K
	Ca

	
	
	m2/g
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	mg/L
	g/kg
	g/kg
	g/kg
	g/kg

	17VEN-K1-KIMB1
	✓
	23.35
	21.26
	70.89
	28.54
	362.35
	0.04
	0.01
	0.05
	0.53
	1.77
	0.71
	9.06

	17VEN-K1-KIMB2 
	✓
	11.19
	9.41
	44.43
	11.99
	327.57
	0.07
	0.00
	0.07
	0.24
	1.11
	0.30
	8.19

	17VEN-K1-KIMB3 
	✓
	12.42
	23.73
	34.12
	16.83
	182.56
	0.29
	0.11
	0.02
	0.59
	0.85
	0.42
	4.56

	17VEN-K2-KIMB1 
	✓
	19.34
	112.77
	22.26
	18.35
	281.20
	0.04
	0.02
	0.03
	2.82
	0.56
	0.46
	7.03

	17VEN-K2-KIMB2 
	✓
	20.11
	157.24
	20.80
	27.89
	417.01
	0.07
	0.01
	0.03
	3.93
	0.52
	0.70
	10.43

	17VEN-K3-KIMB1
	✓
	17.10
	23.34
	36.20
	16.43
	323.49
	0.13
	0.00
	<0.008
	0.58
	0.90
	0.41
	8.09

	17VEN-K3-KIMB2
	✓
	15.16
	20.33
	62.36
	22.97
	145.24
	0.16
	0.01
	0.02
	0.51
	1.56
	0.57
	3.63

	17VEN-K3-KIMB3
	✓
	14.09
	58.18
	21.03
	33.77
	286.80
	0.08
	0.00
	0.02
	1.45
	0.53
	0.84
	7.17

	17VEN-K3-KIMB4 
	✓
	10.07
	9.28
	55.72
	9.84
	321.02
	0.28
	0.02
	0.04
	0.23
	1.39
	0.25
	8.03

	17VEN-CRD-sampleA
	✓
	25.31
	69.79
	66.26
	56.67
	334.85
	0.07
	0.01
	0.03
	1.74
	1.66
	1.42
	8.37

	17VEN-CRD-SampleB
	✓
	12.46
	66.90
	21.79
	25.70
	325.26
	0.10
	0.01
	0.02
	1.67
	0.54
	0.64
	8.13

	17VEN-CRD-SampleB
	X
	6.09
	52.51
	3.18
	12.59
	61.10
	0.03
	0.02
	0.01
	1.31
	0.08
	0.31
	1.53

	17VEN-CRD1-01A
	✓
	18.76
	49.04
	62.07
	38.05
	356.19
	0.05
	0.01
	0.02
	1.23
	1.55
	0.95
	8.90

	17VEN-FRD2-SampleA-Cycl
	✓
	12.19
	108.69
	15.87
	25.87
	259.79
	0.26
	0.01
	0.01
	2.72
	0.40
	0.65
	6.49

	17VEN-FRD1-06a
	✓
	7.61
	100.30
	13.25
	17.70
	233.82
	0.37
	0.01
	0.02
	2.51
	0.33
	0.44
	5.85

	17VEN-FRD2-11A 
	✓
	17.41
	505.04
	15.30
	63.83
	358.85
	0.05
	<0.001
	0.02
	12.63
	0.38
	1.60
	8.97

	17GK-21
	✓
	14.68
	3.11
	85.46
	12.96
	118.48
	0.06
	0.02
	0.02
	0.08
	2.14
	0.32
	2.96

	17GK-22
	✓
	44.97
	1.12
	84.19
	3.73
	69.41
	0.07
	0.03
	<0.008
	0.03
	2.10
	0.09
	1.74

	17GK-23 
	✓
	14.76
	4.36
	42.62
	14.28
	67.10
	0.06
	<0.001
	0.01
	0.11
	1.07
	0.36
	1.68

	17GK-J-24 
	✓
	44.57
	7.87
	95.30
	9.18
	269.41
	0.03
	0.01
	<0.008
	0.20
	2.38
	0.23
	6.74





Table S2. Continued
	Sample
	Cations measured in the NH4-Ac. leachates by ICP-AES 
	BET corrected

	
	Na
	Mg
	K
	Ca
	Mn
	Fe
	Al
	Na
	Mg
	K
	Ca

	
	cmol(+)/kg
	cmol(+)/kg
	cmol(+)/kg
	cmol(+)/kg
	cmol(+)/kg
	cmol(+)/kg
	cmol(+)/kg
	cmol(+)/m2
	cmol(+)/m2
	cmol(+)/m2
	cmol(+)/m2

	17VEN-K1-KIMB1
	2.31
	14.59
	1.83
	45.29
	0.00
	0.00
	0.01
	0.00010
	0.00062
	0.00008
	0.00194

	17VEN-K1-KIMB2 
	1.02
	9.14
	0.77
	40.95
	0.01
	0.00
	0.02
	0.00009
	0.00082
	0.00007
	0.00366

	17VEN-K1-KIMB3 
	2.58
	7.02
	1.08
	22.82
	0.03
	0.00
	0.01
	0.00021
	0.00057
	0.00009
	0.00184

	17VEN-K2-KIMB1 
	12.26
	4.58
	1.17
	35.15
	0.00
	0.00
	0.01
	0.00063
	0.00024
	0.00006
	0.00182

	17VEN-K2-KIMB2 
	17.10
	4.28
	1.79
	52.13
	0.01
	0.00
	0.01
	0.00085
	0.00021
	0.00009
	0.00259

	17VEN-K3-KIMB1
	2.54
	7.45
	1.05
	40.44
	0.01
	0.00
	0.00
	0.00015
	0.00044
	0.00006
	0.00236

	17VEN-K3-KIMB2
	2.21
	12.83
	1.47
	18.15
	0.01
	0.00
	0.01
	0.00015
	0.00085
	0.00010
	0.00120

	17VEN-K3-KIMB3
	6.33
	4.33
	2.16
	35.85
	0.01
	0.00
	0.00
	0.00045
	0.00031
	0.00015
	0.00254

	17VEN-K3-KIMB4 
	1.01
	11.47
	0.63
	40.13
	0.03
	0.00
	0.01
	0.00010
	0.00114
	0.00006
	0.00398

	17VEN-CRD-sampleA
	7.59
	13.63
	3.63
	41.86
	0.01
	0.00
	0.01
	0.00030
	0.00054
	0.00014
	0.00165

	17VEN-CRD-SampleB
	7.28
	4.48
	1.64
	40.66
	0.01
	0.00
	0.01
	0.00058
	0.00036
	0.00013
	0.00326

	17VEN-CRD-SampleB
	5.71
	0.65
	0.81
	7.64
	0.00
	0.00
	0.00
	0.00094
	0.00011
	0.00013
	0.00125

	17VEN-CRD1-01A
	5.33
	12.77
	2.44
	44.52
	0.00
	0.00
	0.00
	0.00028
	0.00068
	0.00013
	0.00237

	17VEN-FRD2-SampleA-Cycl
	11.82
	3.27
	1.66
	32.47
	0.02
	0.00
	0.00
	0.00097
	0.00027
	0.00014
	0.00266

	17VEN-FRD1-06a
	10.91
	2.73
	1.13
	29.23
	0.03
	0.00
	0.00
	0.00143
	0.00036
	0.00015
	0.00384

	17VEN-FRD2-11A 
	54.92
	3.15
	4.08
	44.86
	0.00
	0.00
	0.00
	0.00315
	0.00018
	0.00023
	0.00258

	17GK-21
	0.34
	17.58
	0.83
	14.81
	0.01
	0.00
	0.01
	0.00002
	0.00120
	0.00006
	0.00101

	17GK-22
	0.12
	17.32
	0.24
	8.68
	0.01
	0.00
	0.00
	0.00000
	0.00039
	0.00001
	0.00019

	17GK-23 
	0.47
	8.77
	0.91
	8.39
	0.01
	0.00
	0.00
	0.00003
	0.00059
	0.00006
	0.00057

	17GK-J-24 
	0.86
	19.61
	0.59
	33.68
	0.00
	0.00
	0.00
	0.00002
	0.00044
	0.00001
	0.00076






Table S2. Continued
	Sample
	CEC (cations)
	 CEC (NH4-N)

	
	CEC-cations
	CEC-cations (BET norm.) 
	NH4-N
	CEC-NH4-N (BET norm.) 

	
	cmol(+)/kg
	cmol(+)/m2 
	mg/L
	cmol(+)/kg
	cmol(+)/m2 

	17VEN-K1-KIMB1
	64.03
	0.0027
	40.67
	7.263
	0.00031

	17VEN-K1-KIMB2 
	51.90
	0.0046
	23.72
	4.236
	0.00038

	17VEN-K1-KIMB3 
	33.54
	0.0027
	29.61
	5.287
	0.00043

	17VEN-K2-KIMB1 
	53.18
	0.0028
	153.78
	27.462
	0.00142

	17VEN-K2-KIMB2 
	75.31
	0.0037
	197.66
	35.297
	0.00175

	17VEN-K3-KIMB1
	51.49
	0.0030
	48.29
	8.624
	0.00050

	17VEN-K3-KIMB2
	34.69
	0.0023
	39.32
	7.021
	0.00046

	17VEN-K3-KIMB3
	48.68
	0.0035
	61.38
	10.961
	0.00078

	17VEN-K3-KIMB4 
	53.27
	0.0053
	20.82
	3.719
	0.00037

	17VEN-CRD-sampleA
	66.72
	0.0026
	100.80
	18.000
	0.00071

	17VEN-CRD-SampleB
	54.08
	0.0043
	68.86
	12.296
	0.00099

	17VEN-CRD-SampleB
	14.81
	0.0024
	14.01
	2.502
	0.00041

	17VEN-CRD1-01A
	65.07
	0.0035
	63.43
	11.327
	0.00060

	17VEN-FRD2-SampleA-Cycl
	49.24
	0.0040
	144.25
	25.759
	0.00211

	17VEN-FRD1-06a
	44.03
	0.0058
	122.01
	21.788
	0.00286

	17VEN-FRD2-11A 
	107.02
	0.0061
	182.84
	32.651
	0.00188

	17GK-21
	33.57
	0.0023
	28.91
	5.162
	0.00035

	17GK-22
	26.37
	0.0006
	35.23
	6.291
	0.00014

	17GK-23 
	18.55
	0.0013
	38.81
	6.930
	0.00047

	17GK-J-24 
	54.73
	0.0012
	281.72
	50.307
	0.00113





FIGURES

[image: ]
Fig. S1. Rietveld refinement plot for kimberlite ore sample, 17VEN-K2-KIMB1 (MVK facies). X-ray diffraction data (blue curve), the modelled fit to the data (red), residual intensity (grey) and fits to individual mineral phases (colors as marked in the legend) are displayed. The positions of Bragg peaks for each phase employed in the model are indicated as short vertical lines beneath the observed and modelled XRD patterns. The Rwp of this refinement is 7.5%.

[image: ]

Fig. S2. Example TGA and derivative thermogravimetry (DTG) analyses for (A) one sample from Gahcho Kué and (B) and (C) two samples from Venetia. 
[image: ]
Fig. S3. ATR-FTIR spectra of 17VEN-K1-KIMB2 ore (facies CKNE/MVK Contact kimberlite; K1 Pit), 17VEN-FRD2-12A (crust from FRD2, likely MVK facies) and 17GK-J-24 ore (J; TKt; West Lobe): (A) Mid-IR region and (B) OH-stretching region. Mineralogy: P: phlogopite, L: lizardite, C: calcite, D: diopside, Cl: clinochlore, T: talc, S: saponite.

[image: ]

Fig. S4. Diagrams of smectite content of the samples (wt.%) versus individual exchangeable cations (A) Na (B) K and (C) Mg and (D) Ca contents (cmol(+)/m2) in the NH4-acetate leachates. No significant correlations are observed.

[image: ]
Fig. S5. Calcite distribution (indicated by white arrows) within four different facies from Venetia: (A) CKNE; (B) CKNE/MVK; (C) DVK; (D) VK.
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