[bookmark: _Hlk209091517]Table S1. Representative compositions of sulfides from the Cu–Fe–S system at the Lazurnoe ore occurrence, wt. %
	№ 
	Fe
	Cu
	Ag
	S
	Total
	
	Formula

	1
	30,96
	33,56
	 
	34,35
	98,87
	
	Cu0.98Fe1.03S1.99

	2
	31,05
	33,97
	 
	34,33
	99,35
	
	Cu0.99Fe1.03S1.98

	3
	30,56
	34,12
	 
	34,68
	99,36
	
	Cu0.99Fe1.01S2.00

	4
	31,65
	32,23
	 
	35,52
	99,40
	
	Cu0.99Fe1.04S2.03

	5
	30,83
	34,00
	 
	34,64
	99,47
	
	Cu0.99Fe1.02S1.99

	6
	31,40
	32,64
	 
	35,06
	99,10
	
	Cu0.95Fe1.04S2.02

	7
	30,77
	34,25
	 
	34,33
	99,35
	
	Cu1.00Fe1.02S1.98

	8
	30,78
	34,52
	 
	34,69
	99,99
	
	Cu1.00Fe1.01S1.99

	9
	30,52
	33,83
	 
	34,43
	98,78
	
	Cu0.99Fe1.02S2.00

	10
	30,34
	33,93
	 
	34,30
	98,57
	
	Cu0.99Fe1.01S1.99

	11
	30,53
	33,98
	 
	34,46
	98,97
	
	Cu0.99Fe1.01S1.99

	12
	30,89
	34,27
	 
	34,19
	99,35
	
	Cu1.00Fe1.02S1.98

	13
	30,53
	34,22
	 
	34,18
	98,93
	
	Cu1.00Fe1.02S1.98

	14
	30,62
	33,89
	 
	34,32
	98,83
	
	Cu0.99Fe1.02S1.99

	15
	31,27
	34,12
	 
	34,52
	99,91
	
	Cu0.99Fe1.03S1.98

	16
	30,75
	34,24
	 
	34,87
	99,86
	
	Cu0.99Fe1.01S2.00

	17
	30,42
	34,75
	
	34,65
	99,87
	
	Cu1.00Fe1.00S1.98

	18
	46,40
	 
	 
	52,50
	98,90
	
	Fe1.01S1.99

	19
	46,57
	 
	 
	52,07
	98,64
	
	Fe1.02S1.98

	20
	47,44
	 
	 
	53,35
	100,79
	
	Fe1.01S1.99

	21
	45,87
	 
	 
	52,35
	98,22
	
	Fe1.00S2.00

	22
	46,90
	 
	 
	52,95
	99,85
	
	Fe1.01S1.99

	23
	46,52
	 
	 
	52,93
	99,45
	
	Fe1.01S1.99

	24
	47,16
	 
	 
	53,23
	100,39
	
	Fe1.01S1.99

	25
	46,90
	 
	 
	52,71
	99,61
	
	Fe1.01S1.99

	26
	46,49
	 
	 
	52,62
	99,11
	
	Fe1.01S1.99

	27
	10,35
	63,26
	 
	23,88
	97,49
	
	Cu5.17Fe0.96S3.87

	28
	18,27
	62,85
	
	30,24
	101,36
	
	Cu3.96Fe1.56S4.49

	29
	16,65
	54,96
	0,53
	28,91
	101,05
	
	(Cu4.18Ag0.02)Σ4.20Fe1.44S4.36

	30
	16,91
	53,37
	1,20
	27,34
	98,82
	
	(Cu4.19Ag0.06)Σ4.26Fe1.51S4.25


1–17 – chalcopyrite CuFeS2; 18–26 – pyrite FeS2; 27–30 – bornite Cu5FeS4. An empty cell indicates an element concentration below the detection limit (applies throughout). Compositions for Figure 8.


[bookmark: _Hlk209091683][bookmark: _Hlk213672014]Table S2. Compositions of galena, matildite, and sphalerite from the Lazurnoe ore occurrence, wt %
	№
	Zn
	Ag
	Cd
	Pb
	Bi
	Se
	S
	Total
	Formula

	1
	
	
	
	87,05
	
	
	12,44
	99,49
	Pb1.04S0.96

	2
	
	
	
	87,05
	
	
	12,45
	99,50
	Pb1.04S0.96

	3
	
	
	
	86,94
	
	
	12,44
	99,38
	Pb1.04S0.96

	4
	
	
	
	87,30
	
	
	12,53
	99,83
	Pb1.04S0.96

	5
	
	
	
	87,42
	
	
	12,57
	99,99
	Pb1.04S0.96

	6
	
	
	
	87,35
	
	
	12,58
	99,93
	Pb1.04S0.96

	7
	
	
	
	87,57
	
	
	12,62
	100,19
	Pb1.04S0.96

	8
	
	
	
	86,39
	
	
	12,48
	98,87
	Pb1.03S0.97

	9
	
	
	
	86,13
	
	
	12,47
	98,60
	Pb1.03S0.97

	10
	
	
	
	86,62
	
	
	12,56
	99,18
	Pb1.03S0.97

	11
	
	
	
	86,32
	
	
	12,55
	98,87
	Pb1.03S0.97

	12
	
	
	
	86,19
	
	
	12,55
	98,74
	Pb1.03S0.97

	13
	
	
	
	86,72
	
	
	12,64
	99,36
	Pb1.03S0.97

	14
	
	
	
	86,88
	
	
	12,96
	99,84
	Pb1.02S0.98

	15
	
	
	
	84,09
	2,98
	
	12,97
	100,04
	(Pb0.98Bi0.03)Σ1.01S0.99

	16
	
	
	
	84,59
	3,04
	
	12,81
	100,44
	(Pb0.99Bi0.04)Σ1.03S0.97

	17
	
	
	
	83,90
	3,10
	
	12,52
	99,52
	(Pb1.00Bi0.04)Σ1.04S0.96

	18
	
	
	
	85,77
	
	1,11
	12,30
	99,18
	Pb1.02(S0.95Se0.03)Σ0.98

	19
	
	
	
	84,58
	
	3,33
	11,09
	99,00
	Pb1.03(S0.87Se0.11)Σ0.98

	20
	
	
	
	85,10
	
	1,82
	11,86
	98,78
	Pb1.02(S0.92Se0.06)Σ0.98

	21
	
	
	
	84,72
	
	3,66
	11,14
	99,52
	Pb1.02(S0.87Se0.12)Σ0.99

	22
	
	
	
	84,84
	
	1,96
	11,87
	98,67
	Pb1.02(S0.92Se0.06)Σ0.98

	23
	
	
	
	83,49
	
	3,12
	11,69
	98,30
	Pb1.00(S0.90Se0.10)Σ01.00

	24
	
	
	
	83,46
	
	2,43
	12,67
	98,56
	Pb0.97(S0.95Se0.07)Σ1.02

	25
	
	
	
	83,50
	2,83
	1,23
	12,39
	99,95
	(Pb0.98Bi0.03)Σ1.01(S0.94Se0.04)Σ0.98

	26
	
	
	
	80,85
	3,81
	3,67
	11,06
	99,39
	(Pb0.98Bi0.05)Σ1.03(S0.86Se0.12)Σ0.98

	[bookmark: _Hlk205897364]27
	
	
	
	76,84
	7,38
	1,81
	12,65
	98,68
	(Pb0.90Bi0.09)Σ0.99(S0.96Se0.06)Σ1.02

	28
	
	3,82
	
	77,48
	
	4,62
	10,59
	96,51
	(Pb0.94Ag0.09)Σ1.03(S0.83Se0.15)Σ0.98

	29
	
	1,26
	
	78,85
	
	7,94
	9,05
	97,10
	(Pb0.98Ag0.03)Σ1.01(S0.73Se0.26)Σ0.99

	30
	
	1,73
	
	78,93
	
	2,84
	11,72
	95,22
	(Pb0.95Ag0.04)Σ0.99(S0.92Se0.09)Σ1.01

	31
	
	3,30
	
	73,63
	6,24
	3,54
	11,36
	98,07
	(Pb0.87Ag0.08Bi0.07)Σ1.02(S0.87Se0.11)Σ0.98

	32
	
	5,10
	
	73,18
	3,17
	3,13
	13,70
	98,28
	(Pb0.80Ag0.11Bi0.03)Σ0.94(S0.97Se0.09)Σ1.06

	33
	
	2,65
	
	78,29
	3,35
	2,25
	12,25
	98,79
	(Pb0.91Ag0.06Bi0.04)Σ1.01(S0.92Se0.07)Σ0.99

	34
	
	5,70
	
	70,22
	7,03
	5,04
	11,21
	99,20
	(Pb0.81Ag0.13Bi0.08)Σ1.02(S0.83Se0.15)Σ0.98

	35
	
	4,33
	
	72,68
	7,01
	4,62
	10,87
	99,51
	(Pb0.85Ag0.10Bi0.08)Σ1.03(S0.82Se0.14)Σ0.96

	36
	
	3,26
	
	76,59
	4,55
	2,80
	12,41
	99,61
	(Pb0.88Ag0.07Bi0.05)Σ1.00(S0.92Se0.08)Σ1.00

	37
	
	2,69
	
	78,70
	3,67
	2,74
	11,88
	99,68
	(Pb0.92Ag0.06Bi0.04)Σ1.02(S0.90Se0.08)Σ0.98

	38
	
	4,29
	
	72,53
	7,25
	5,12
	10,74
	99,93
	(Pb0.85Ag0.10Bi0.08)Σ1.03(S0.81Se0.16)Σ0.97

	39
	
	1,80
	
	81,02
	3,51
	2,45
	12,02
	100,80
	(Pb0.94Ag0.04Bi0.04)Σ1.02(S0.90Se0.07)Σ0.97

	[bookmark: _Hlk205897932]40
	
	20,99
	
	24,58
	33,62
	3,36
	13,21
	95,76
	Ag0.84(Bi0.69Pb0.51)Σ1.20(S1.77Se0.18)Σ1.95

	41
	
	26,02
	
	12,00
	40,58
	1,99
	14,32
	94,91
	Ag1.00(Bi0.80Pb0.24)Σ1.04(S1.85Se0.10)Σ1.95

	42
	
	21,01
	
	25,70
	34,74
	2,16
	14,22
	97,83
	Ag0.82(Bi0.70Pb0.52)Σ1.22(S1.86Se0.11)Σ1.97

	43
	
	27,22
	
	
	50,94
	2,48
	15,7
	96,34
	Ag0.99Bi0.96(S1.93Se0.12)Σ2.05

	44
	
	26,76
	
	
	49,61
	2,89
	15,06
	94,32
	Ag1.00Bi0.96(S1.89Se0.15)Σ2.04

	45
	
	7,59
	
	57,33
	11,74
	2,28
	12,88
	91,82
	(Pb0.66Ag0.17Bi0.13)Σ0.96(S0.97Se0.07)Σ1.04

	46
	62,32
	
	0,99
	
	
	
	32,86
	96,17
	(Zn0.96Cd0.01)Σ0.97S1.03

	47
	62,23
	
	1,43
	
	
	
	33,86
	97,52
	(Zn0.94Cd0.01)Σ0.95S1.05

	48
	65,47
	
	0,81
	
	
	
	32,63
	98,91
	(Zn0.99Cd0.01)Σ1.00S1.00


1-17 – gold-hessite-galena association; 18-48 – sulfosalt-acanthite-chalcopyrite association: 1-14 – galena PbS; 15-17 – Bi-galena (Pb,Bi)S; 18-24 – Se-galena Pb(S,Se); 25-27 – Se and Bi-galena (Pb,Bi)(S,Se); 28-30 – Ag and Se-galena (Pb,Ag)(S,Se); 31-39 – Bi, Ag and Se-galena (Pb,Bi,Ag)(S,Se); 40-44 – matildite AgBiS2; 45 – galena-matildite solid solution (Pb,Ag,Bi)(S,Se);  46-48 – Cd-sphalerite (Zn,Cd)S. Compositions for Figure 9.
[bookmark: _Hlk209091974][bookmark: _Hlk213672464]Table S3. Representative compositions of solid solutions of the acanthite series and other minerals of the Ag(+Cu,Fe)–S–Se system from the Lazurnoe ore occurrence, wt. %.
	№ п/п
	Fe
	Cu
	Ag
	Te
	Se
	S
	Total
	Formula

	1
	2,25
	1,51
	83,18
	
	
	12,61
	99,55
	(Ag1.88Fe0.10Cu0.06)Σ2.04S0.96

	2
	0,54
	4,29
	82,04
	
	
	12,91
	99,78
	(Ag1.84Cu0.16Fe0.02)Σ2.03S0.97

	3
	0,82
	2,56
	83,12
	
	
	13,84
	100,34
	(Ag1.84Cu0.10Fe0.04)Σ1.97S1.03

	4
	2,92
	0,45
	81,76
	0,52
	1,38
	12,09
	99,12
	(Ag1.87Fe0.13Cu0.02)Σ2.02(S0.93Se0.04Te0.01)Σ0.98

	5
	1,39
	0,51
	82,56
	
	1,60
	12,43
	98,49
	(Ag1.90Fe0.06Cu0.02)Σ1.99(S0.96Se0.05)Σ1.01

	6
	1,95
	3,83
	79,94
	
	2,50
	10,89
	99,11
	(Ag1.84Cu0.15Fe0.09)Σ2.08(S0.84Se0.08)Σ0.92

	7
	2,34
	
	82,24
	
	3,27
	10,52
	98,37
	(Ag1.95Fe0.11)Σ2.06(S0.84Se0.11)Σ0.94

	8
	0,35
	1.00
	79,75
	1,01
	7,53
	8,88
	98,52
	(Ag1.94Cu0.04Fe0.02)Σ2.00(S0.73Se0.25Te0.02)Σ1.00

	9
	1,77
	5,69
	72,78
	1,82
	10,14
	7,06
	99,26
	(Ag1.75Cu0.23Fe0.08)Σ2.06(S0.57Se0.33Te0.04)Σ0.94

	10
	1,98
	5,16
	73,14
	
	11,79
	6,09
	98,16
	(Ag1.79Cu0.21Fe0.09)Σ2.10(S0.50Se0.40)Σ0.90

	11
	1,30
	4,77
	75,39
	0,52
	12,18
	6,63
	100,79
	(Ag1.80Cu0.19Fe0.06)Σ2.06(S0.53Se0.40Te0.01)Σ0.94

	12
	1,21
	5,37
	72,47
	1,50
	12,36
	5,87
	98,78
	(Ag1.78Cu0.22Fe0.06)Σ2.07(S0.49Se0.42Te0.03)Σ0.93

	13
	1,06
	6,08
	71,57
	1,82
	14,02
	5,95
	100,50
	(Ag1.72Cu0.25Fe0.05)Σ2.02(S0.48Se0.46Te0.04)Σ0.98

	14
	1,90
	7,76
	71,15
	
	14,64
	5,81
	101,26
	(Ag1.67Cu0.31Fe0.09)Σ2.07(Se0.47S0.46)Σ0.93

	15
	1,88
	2,51
	75,34
	1,39
	14,74
	4,56
	100,42
	(Ag1.89Cu0.11Fe0.09)Σ2.08(Se0.50S0.38Te0.03)Σ0.92

	16
	2,00
	9,31
	67,02
	0,61
	15,70
	6,49
	101,13
	(Ag1.54Cu0.36Fe0.09)Σ1.99(S0.50Se0.49Te0.01)Σ1.01

	17
	1,15
	9,76
	68,44
	
	16,15
	6,16
	101,66
	(Ag1.58Cu0.38Fe0.05)Σ2.01(Se0.51S0.48)Σ0.99

	18
	1,35
	8,06
	69,72
	0,77
	16,49
	5,46
	101,85
	(Ag1.64Cu0.32Fe0.06)Σ2.02(Se0.53S0.43Te0.02)Σ0.98

	19
	1,53
	8,27
	67,40
	0,92
	16,78
	4,12
	99,02
	(Ag1.66Cu0.35Fe0.07)Σ2.08(Se0.56S0.34Te0.02)Σ0.92

	[bookmark: _Hlk205993463]20
	0,72
	2.00
	75,85
	1,45
	16,8
	4,04
	100,86
	(Ag1.92Cu0.09Fe0.04)Σ2.04(Se0.58S0.34Te0.03)Σ0.96

	21
	2,45
	1,45
	71,37
	2,82
	19,44
	1,69
	99,22
	(Ag1.89Fe0.13Cu0.07)Σ2.08(Se0.70S0.15Te0.06)Σ0.92

	22
	2,31
	2,52
	71,86
	0,94
	20,73
	1,80
	100,16
	(Ag1.86Fe0.12Cu0.11)Σ2.09(Se0.73S0.16Te0.02)Σ0.91

	23
	1,74
	22,52
	57,74
	
	
	14,01
	96,01
	Ag4.73(Cu3.13Fe0.28)Σ3.41S3.86

	24
	0,66
	26,05
	48,15
	0,83
	13,19
	7,72
	96,60
	Ag1.04(Cu0.96Fe0.03)Σ0.99(S0.56Se0.39Te0.02)Σ0.97

	25
	2,27
	27,23
	49,76
	
	5,70
	12,86
	97,82
	Ag0.99(Cu0.92Fe0.09)Σ1.01(S0.86Se0.15)Σ1.01

	26
	1,23
	11,45
	66,37
	0,82
	13,07
	6,89
	99,83
	Ag3.07(Cu0.90Fe0.11)Σ1.01(S1.07Se0.82Te0.03)Σ1.93

	27
	1,95
	10,08
	68,52
	1,71
	10,66
	8,35
	101,27
	Ag3.08(Cu0.77Fe0.17)Σ0.94(S1.26Se0.65Te0.06)Σ1.98

	[bookmark: _Hlk205993328][bookmark: _Hlk213673568]28
	0,76
	33,78
	47,35
	
	4,80
	13,89
	100,58
	(Cu1.08Fe0.03)Σ1.11Ag0.89(S0.88Se0.12)Σ1.00

	29
	3,37
	31,14
	45,07
	
	12,30
	9,96
	101,84
	(Cu1.02Fe0.13)Σ1.15Ag0.87(S0.65Se0.33)Σ0.98

	30
	1,47
	39,06
	39,01
	
	3,06
	15,31
	97,91
	(Cu1.21Fe0.05)Σ1.26Ag0.71(S0.94Se0.08)Σ1.02

	31
	5,24
	36,09
	35,95
	1,01
	9,14
	12,79
	100,22
	(Cu1.12Fe0.19)Σ1.31Ag0.66(S0.79Se0.23)Σ1.03

	32
	3,11
	41,57
	37,96
	
	1,96
	15,90
	100,50
	(Cu1.24Fe0.11)Σ1.35Ag0.67(S0.94Se0.05)Σ0.99

	33
	1,25
	45,10
	35,17
	
	2,39
	16,16
	100,07
	(Cu1.34Fe0.04)Σ1.38Ag0.61(S0.95Se0.06)Σ1.01

	34
	3,39
	58,78
	15,82
	
	5,56
	18.00
	101,55
	(Cu1.57Fe0.10)Σ1.67Ag0.25(S0.95Se0.12)Σ1.07

	35
	1,71
	55,77
	22,57
	
	2,58
	17,92
	100,55
	(Cu1.54Fe0.05)Σ1.59Ag0.37(S0.98Se0.06)Σ1.04

	35
	1,60
	48,18
	30,40
	
	3,55
	16,61
	100,34
	(Cu1.39Fe0.05)Σ1.44Ag0.52(S0.95Se0.08)Σ1.04


[bookmark: _Hlk205201390]	1-20 – Cu- and Fe-bearing minerals of the acanthite series (Ag,Cu,Fe)2(S,Se); 21,22 – naumannite Ag2Se; 23 – the mineral similar in composition to mckinstryite Ag6Cu3S4; 24, 25 – stromeyerite CuAg(S,Se); 26, 27 – yalpaite Ag3CuS2; 28-35 – finely dispersed mixture of chalcocite minerals Cu2S and acanthite Ag2S.  Compositions for Figure 10.

[bookmark: _Hlk209092345]Table S4. Compositions of tetrahedrite-group sulfosalts with the general formula Cu6[Cu4(Zn,Fe)2](Sb,As,Bi)4S13 from the Lazurnoe ore occurrence, wt.%
	№
	Fe
	Cu
	Zn
	Ag
	Bi
	Sb
	As
	S
	Total
	Formula

	1
	2,63
	41,22
	7,303
	
	
	11,62
	10,93
	27,27
	101,00
	Cu6.00(Cu3.90Zn1.71Fe0.72)Σ6.33(As2.23Sb1.46)Σ3.69S12.98

	2
	2,08
	41,41
	7,50
	
	
	9,40
	13,15
	26,84
	100,38
	Cu6.00(Cu3.98Zn1.76Fe0.57)Σ5.31(As2.69Sb1.18)Σ3.87S12.82

	3
	2,66
	40,86
	6,97
	
	
	10,68
	11,50
	26,75
	99,42
	Cu6.00(Cu3.96Zn1.65Fe0.74)Σ6.35(As2.38Sb1.36)Σ3.74S12.92

	4
	2,43
	41,00
	7,48
	
	
	9,08
	13,07
	26,73
	99,79
	Cu6.00(Cu3.92Zn1.76Fe0.67)Σ6.35(As2.68Sb1.15)Σ3.83S12.82

	5
	2,45
	41,62
	7,48
	
	
	7,65
	13,55
	27,06
	99,81
	Cu6.00(Cu3.99Zn1.75Fe0.67)Σ6.41(As2.76Sb0.96)Σ3.72S12.88

	6
	2,58
	42,33
	6,96
	
	
	5,65
	14,98
	27,23
	99,73
	Cu6.00(Cu4.09Zn1.61Fe0.70)Σ6.40(As3.03Sb0.70)Σ3.73S12.86

	7
	2,52
	43,96
	5,65
	
	
	2,72
	16,97
	27,82
	99,64
	Cu6.00(Cu4.34Zn1.29Fe0.67)Σ6.30(As3.39Sb0.33)Σ3.72S12.97

	8
	3,79
	41,05
	6,91
	
	
	5,32
	13,68
	27,47
	98,22
	Cu6.00(Cu3.85Zn1.61Fe1.03)Σ6.49(As2.78Sb0.67)Σ3.45S13.06

	9
	2,17
	45,17
	5,91
	
	
	
	18,96
	28,46
	100,67
	Сu6.00(Cu4.41Zn1.32Fe0.57)Σ6.30As3.71S13.00

	10
	2,23
	42,80
	6,66
	0,52
	
	0,39
	18,56
	27,74
	98,90
	(Cu5.93Ag0.07)Σ6.00(Cu4.16Zn1.53Fe0.60)Σ6.29(As3.71Sb0.05)Σ3.76S12.96

	11
	2,67
	41,75
	6,57
	3,36
	
	0,70
	17,55
	27,31
	99,91
	(Cu5.53Ag0.47)Σ6.00(Cu4.35Zn1.51Fe0.72)Σ6.23(As3.52Sb0.09)Σ3.61S12.81

	12
	5,93
	39,88
	6,48
	1,08
	
	4,89
	13,27
	28,14
	99,67
	(Cu5.85Ag0.15)Σ6.00(Cu3.54Zn1.48Fe1.59)Σ6.61(As2.65Sb0.60)Σ3.25S13.13

	13
	2,98
	42,28
	7,22
	1,08
	
	
	17,73
	27,38
	98,67
	(Cu5.85Ag0.15)Σ6.00(Cu4.15Zn1.66Fe0.80)Σ6.61As3.56S12.83

	14
	5,22
	40,49
	6,93
	
	
	0,41
	16,90
	28,45
	98,40
	Cu6.00(Cu3.46Zn1.57Fe1.39)Σ6.42(As3.35Sb0.05)Σ3.40S13.18

	15
	3,55
	43,01
	6,81
	
	
	
	17,17
	28,28
	98,82
	Cu6.00(Cu4.04Zn1.54Fe0.94)Σ6.52As3.40S13.08

	16
	4,68
	43,76
	6,41
	0,55
	
	0,42
	16,46
	26,80
	99,08
	(Cu5.92Ag0.08)Σ6.00(Cu4.40Zn1.47Fe1.26)Σ7.13(As3.29Sb0.05)Σ3.35S12.53

	17
	4,46
	39,62
	6,99
	
	
	6,95
	12,49
	27,71
	98,22
	Cu6.00(Cu3.53Zn1.63Fe1.22)Σ6.38(As2.55Sb0.87)Σ3.42S13.20

	18
	6,30
	41,80
	6,18
	
	
	0,42
	15,75
	28,93
	99,38
	Cu6.00(Cu3.63Fe1.65Zn1.38)Σ6.66(As3.08Sb0.05)Σ3.13S13.21

	19
	6,42
	42,32
	5,73
	
	
	1,46
	15,20
	28,75
	99,88
	Cu6.00(Cu3.75Fe1.68Zn1.28)Σ6.71(As2.97Sb0.18)Σ3.15S13.13

	20
	6,57
	39,78
	6,44
	
	
	5,23
	13,11
	28,04
	99,17
	Cu6.00(Cu3.38Fe1.76Zn1.48)Σ6.62(As2.62Sb0.64)Σ3.27S13.11

	21
	7,62
	40,15
	6,07
	
	
	
	15,93
	29,64
	99,41
	Cu6.00(Cu3.17Fe1.98Zn1.35)Σ6.50As3.09S13.42

	22
	8,43
	41,68
	5,68
	
	
	0,45
	14,63
	29,55
	100,42
	Cu6.00(Cu3.44Fe2.17Zn1.25)Σ6.86(As2.81Sb0.05)Σ2.86S13.27

	23
	10,30
	38,48
	5,76
	
	
	6,03
	10,52
	28,55
	99,64
	Cu6.00(Cu2.97Fe2.73Zn1.30)Σ7.00(As2.08Sb0.73)Σ2.81S13.18

	24
	12,23
	39,44
	5,20
	
	
	0,86
	12,63
	30,59
	100,95
	Cu6.00(Cu2.78(Fe3.10Zn1.13)Σ7.01(As2.39Sb0.10)Σ2.49S13.50

	25
	10,11
	36,24
	5,17
	1,21
	3,33
	0,36
	11,65
	29,27
	97,34
	(Cu5.83Ag0.17)Σ6.00(Cu2.74Fe2.72Zn1.19)Σ6.65(As2.34Bi0.24Sb0.04)Σ2.62S13.72

	26
	4,91
	37,48
	6,67
	
	7,81
	8,25
	8,40
	26,21
	99,73
	Cu6.00(Cu3.49Zn1.63Fe1.41)Σ6.52(As1.76Sb1.08Bi0.60)Σ3.47S13.06

	27
	5,72
	38,02
	6,07
	
	9,12
	4,65
	9,77
	26,75
	100,00
	Cu6.00(Cu3.43Fe1.61Zn1.46)Σ6.50(As2.06Bi0.69Sb0.60)Σ3.35S13.15

	28
	2,72
	37,89
	6,65
	
	12,91
	4,55
	9,78
	25,34
	99,84
	Cu6.00(Cu3.79Zn1.67Fe0.80)Σ6.26(As2.14Bi1.01Sb0.61)Σ3.77S12.97

	29
	1,95
	36,34
	6,79
	
	15,45
	6,15
	6,78
	23,90
	97,36
	Cu6.00(Cu3.92Zn1.80Fe0.61)Σ6.33(As1.57Bi1.28Sb0.88)Σ3.73S12.94

	30
	2,50
	35,56
	6,45
	
	17,24
	6,29
	6,01
	23,13
	97,18
	Cu6.00(Cu3.90Zn1.75Fe0.79)Σ6.44(Bi1.46As1.42Sb0.91)Σ3.79S12.77

	31
	4,24
	34,88
	6,33
	
	18,58
	6,50
	5,00
	23,96
	99,49
	Cu6.00(Cu3.49Zn1.67Fe1.31)Σ6.47(Bi1.54As1.15Sb0.92)Σ3.61S12.91

	32
	2,19
	38,07
	7,24
	
	
	26,48
	2,61
	24,24
	99,73
	Cu6.00(Cu3.94Zn1.84Fe0.66)Σ6.44(Sb3.47As0.66)Σ4.03S12.64

	33
	1,66
	38,04
	7,63
	
	
	24,31
	2,86
	24,63
	98,93
	Cu6.00(Cu3.93Zn1.91Fe0.46)Σ6.30(Sb3.31As0.63)Σ3.94S12.76

	34
	2,46
	39,02
	7,36
	
	
	19,69
	6,99
	26,62
	100,13
	Cu6.00(Cu3.83Zn1.80Fe0.71)Σ6.44(Sb2.69As1.28)Σ3.87S12.79

	35
	1,71
	39,18
	7,00
	
	
	19,02
	7,16
	26,74
	99,80
	Cu6.00(Cu3.89Zn1.72Fe0.49)Σ6.10(Sb2.60As1.63)Σ4.03S12.87

	36
	1,97
	39,36
	6,97
	
	
	18,61
	7,29
	26,86
	101,00
	Cu6.00(Cu3.71Zn1.67Fe0.66)Σ6.04(Sb2.40As1.63)Σ3.93S13.14

	37
	7,14
	38,67
	6,61
	
	
	16,06
	6,21
	27,29
	100,80
	Cu6.00(Cu3.30(Fe1.96Zn1.66)Σ6.92(Sb1.89As1.27)Σ3.16S13.03


1-17 – tennantite-(Zn); 18-24 – tennantite-(Fe); 25-29 – Bi-rich variety tennantite-(Zn); 30,31 – Bi-analogue of tennantite-(Zn)»; 32-36 – tetrahedrite-(Zn); 
40 – tetrahedrite-(Fe). To Figure 11.


[bookmark: _Hlk213676892][bookmark: _Hlk209092413]Table S5. Compositions of minerals of the pearceite group from the Lazurnoe ore occurrence, wt. %
	[bookmark: _Hlk205293296]№
	Fe
	Cu
	Zn
	Ag
	Sb
	Te
	As
	Se
	S
	Total
	Formula

	1
	1,75
	35,87
	2,42
	28,93
	3,16
	
	4,50
	7,05
	17,16
	100,84
	[Cu6.00(As1.08Sb0.47)Σ1.55S7.00][Ag4.83(Cu4.16Zn0.67Fe0.56)Σ5.39(S2.63Se1.61)Σ4.24]


	2
	1,79
	29,48
	
	39,22
	
	
	8,40
	
	19,76
	98,65
	[Cu6.00As2.05S7.00][Ag6.64(Cu2.47Fe0.59)Σ3.06S4.25]

	3
	1,60
	29,82
	
	40,14
	
	
	8,03
	
	19,55
	99,14
	[Cu6.00As1.96S7.00][Ag6.80(Cu2.58Fe0.52)Σ3.10S4.14]

	4
	2,33
	28,45
	
	45,49
	
	
	6,35
	
	18,71
	101,33
	[Cu6.00As1.56S7.00][Ag7.74(Cu2.22Fe0.77)Σ2.99S3.71]

	5
	1,61
	23,14
	
	48,74
	
	
	7,37
	
	17,61
	98,47
	[Cu6.00As1.91S7.00][Ag8.78(Cu1.08Fe0.56)Σ1.64S3.67]

	6
	1,55
	23,51
	
	49,67
	
	
	6,95
	
	17,74
	99,42
	[Cu6.00As1.79S7.00][Ag8.88(Cu1.13Fe0.54)Σ1.67S3.67]

	7
	1,06
	22,85
	
	49,63
	
	
	6,69
	
	17,85
	98,08
	[Cu6.00As1.74S7.00][Ag8.99(Cu1.02Fe0.37)Σ1.39S3.87]

	8
	1,62
	22,21
	
	49,43
	1,42
	0,49
	6,22
	
	17,41
	98,80
	[Cu6.00(As1.63Sb0.23Te0.08)Σ1.94S7.00][Ag8.99(Cu0.86Fe0.57)Σ1.43S3.65]

	9
	1,39
	22,45
	
	50,55
	1,20
	
	6,25
	
	17,75
	99,59
	[Cu6.00(As1.62Sb0.19)Σ1.81S7.00][Ag9.10(Cu0.86Fe0.48)Σ1.34S3.75]

	10
	1,13
	18,15
	
	58,49
	
	
	6,13
	
	16,94
	100,84
	[(Cu5.68Fe0.40)Σ6.08As1.63S7.00][Ag10.78S3.51]

	11
	2,99
	10,96
	
	64,29
	4,45
	
	2,81
	
	16,01
	101,51
	[(Cu3.58Fe1.11)Σ4.69(As0.78Sb0.76)Σ1.54S7.00][Ag12.39S3.38]


1-8 - cupropirceite [Cu6As2S7][Ag9CuS4]; 9-11 – pearceite [Ag9CuS4][(Ag,Cu)6(As,Sb)2S7]. To Figure 12.

[bookmark: _Hlk209092637]
[bookmark: _Hlk213679496]


[bookmark: _Hlk233564547]Table S6. Compositions of cervelleite and hessite from the Lazurnoe ore occurrence, wt %
	№ п/п
	Fe
	Cu
	Ag
	Te
	Se
	S
	Total
	Formula

	1
	1,22
	8,98
	62,14
	21,23
	2,22
	5,41
	101,20
	(Ag3.14Cu0.77Fe0.12)Σ4.02(S0.92Se0.15)Σ1.07Te0.91

	2
	0,81
	8,43
	62,38
	22,04
	1,71
	5,66
	101,03
	(Ag3.16Cu0.73Fe0.08)Σ3.97(S0.97Se0.12)Σ1.08Te0.95

	3
	1,99
	5,67
	63,78
	21,44
	2,18
	5,44
	100,50
	(Ag3.28Cu0.50Fe0.20)Σ3.97(S0.94Se0.15)Σ1.09Te0.93

	4
	1,13
	6,27
	63,32
	19,67
	2,83
	5,14
	98,36
	(Ag3.33Cu0.56Fe0.11)Σ4.01(S0.91Se0.20)Σ1.11Te0.88

	5
	1,71
	8,05
	61,45
	21,39
	1,96
	5,06
	99,62
	(Ag3.17Cu0.71Fe0.17)Σ4.05(S0.88Se0.14)Σ1.02Te0.93

	6
	2,62
	10,26
	58,39
	18,28
	2,28
	6,75
	98,58
	(Ag2.87Cu0.86Fe0.25)Σ3.97(S1.12Se0.15)Σ1.27Te0.76

	7
	1,05
	12,08
	59,23
	17,06
	3,54
	6,57
	99,53
	(Ag2.89Cu1.00Fe0.10)Σ3.98(S1.08Se0.24)Σ1.31Te0.70

	8
	1,13
	8,31
	63,18
	21,16
	1,38
	6,13
	101,29
	(Ag3.16Cu0.71Fe0.11)Σ3.98(S1.03Se0.09)Σ1.13Te0.90

	9
	1,86
	13,35
	58,79
	18,31
	2,23
	7,03
	101,57
	(Ag2.77Cu1.07Fe0.17)Σ4.01(S1.12Se0.14)Σ1.26Te0.73

	10
	
	
	63,09
	36,22
	
	
	99,31
	Ag2.02Te0.98

	11
	
	
	62,57
	36,07
	
	
	98,64
	Ag2.02Te0.98

	12
	
	
	62,83
	35,95
	
	0,21
	98,99
	Ag2.01(Te0.97Se0.02)Σ0.99


1-9 – sulfosalt–acanthite–chalcopyrite association, cervelleite (Ag,Cu,Fe)4(S,Se)Te; 10-12 – gold–hessite–galena assemblage, hessite Ag2Te. To Figure 13.

[bookmark: _Hlk209092854][bookmark: _Hlk213742987]Table S7. Compositions of native gold from the Lazurnoe ore occurrence
	№
	Au
	Ag
	Total
	Au
	Ag
	Total

	
	wt. %
	 
	at. %

	1
	96,48
	2,61
	98,99
	96,46
	4,64
	100

	2
	96,90
	2,99
	99,89
	94,67
	6,33
	100

	3
	96,76
	3,04
	99,80
	94,67
	6,43
	100

	4
	96,91
	3,06
	99,96
	94,67
	6,43
	100

	5
	96,14
	3,16
	99,30
	94,34
	6,66
	100

	6
	96,14
	3,36
	99,60
	94,00
	6,00
	100

	7
	96,86
	3,39
	99,26
	93,93
	6,07
	100

	8
	94,89
	3,60
	98,39
	93,69
	6,31
	100

	9
	94,78
	3,67
	98,36
	93,66
	6,44
	100

	10
	96,26
	3,71
	99,96
	93,42
	6,68
	100

	11
	96,14
	3,76
	99,90
	93,33
	6,67
	100

	12
	94,67
	4,76
	99,33
	91,68
	8,42
	100

	13
	93,71
	6,77
	99,48
	89,89
	10,11
	100

	14
	92,69
	6,07
	98,66
	89,31
	10,69
	100

	15
	93,62
	6,16
	99,67
	89,28
	10,72
	100

	16
	92,6
	6,18
	98,78
	89,14
	10,86
	100

	17
	92,41
	6,26
	98,66
	89,01
	10,99
	100

	18
	92,26
	7,06
	99,31
	87,76
	12,24
	100

	19
	90,46
	9,36
	99,81
	84,11
	16,89
	100

	20
	89,07
	9,32
	98,39
	83,96
	16,04
	100

	21
	88,72
	9,48
	98,20
	83,67
	16,33
	100

	22
	88,71
	10,40
	99,11
	82,37
	17,63
	100

	23
	89,03
	10,66
	99,69
	82,20
	17,80
	100

	24
	87,36
	11,19
	98,66
	81,04
	18,96
	100

	25
	87,86
	11,29
	99,16
	81,00
	19,00
	100

	26
	87,41
	11,27
	98,68
	80,94
	19,06
	100

	27
	88,07
	11,37
	99,44
	80,92
	19,08
	100

	28
	87,96
	11,64
	99,49
	80,67
	19,33
	100

	29
	87,33
	11,60
	98,93
	80,48
	19,62
	100

	30
	87,82
	11,69
	99,61
	80,46
	19,66
	100

	31
	87,64
	12,06
	99,69
	79,93
	20,07
	100

	32
	86,46
	11,96
	98,42
	79,83
	20,17
	100

	33
	86,31
	11,98
	98,29
	79,78
	20,22
	100

	34
	86,55
	12,38
	98,93
	79,29
	20,71
	100

	35
	85,97
	12,42
	98,39
	79,13
	20,87
	100

	36
	83,91
	14,84
	98,75
	75,59
	24,41
	100

	37
	71,96
	27,64
	99,60
	58,78
	41,22
	100

	38
	70,85
	29,11
	99,96
	57,13
	42,87
	100

	39
	67,88
	31,99
	99,87
	53,75
	46,25
	100

	40
	41,3
	57,46
	98,76
	28,24
	71,76
	100

	41
	39,84
	59,17
	99,01
	26,94
	73,06
	100

	42
	38,39
	60,17
	98,56
	25,89
	74,11
	100

	43
	36,52
	61,91
	98,43
	24,42
	75,58
	100


	To Figure 14.
