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Table S1. Chemical Composition of Minerals from Semyenov-2 Hydrothermal Field (EDX data).

Chalcopyrite Chimneys
Bi Se Te Pb Au Ag Ni Cu As Sb Zn Fe S Mo Sum
Tellurobismuthite BizTes 50.74 - 4779 - - - - - - - - - - - 98.53
Tellurobismuthite BixTes 5221 - 4760 - - - - - - - - - - - 99.81
Tellurobismuthite Bi2Tes 52.01 - 47.89 - - - - - - - - - - - 99.90
Tellurobismuthite Bi2Tes 51.92 - 48.01 - - - - - - - - - - - 99.93
Tellurobismuthite Bi2Tes 51.57 - 4831 - - - - - - - - - - - 99.88
Tellurobismuthite Bi2Tes 5234 - 4851 - - - - - - - - - - - 100.85
Tellurobismuthite Bi2Tes 5232 - 47.63 - - - - - - - - - - - 99.95
Tellurobismuthite Bi.Tes 50.83 - 48.72 - - - - - - - - - - - 99.55
Tellurobismuthite Bi2Tes 51.13 - 4788 - - - - - - - - - - - 99.01
Tellurobismuthite BixTes 51.82 - 4772 - - - - - - - - - - - 99.54
Average 51.69 - 48.00 - - - - - - - - - - -
Formula Bi199 Te 3.0
Calaverite AuTe2 0.01 - 5527 - 4444 - - 024 - - - - - - 99.96
Calaverite AuTe2 - - 5817 - 40.83 - - - - - - - - - 99.00
Calaverite AuTe2 0.17 - 5489 - 4475 - - 08 - - - - - - 100.67
Calaverite AuTe2 - - 5496 - 4496 - - - - - - - - - 99.92

Calaverite AuTe2 - - 56.71 - 4314 - - - - - - - - - 99.85




Calaverite AuTe2 0.64 55.30 45.02 - - - - - - - 100.96
Calaverite AuTe2 - 58.13 41.83 - - - - - - - 99.96
Calaverite AuTe2 59.09 41.51 - - - - - - - 100.60
Average 0.27 56.56 43.31 - 0.55 - - - - -
Formula Au 09 Cu 004 Bi 001 Te 200
Native gold - - 90.01 8.85 - - - - - - 98.86
Native gold - - 87.69 10.24 - - - 095 - - 98.88
Native gold - - 86.16 7.26 6.88 - - - - - 100.30
Native gold - - 90.31 8.87 - - - - - - 99.18
Native gold - - 90.01 9.01 - - - - - - 99.02
Native gold - - 90.82 7.08 1.10 - - - - - 99.00
Native gold - - 88.63 10.31 - - - - - - 98.94
Native gold - - 89.38 9.34 0.30 - - - - - 99.02
Average - - 89.12  8.87 2.76 - - 09 - -
Formula Au o7 Cu o7 Fe 003 Agous
Melonite NiTe2 - 81.02 18.83 - - - - - - - 99.85
Melonite NiTe2 - 81.79 17.99 - - - - - - - 99.78
Average - 81.40 18.41 - - - - - - -

Formula

Ni 096 Te 2.00
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Chalcopyrite-sphalerite Chimneys

Bi Se Te Pb Au Ag Ni Cu As Sb Zn Fe S Mo Sum
Native gold - - - - 83.53 1437 - - - - - - - - 97.90
Native gold - - - - 8546 1322 - - - - - - - - 98.68
Native gold - - - - 8540 13.64 - - - - - - - - 99.04
Native gold - - - - 8550 1391 - - - - - - - - 99.41
Native gold - - - - 8497 1443 - - - - - - - - 99.40
Native gold - - - - 8457 1446 - - - - - - - - 99.03
Average - - - - 8490 1400 - - - - - - - -
Formula Auom Agous
Electrum - - - - 68.44 3056 - - - - - - - - 99.00
Electrum - - - - 58.75 40.89 - - - - - - - - 99.64
Electrum - - - - 71.63 2787 - - - - - - - - 99.50
Electrum - - - - 63.12 3781 - - - - - - - - 100.93
Electrum - - - - 59.12 4115 - - - - - - - - 100.27
Electrum - - - - 72.02 2812 - - - - - - - - 100.14
Electrum - - - - 64.38 34.64 - - - - - - - - 99.02
Electrum - - - - 7013 2956 @ - - - - - - - - 99.69
Average - - - - 6595 3382 - - - - - - - -
Formula Auoss Ago2
Calaverite AuTe2 - - 54.22 - 45.54 - - - - - - - - - 99.76
Calaverite AuTe2 - - 55.34 - 43.86 - - - - - - - - - 99.20
Calaverite AuTe2 - - 53.52 - 4591 - - - - - - - - - 99.43
Calaverite AuTe2 - - 55.99 - 44.03 - - - - - - - - - 100.02
Calaverite AuTe2 - - 53.58 - 46.45 - - - - - - - - - 100.03
Calaverite AuTe2 - - 55.47 - 44.39 - - - - - - - - - 99.86
Average - - 54.69 - 45.03 - - - - - - - - -
Formula Au10s Te 200
Hessite AgzTe - - 33.82 - - 66.27 - - - - - - - - 100.09
Hessite Ag2Te - - 39.46 - - 60.17 - - - - - - - - 99.63
Hessite AgzTe - - 33.74 - - 65.60 - - - - - - - - 99.34
Hessite AgzTe - - 38.88 - - 6051 - - - - - - - - 99.39
Hessite Ag2Te - - 33.21 - - 66.45 - - - - - - - - 99.66
Hessite AgzTe - - 34.36 - - 6486 - - - - - - - - 99.22
Hessite AgzTe - - 37.02 - - 62.02 - - - - - - - - 99.04
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Hessite AgzTe - - 36.98 - - 62.86 - - - - - - - - 99.84
Hessite AgzTe - - 33.88 - - 66.72 - - - - - - - - 100.60
Hessite Ag:Te - - 34.36 - - 64.71 - - - - - - - - 99.07
Hessite AgzTe - - 38.44 - - 6130 - - - - - - - - 99.74
Hessite Ag2Te - - 38.48 - - 60.81 - - - - - - - - 99.29
Hessite AgzTe - - 33.54 - - 66.70 - - - - - - - - 100.24
Average - - 35.86 - - 63.77 - - - - - - - -
Formula Ag 20 Te 1.00
Tellurobismuthite Bi2Tes 51.01 - 48.99 - - - - - - - - - - - 100.00
Tellurobismuthite Bi2Tes 58.08 - 41.92 - - - - - - - - - - - 100.00
Average 54.54 - 45.46 - - - - - - - - - - -
Formula Bi22 Teso00
Altaite PbTe - - 38.12 61.67 - - - - - - - - - - 99.79
Altaite PbTe - - 33.01 67.18 - - - - - - - - - - 100.19
Altaite PbTe - - 38.23 61.44 - - - - - - - - - - 99.67
Altaite PbTe - - 32.68 67.03 - - - - - - - - - - 99.71
Altaite PbTe - - 4294 56.22 - - - - - - - - - - 99.16
Altaite PbTe - - 43.70 55.25 - - - - - - - - - - 98.95
Average - - 38.11 6146 - - - - - - - - - -
Formula Pb o Te 1.00
Clausthalite PbSe - 30.76 - 69.23 - - - - - - - - - - 99.99
Clausthalite PbSe - 24.44 - 75.02 - - - - - - - - - - 99.46
Average - 27.60 - 72.12 - - - - - - - - - -
Formula Pb 102 Se 1.00
Se-galena Pb(S,Se) - 3.31 - 84.50 - - - - - - - - 1191 - 99.72
Se-galena Pb(S,Se) - 3.96 - 84.90 - - - - - - - - 1026 - 99.12
Se-galena Pb(S,Se) - 4.96 - 83.98 - - - - - - - - 10.25 - 99.19
Se-galena Pb(S,Se) - 2.01 - 85.17 - - - - - - - - 1197 - 99.15
Se-galena Pb(S,Se) - 2.67 - 85.26 - - - - - - - - 1152 - 99.45
Se-galena Pb(S,Se) - 2.86 - 85.83 - - - - - - - - 1210 - 100.79
Se-galena Pb(S,Se) - 4.09 - 83.99 - - - - - - - - 11.04 - 99.12
Se-galena Pb(S,Se) - 5.87 - 84.45 - - - - - - - - 1047 - 100.79
Se-galena Pb(S,Se) - 5.51 - 84.77 - - - - - - - - 1071 - 100.99
Average - 3.92 - 84.76 - - - - - - - - 1114 -

Formula  Pboss (S, Se) 1.00




Isocubanite-chalcopyrite-sphalerite-wurtzite-opal Massive Sulfides

Bi Se Te Pb Au Ag Ni Cu As Sb Zn Fe S Mo Sum
Native gold 0.05 - - - 88.08 1192 - - - - - - - 015 100.05
Native gold - - - - 90.67 923 - - - - - - - - 99.90
Average 0.03 - - - 89.38 10.58 - - - - - - - 008
Formula (Au, Bi, Mo) 085 Ag 0.10
Electrum - - - - 68.80 31.03 - - - - - - - - 99.83
Electrum - - - - 56.09 4432 - - - - - - - - 100.41
Electrum - - - - 60.63 40.16 - - - - - - - - 100.79
Electrum - - - - 55.61 4428 - - - - - - - - 99.89
Electrum - - - - 7209 2680 - - - - - - - - 98.89
Electrum - - - - 5746 4224 - - - - - - - - 99.70
Electrum - - - - 59.16  39.84 - - - - - - - - 99.00
Electrum - - - - 7212 27.09 - - - - - - - - 99.21
Electrum - - - - 56.92 4252 - - - - - - - - 99.44
Electrum - - - - 6486 3612 - - - - - - - - 100.98
Electrum - - - - 61.94 3798 - - - - - - - - 99.92
Average - - - - 6233 3749 - - - - - - - -
Formula Auos Agos
Hessite AgzTe - - 39.08 - - 61.28 - - - - - - - - 100.36
Hessite AgzTe - - 38.61 - - 6043 - - - - - - - - 99.04
Hessite AgaTe - - 37.20 - - 62.79 - - - - - - - - 99.99
Hessite AgzTe - - 33.75 - - 6575 - - - - - - - - 99.50
Hessite AgaTe - - 36.11 - - 63.81 - - - - - - - - 99.92
Hessite Ag2Te - - 34.19 - - 66.12 - - - - - - - - 100.31
Hessite Ag2Te - - 38.76 - - 61.64 - - - - - - - - 100.40
Hessite AgaTe - - 38.92 - - 6054 - - - - - - - - 99.46
Hessite AgzTe - - 37.39 - - 62.76 - - - - - - - - 100.15
Average - - 37.11 - - 62.79 - - - - - - - -
Formula Ag 19 Te 1.0
Naumannite AgsSe - 27.78 - - - 7230 - - - - - - - - 100.08
Naumannite AgaSe - 27.35 - - - 7222 - - - - - - - - 99.57
Naumannite AgsSe - 27.67 - - - 7172 - - - - - - - - 99.39
Naumannite AgsSe - 2791 - - - 72.35 - - - - - - - - 100.26

5 of 10



Naumannite AgsSe
Naumannite Ag:Se
Naumannite Ag:Se
Naumannite AgaSe
Naumannite AgaSe
Naumannite AgsSe
Naumannite AgaSe
Naumannite AgaSe
Naumannite AgsSe
Naumannite Ag:Se
Naumannite Ag:Se
Naumannite AgaSe
Naumannite AgSe
Naumannite AgsSe
Naumannite AgaSe
Naumannite AgaSe
Naumannite Ag:Se
Naumannite AgaSe
Naumannite AgsSe
Naumannite AgaSe
Average

28.10
27.65
27.37
27.35
26.91
28.29
27.68
28.22
27.41
27.54
27.79
27.66
27.64
27.07
27.82
27.23
27.98
28.60
27.09
27.73
27.66

71.77
72.29
71.65
72.06
71.99
71.35
72.33
71.45
7212
71.89
72.05
71.85
72.99
72.24
7221
72.38
71.63
71.90
72.35
72.26
72.06

99.87
99.94
99.02
99.41
98.90
99.64
100.01
99.67
99.53
99.43
99.84
99.51
100.63
99.31
100.03
99.61
99.61
100.50
99.44
99.99

Formula

Ag 193 Se 1.00

6 of 10



7 of 10

Sphalerite-wurtzite-chalcopyrite-isocubanite Breccias with Opal Cement

Bi Se Te Pb Au Ag Ni Cu As Sb Zn Fe S Mo Sum

Tellurobismuthite Bi-Tes  54.69 -  44.88 - - - - - - - - - - - 99.57
Tellurobismuthite Bi2Tes  49.66 - 5033 - - - - - - - - - - - 99.99
Tellurobismuthite Bi-Tes  55.07 - 4524 - - - - - - - - - - - 100.31
Average 5314 - 4682 - - - - - - - - - - -
Formula Bi210 Te s00
Tetradymite Bi2Te2S 6211 - 3356 - - - - - - - - - 502 - 100.69
Tetradymite Bi2Te2S 5893 - 36.00 - - - - - - - - - 412 - 99.05
Average 6052 - 3478 - - - - - - - - - 457 -
Formula Bi212Te 200 S 095
Hessite Ag2Te - - 33.04 - - 67.05 - - - - - - - - 100.09
Hessite AgzTe - - 3524 - - 64.06 - - - - - - - - 99.30
Hessite Ag2Te - - 3265 - - 66.74 - - - - - - - - 99.39
Hessite AgzTe - - 3968 - - 5934 - - - - - - - - 99.02
Hessite AgzTe - - 3658 - - 6381 - - - - - - - - 99.39
Hessite Ag2Te - - 3663 - - 6258 - - - - - - - - 99.21
Hessite Ag2Te - - 4009 - - 60.77 - - - - - - - - 100.86
Hessite Ag2Te - - 3537 - - 63.86 - - - - - - - - 99.23
Average - - 3604 - - 63.53 - - - - - - - -
Formula Ag 207 Te 100
Native gold - - - - 9389 538 - - - - - - - 050 99.27
Native gold - - - - 9453 591 - - - - - - - - 100.44
Native gold - - - - 887 1125 - - - - - - - - 100.00
Average - - - - 9239 751 - - - - - - - 0.50
Formula (Au, Mo) 089 Ag 007
Aurostibite AuSbz - - - - 4736 0.18 - - - 5226 - - - - 99.80

Formula Au 111 Sb 200




Altered Sulfide Breccias with Aragonite Cement

Bi Se Te Pb Au Ag Ni Cu As Sb Zn Fe S Mo  Sum
Native gold - - - - 9543  3.97 - - - - - - - - 99.40
Native gold - - - - 98.27  1.04 - - - - - - - - 99.31
Native gold - - - - 9422 538 - - - - - - - - 99.60
Native gold - - - - 9854 157 - - - - - - - - 100.11
Native gold - - - - 93.76  5.83 - - - - - - - - 99.59
Native gold - - - - 92,69  7.30 - - - - - - - - 99.99
Native gold - - - - 89.93  9.84 - - - - - - - - 99.77
Native gold - - - - 98.02 237 - - - - - - - - 100.39
Native gold - - - - 9116  8.82 - - - - - - - - 99.98
Native gold - - - - 8851  8.92 - - - - - - - - 97.43
Native gold - - - - 9559  4.02 - - - - - - - - 99.61
Native gold - - - - 9294  6.28 - - - - - - - - 99.22
Native gold - - - - 9427 517 - - - - - - - - 99.44
Native gold - - - - 9191 7.70 - - - - - - - - 99.61
Native gold - - - - 9718  3.63 - - - - - - - - 100.81
Native gold - - - - 93.63  5.61 - - - - - - - - 99.24
Native gold - - - - 9449 456 - - - - - - - - 99.05
Native gold - - - - 96.59  2.56 - - - - - - - - 99.15
Native gold - - - - 95.17  4.28 - - - - - - - - 99.45
Native gold - - - - 9148 8.14 - - - - - - - - 99.62

Average - - - - 9419 535 - - - - - - - -

Formula Au o9 Agoos

Electrum - - - - 60.12 39.16 - - - - - - - - 99.28
Electrum - - - - 62.06  38.81 - - - - - - - - 100.87
Electrum - - - - 6928 2887 - - - - - - - - 98.15
Electrum - - - - 57.71 4219 - - - - - - - - 99.90
Electrum - - - - 65.15 3426 - - - - - - - - 99.41
Electrum - - - - 7003 2918 - - - - - - - - 99.21

Average - - - - 64.06  35.41 - - - - - - - -

Formula Auoes Agoss
"Fahlore" Composition in Chalcopyrite Chimneys

Te Cu As Sb Zn Fe S Sum
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(Cu 1n3sFe 1.15) 1253 (As292 Sb 045 Te 049) 386 S 13.00
(Cu 1132 Fe 124 Zn 047) 13.03 (As 3.01 Sb 0.54) 3.55S 13.00
(Cu 1124 Fe 115 Zn 0.60) 1299 (As 293 Sb 0.44 Te 0.26) 263 S 13.00
(Cu 1136 Fe 119 Zn 055) 1310 (As 303 Sb 051) 354 S 13.00
(Cu 1145 Fe 123 Zn 056) 1324 (As 300 Sb 048) 348 S 13.00
(Cu 1135 Fe 1.15 Zn 051) 1301 (As 300 Sb 0.44 Te 0.16) 360 S 13.00
(Cu 1120 Fe 111 Zn 047) 1287 (As 283 Sb 053 Te 018) 354 S 13.00
(Cu 1136 Fe 120 Zn 0.49) 1305 (As 281 Sb 051 Te 015) 3.47 S 13.00
(Cu 1124 Fe 133) 1257 (As 3.01 Sb 045 Te 040) 386 S 13.00
(Cu 1078 Fe 128 Zn 052) 1258 (As 298 Sb 055) 3.53 S 13.00
(Cu 1131 Fe 124) 1255 (As 301 Sb 047 Te 032) 3.80 S 13.00
(Cu 1103 Fe 118Zn 052) 1273 (As 291 Sb 054) 345 S 13.00
(Cu 1097 Fe 113 Zn 056) 1266 (As 273 Sb 054 Te 0.44) 371 S 13.00
(Cu 11.28 Fe 1.05 Zn 028) 1261 (As 299 Sb 0.54) 353 S 13.00
(Cu 1123 Fe 120 Zn 056) 1299 (As 2.90 Sb 0.49) 339 S 13.00
(Cu 1156 Fe 122 Zn 057) 1335 (A 296 Sb 045) 341 S 13.00
(Cu 1123 Fe 1.10) 1233 (As 294 Sb 055 Te 0.44) 3.93 S 13.00
(Cu 1124 Fe 131 Zn 056) 1311 (As 291 Sb 0.54) 345 S 13.00
(Cu 1141 Zn 059) 12.00 (Sb 3.94 As 0.44) 438 S 13.00
(Cu 1109 Zn 062) 11.71 (Sb 3.83 As 0.40 Te 0.16) 439 S 13.00
(Cu 1161 Zn 032) 11.93 (Sb 393 As 036 Te 0.07) 436 S 13.00
(Cu 1151 Zn 0.05) 1156 (Sb 400 As 022 Te 0.16) 4.38 S 13.00
(Cu 1150 Zn 049) 11.99 (Sb 411 As 047 Te 0.01) 459 S 13.00
(Cu 1131 Zn 123) 1254 (Sb 3.90 As 054) 444 S 13.00
(Cu 1003 Zn 193) 11.96 (Sb 4.13 As 038) 451 S 13.00
(Cu 1133 Zn 1.26) 1259 (Sb 3.92 As 039 Te 0.04) 4.35 S 13.00
(Cu 1043 Zn 2.08) 1251 (Sb 3.87 As 022) 4.09 S 13.00
(Cu 1129 Zn 051) 11.80 (Sb 407 As 055 Te 0.04) 4.66 S 13.00
(Cu 1121 Zn 023) 11.44 (Sb 4.06 As 038) 444 S 13.00
(Cu 1076 Zn 178) 1254 (Sb 4.00 AS 032) 432 S 13.00

46.79
46.78
46.18
46.59
47.08
46.84
46.61
46.77
46.40
44.95
46.68
46.08
45.23
47.02
46.77
47.08
46.01
46.42
42.48
41.66
43.65
43.15
42.31
41.72
36.95
41.69
39.06
41.95
42.04
39.83

14.18
14.65
14.18
14.68
14.53
14.60
13.78
13.66
14.65
14.66
14.64
14.33
13.28
14.68
14.22
14.22
14.22
14.17
1.94
1.77
1.58
0.96
2.06
2.36
1.67
1.69
0.98
2.39
1.68
1.41

3.55
4.31
3.50
4.01
3.76
3.50
4.20
3.99
3.57
4.36
3.74
4.32
4.30
4.29
3.94
3.48
4.29
4.27
28.12
27.54
28.30
28.76
28.98
27.56
29.16
27.64
27.76
29.01
29.15
28.33

2.00
2.53
2.31
2.38
2.18
1.98
2.09

2.22

2.23
2.36
1.20
2.38
2.39

2.39
2.26
241
1.25
0.20
1.86
4.67
7.32
4.78
8.02
1.95
0.89
6.78

26.97
27.10
26.95
2691
26.96
27.06
27.08
27.01
27.08
27.34
27.08
27.39
27.04
27.34
27.32
26.72
26.88
27.08
24.42
24.63
24.65
24.59
2414
2420
2417
2413
24.56
24.38
24.59
24.27

99.66
99.36
99.64
98.79
99.17
99.66
99.12
99.15
99.82
98.21
99.32
98.69
99.92
98.38
99.02
98.25
99.02
99.08
99.22
99.22
99.95
98.85
99.36
100.51
99.27
100.24
100.38
99.97
98.35
100.62
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"Fahlore" Composition in Chalcopyrite-Sphalerite Chimneys

Te Cu As Sb Zn Fe S Sum
(Cu 11.22 Zn 064 Fe 063) 1249 (Sb 1.44 Te 058 As 0.08) 210 S 13.00 5.06 4842 041 1194 284 240 2830 99.37
(Cu 1135 Zn 063 Fe 059) 1257 (Sb 142 Te 053 As 0.11) 206 S 13.00 456 48.87 057 11.73 279 225 2825 99.02
(Cu 11.09 Fe 059 Zn 059) 1227 (Sb 1.36 Te 0.62 As 0.09) 2.07 S 13.00 542 48.06 048 1130 264 224 2842 98.56
(Cu 11.06 Fe 0.62Zn 056) 1224 (Sb 154 Te 0.62 As 0.05) 221 S 13.00 541 4776 027 1276 249 234 2833 99.36
(Cu 1131 Fe 071 Zn 057) 1259 (Sb 1.61 Te 0.52) 213S 13.00 452 4858 0.01 1322 254 269 2818 99.74
(Cu 1129 Fe 075 Zn 0.64) 1268 (Sb 1.50 Te 051 As 0.10) 2.1 S 13.00 438 48.18 049 1237 282 283 2817 99.24
(Cu 1140 Fe 075 Zn 058) 1273 (Sb 1.58 Te 0.25 AS 0.08) 191 S13.00 218 49.05 0.39 13.04 256 2.82 2821 9825
(Cu 1137 Fe 060 Zn 059) 1256 (Sb 1.37 Te 0.63 As 013) 2.13 S13.00 542 4899 068 1133 263 226 2826 99.57
(Cu 1140 Fe 072 Zn 057) 1269 (Sb 148 Te 056 As 0.04) 2.08 S 13.00 488 4948 020 1231 253 274 2846 100.60
(Cu 11.10Fe 063 Zn 055) 1228 (Sb 157 Te 0.62 As 0.01) 220 S 13.00 544 4830 0.05 13.08 248 241 2854 100.30
(Cu 1105 Fe 065 Zn 0.63) 1233 (Sb 1.53 Te 041 As 013) 207 S 13.00 354 4782 066 1270 280 249 2838 98.39
(Cu 1146 Fe 077Zn 056) 1279 (Sb 1.38 Te 0.59 AS 0.04) 201 S 13.00 513 4932 0.22 1139 248 292 2822 99.68
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