Supplementary Tables

Table S1. Chemical composition of Zn sulfides of the Irinovskoe HSF, wt%.

Figure no. Analysisno.  Zn Fe Cd Cu Ag Pb S Total  FeS, mol% Formula
Wurtzite
S1-1 29016h 56.82  9.61 0.75 3259 99.77 8.33 (Zno.ssFeo.17Cdo.01)1.0351.00
29016i 5355 11.70 0.83 33.09 99.17 10.13 (Zno.79Fe0.20Cdo0.01)1.00S1.00
29016j 54.67 11.52 0.34 3293  99.46 9.95 (Znosi1Feo20)1.0251.00
51-34 29001a 51.96 13.62 34.01 99.59 11.62 (Zno75Fe023)0.9851.00
51-43 28131e 4479 18.68 0.80 1.53 33.35 99.14 15.99 (Zno.s6Fen32Cu0.02Cdo.01)1.01S1.00
28131g 57.15 935  0.00 0.43 32.87 99.81 8.07 (ZnossFeo.16Cu0.01)1.0251.00
Reniform sphalerite
4b 290011 59.72  3.69 2.05 1.86 32.75 100.08 3.26 (ZnossFeo.06Ago.02)0.9851.00
29001;j 59.78 2.38 0.28 0.13 1.40 3.69 32.03 99.70 2.14 (Znos2Feo.0sAgo.o1)09851.00
29001k 59.86 4.59 0.45 204 3272 99.66 4.04 (ZnosoFeo.08Ago.02)0.9851.00
S1-8 29001I¢ 56.19 2.72 0.31 2.82 6.61 30.61 99.26 2.53 (ZnosoFeo.05Ago.03) 0.9851.00
29001mr 5713 277 032 2.58 499 3154 9931 2.53 (ZnosoFeo.0sAgo.2) 0.9751.00
29001nr 60.32 480 023 1.14 058 3261 99.68 4.21 (Znos1Feo.0sAgo.o1)1.0051.00
51-10 29031r 3835 877 22.59 29.61 99.33 8.41 (Zno.e4Cdo22Feo.17)1.0251.00
29031s 50.05 959  8.05 32.31 100.00 8.51 (ZnoseFeo17Cdo.or)1.00S1.00
29031u 5320 11.19 045 3424 99.08 9.60 (ZnoseFen.19)0.9551.00
Framboidal sphalerite
S1-9 29023he 60.79 2.05 2.88 3344 99.16 1.81 (Zno.s9F€0.04)09351.00
29023ir 63.49 252 0.00 33.14 99.15 2.20 (Zno.94Fe0.04)09851.00
Microcrystalline sphalerite
S1-20 290211 52.03 13.16 0.83 3390 99.91 11.21 (Zno.7sFe0.22C110.01)0.9951.00
51-28 29036b 5796  3.28 1.12 513 3157 99.06 2.99 (Zno.soFeo.06Ago.01)0.9751.00
51-32 29031b 4950 15.87 33.82  99.18 13.56 (Zno72Feo27)0.99S1.00
51-33 29039a 51.02 14.74 0.83 3294 99.53 12.69 (ZnozsFeo26Ago.01)1.0251.00
51-26 28131c 4948 15.70 0.25 33.63 99.06 13.44 (Zno72Feo27)0.99S1.00
Anhedral microcrystalline sphalerite
4g 29006k! 3323 095 3832 26.50 99.21 1.00 (Zno.s1Cdo.41Fe0.02)1.0451.00
4g 290061 48.35 143  20.09 2931 99.17 1.38 (Zno.s1Cdo20Fe0.03)1.0451.00

Anhedral microcrystalline sphalerite




Figure no. Analysisno.  Zn Fe Cd Cu Ag Pb S Total  FeS, mol % Formula
5¢ 29022j 35.68 936 25.88 29.08 100.00 9.06 (Zno.soCdo25Fe018)1.0451.00
29022k 47.75 1258 6.82 32.84 100.00 11.04 (Zno71Fe022Cu0.06) 09951.00
S1-2 29000b 5351 047 12.55 3.19 2941 99.14 0.45 (Znos9 Cdo2Feo.01)1.0251.00
29000a 5143 13.12 0.56 0.89  34.05 100.06 11.22 (Zno74Feo22)0.97S1.00
51-3 29031n 59.36 681 3344 99.61 5.88 (Znos7Fen.12)0.9951.00
S1-4 29001d 5419 1096 0.19 0.40 3344 99.18 9.45 (Znor9Fen.19Cu0.01)0.9951.00
29001e 53.72 1148 045 0.18 33.64 99.48 9.87 (Zno.78Fe0.20)0.9951.00
29001g 55.62 941 0.35 0.81 33.19 99.39 8.14 (Znos2Fen.16Cu 0.01)1.0051.00
29001h 52.88 12.89 0.44 0.00 33.64 99.85 11.03 (Zno.77Feo.22)0.9951.00
S1-11 29019¢f 4944 15.08 0.00 0.73 33.86 99.11 12.89 (Zno72Feo26Cuo.01) 09851.00
29019g 4997 1333 1.56 0.87 3394 99.68 11.42 (Zno.72Feo23Cdo.01Cuo.01)0.97S1.00
29019h 3875 563 2275 134 2.00 29.61 100.08 5.45 (Zno.64Cdo22Fe0.11Cu0.02)09951.00
290191 36.01 349 2627 1.86 349 2827 99.39 3.52 (Zno.62Cdo27Feo.07Cu0.03)09951.00
29019j 3243 083 3819 112 0.00 2692 99.49 0.87 (Zno59Cdo.40Fe0.02Cuo.02)1.0351.00
29019k 3253 140 3631 1.74 0.00 2726 99.24 1.45 (Znos9Cdo3sFe0.03Cuo0.03)1.0351.00
51-12 29019a 4376 196 2329 0.86 2942 99.29 1.90 (Zno.73Cdo23Fen04Cuo.01)1.0151.00
29019b 4422 255 2324 0.00 29.37  99.38 2.47 (Zno.7a Cdo2sFeo.05)1.0151.00
29019c¢ 4245 132 2653 0.00 2895 99.25 1.30 (Zno.72Cdo26F€0.03)1.01S1.00
29019d 40.04 269 2725 0.00 29.06 99.04 2.66 (Zno.6sCdo27F€0.05)1.00S1.00

Hereinafter, empty box, not determined; ¢, center; ¥, rim; , the analyses contain 0.21 wt % Sb. The formulas of Zn sulfides are based on one S atom.



Table S2. Correlation coefficients between chemical elements in various Zn and Cd sulfides of the Irinovskoe HSF.

Zn-Fe 7Zn-Cd Fe-Cd Fe-Ag Fe-Pb Ag-Pb Zn-Pb Cd-Pb
Zn sulfides
Wurtzite -0.96 0.36 -0.53 0.25 - - - -
Reniform sphalerite -0.58  -0.91 0.52 -0.85  -0.67 0.80 0.12 -0.36
Framboidal sphalerite -0.96 - - - - - - -
Microcrystalline sphalerite -0.99 - - - - - - -
Acicular sphalerite* 0.75 -093 094 - -0.30 - -0.85  -0.60
Anhedral sphalerite 0.64 -0.93 -0.87 - - - - -
Cd sulfides
Zn-Fe 7Zn-Cd Fe-Cd Cd-Ag Cd-Cu Zn-Cu
Anhedral to subhedral grains ~ 0.57 -0.46 030 -0.84 0.08 -0.38
Acicular crystals* -017 090 029
Spongy aggregates 0.75 -0.32 -0.82 -0.54 - -
All CdS phases 0.10 -0.85  -0.02  -0.06 0.54 -0.70

The correlation coefficients are calculated in Statistica v. 10 program on the basis of chemical composition of Zn sulfides
presented in Tables 2 and SM-1. Red values are significant correlation coefficients at a probability level of <0.05. *, all

correlation coefficients are insignificant because of the low amount of analyses.

Table SM3. Chemical composition of Cd sulfides of the Irinovskoe HSF, wt%.

Figure  Analysis Cd Zn Fe Cu Pb Ag S Total Formula
no. no.
Anhedral grains and subhedral crystals
SM1-3 29031m 4750 25.15 0.39 26.31 99.35 (CdosiZnoarFeoo1)o99S1.o0
SM1-10 290310 51.10 22.66 0.00 25.61 99.37  (CdosrZno4sFeoon)1.00S1.00
29031p 5576 18.63 0.00 2490 99.29  (CdossZnosrFeooo)101S1.00
29031q 48.46 24.87 0.00 26.35 99.68  (Cdos2Znoas)oosSt.oo
29031v  50.70 2233 0.53 26.33 99.89 (CdossZnosFeoo1)ossSio
29031t  48.27 24.86 0.50 26.37 100.00 (Cdos2Zno.s6 Feoo)1.0051.00
SM1-13 29030d  55.36 18.50 0.62 2478 99.26  (CdossZnosrFeoor)io2Sio0
29030c  54.30 19.20 0.56 2539 99.45 (Cdos1ZnoszFeooi)o9sSio
SM1-14 29020d  43.75 2640 1.87 0.66 27.32  100.00 (Cdo46Zno.a7Feoos)ossStoo
29020e 51.51 1749 440 045 26.15 100.00 (CdoseZnossFeoto Cuoor).00S1.00
SM1-15 29011h 63.60 552 3.15 0.69 4.89 2215 100.00 (Cdos:Znoi2FeoosAgoorCuooz)1.10S1.00
29011i 62.16 754 419 047 391 21.73 100.00 (Cdos2Znoi7Feo11AgoosCuoor)i.1651.00
29011 6274 791 292 0.66 3.23 2253 100.00 (CdorZnoi7FeoorAgoosCuoot)ii0Sio0
Acicular crystals
SM1-16 29022a 51.62 17.74 4.56 2515 99.07 (CdosvZnossFeoo)1.04S1.00
29022b  48.82 18.04 6.38 2593 99.17 (CdossZnossFeois)102S100
29022c¢  43.35 17.10 10.81 2797 99.23  (Cdo4sZnosoFeo22)09651.00
29022d 3852 2210 6.71 5.87 25.82  99.03 (CdossZnoaFeo1s Pboos)1.0351.00

The formulas of Cd sulfides are based on one S atom.



Table S4. Chemical composition of chalcopyrite, isocubanite, covellite and galena of the Irinovskoe HSF. wt%.

Figure Analysis Cu Fe Zn Ag Sb Pb S Total Formula
no. no.
Chalcopyrite
SM1-4 29001f  30.25 28.04 597 3497  99.23  Cuosr(Feo92Znoi17)109S2.00
Isocubanite

SM1-43  28131d 20.78 41.09 2.20 3518  99.26  Cuoss(Fe201Zn0.09)2.10S5.00

28131f 20.17 41.85 2.38 3484 99.24  Cuoss(Fe207Zn0.10)2.10S5.00
Acicular covellite

SM1-20 29021i* 63.55 0.70 0.26 34.07  99.19  (CuossFeo01)0.9551.00
290215 5312 343 852 3493 100.00 (Cuor7Znoa2Feo.06)09551.00
29021k 5395 336 7.35 3534 100.00 (Cuor7Zno.aoFeo.0s)09351.00

Ag-rich Cu sulfides
7e 29030b  22.84 1.61 3572 17.45 21.53  99.15  (Cuos4Ago44Sbo21710.04)12851.00

SM1-38  29029f  33.93 38.38 2697 9929  (Cuos3Ago42)1.0651.00

SM1-24  29033c¢  30.26 0.62 40.67 3.19 2475 9949  (Cuos2Age4sSboosZno.on)11551.00

SM1-38  29029g 3291 33.00 9.50 2445  99.86  (CuossAgo.40Sbo.o)1.1851.00

SM1-42 290060 43.80 1.53 29.85 2481 100.00 (CuossAgossZnoos)12851.00

Galena

SM1-26  2813la 86.35 1342  99.77  PbuooSto0
28131b 86.47 1341  99.89  PbuooSto0

SM1-27  29037a 85.88 13.52  99.39  PbuooSto0

SM1-31  29032a 85.58 13.61  99.20  PbosSi.00

1, analysis contains 0.61 wt % Co. The formulas of minerals are based on two (chalcopyrite), three (isocubanite), and one
(covellite and galena) S atoms.

Table S5. Chemical composition of non-stoichiometric Ag-Sb—Cu minerals of the Irinovskoe HSF, wt%.

Figure no.  Analysis no. Ag Cu Sb Zn S Total
9d 29033d 55.47 11.68 12.17 1.13 1858 99.03
SM1-22 29034b! 60.29 963 12.69 120 14.61 99.10
SM1-23 29033j 54.09 1270 1295 0.84 19.15 99.73
SM1-24 29033a 56.63 12.06 1034 0.75 19.43  99.20
SM1-24 29033b 55.91 1258 1041 0.74 19.63 99.28
SM1-34 29001b 59.70 526 1221 1.39 20.67 99.23
SM1-34 29001c 6230 6.63 11.27 1.13 1855 99.89
SM1-36 29034e2 6259 6.08 11.19 131 1790 99.42
SM1-39 29022¢3 41.79 20.12 14.44 22.80 100.00

The analyses contain 0.69 wt % Cd (), 0.35 wt % As (%) and 0.84 wt % Fe (3).



Table S6. Chemical composition of Fe- and Mn-oxyhydroxides of the Irinovskoe HSF, wt%.

Figure Analysis MnO FeO ZnO SiO: AROs CaO MgO P0s SOs Cl KO V205 CoO NiO PbO TiO2 Total

no. no.
Fe-oxyhydroxides after opal
SM1-44  29009c 5460 316 1826 3.55 2.00 0.22 81.79
29008c 5165 147 1856 3.05 2.02 76.75
29040b 5391 1.03 1558 3.03 1.65 75.21
Fe-oxyhydroxides after ZnS
SM1-33  29039b! 39.08 528 545 211 14.37 0.15 82.82
29039d 5548 400 644 262 255 0.26 71.35
29038e 5217 644 751 341 0.19 359 024 73.54
Mn-free Fe-oxyhydroxides from the outer crust
10c 28130h 5772 392 728 271 039 077 165 236 027 77.06
SM1-47  29046b 5895 369 530 093 013 000 070 172 045 0.48 72.35
29046a 5865 414 706 141 027 041 058 071 055 0.78 74.55
29046d 5115 293 783 325 052 110 040 234 042 0.38 70.44
SM1-48  29046e? 5724 275 571 075 041 057 111 084 047 0.43 70.52
29046f3 5597 311 564 160 033 031 119 101 035 0.62 70.51
29046g* 5507 264 725 075 033 097 049 087 031 0.60 69.53
29046h 5030 250 773 327 064 075 126 212 037 0.79 69.73

Mixed aggregates of Fe- and Mn-oxyhydroxides from the outermost crust

SM1-45 29045e  27.22 14.06 11.52 4.49 142 161 092 063 687 025 066 033 078 032 072 032 7214

29045f 2494 1220 9.08 4.42 123 118 058 057 611 019 0.55 0.79 0.26 62.09
29045g 3854 6.59 1582 236 115 195 209 028 256 019 020 036 0.26 72.34
29045h 2342 1751 7.66  7.19 1.74 239 230 103 099 055 64.79
290451 112 5774 6.65 5.70 088 068 046 154 186 0.16 0.73 77.53
29045j 820 4262 674 552 117 154 086 102 539 020 031 065 042 74.64
29045k 720 4695 674 @ 6.30 09 062 069 136 448 015 027 066 0.00 038 76.77
SM1-46 290451 17.65 19.33 1026  7.50 360 125 094 208 527 030 041 025 1.85 124 037 7228
29045m 1899 1936 10.14 724 326 111 105 09 527 033 037 037 226 1.87 036 7293
29045n 2523 851 1090 7.24 288 121 158 034 344 046 021 029 295 133 030 66.87
290450 485 4673 7.04 6.99 158 080 083 162 555 021 034 055 020 081 039 7848
29045p 408 46.72 438 524 112 1.65 036 202 286 033 017 055 0.13 123 042 7124

*, The analyses contain: !, 13.37 wt % Ag>O and 3.01 Cu20; 234, 0.20, 0.36 and 0.26 wt % Cu20, respectively.



Table S7. Chemical composition of baryte and anglesite of the Irinovskoe HSF, wt%.

Figure = Analysis BaO SrO PbO FeO CaO SOs  Total

no. no.
Baryte
10c 28130g  57.02 6.04 059 036 3561 99.62
SM1-47  29046c  56.46 5.32 1.06 035 36.10 99.29
SM1-49  29021a  56.90 5.32 0.69 078 3554 99.22
Anglesite

10d 29021b 75.10 2490 100.00
29021c 74.96 25.04 100.00
29021d 73.73 26.27 100.00

Table S8. Analytical uncertainties for AAA-based contents of chemical elements of chimney samples from the Irinovskoe
HSF, ppm.

Sample | Fe* | Cu Zn Cd Pb Co Ni Au Ag
IMin data

241-1/1 | £0.59 | £11490  +911 £9.44 656 #5751 +17.64 +£1.68 £9.02

241-2/2 | +0.52 | 2048 #4140 +77.35 +44.28 126  +10.63 227  +27.18

241-2/3 | +047 | £1077 #6213 220 286 #4797 +11.03 +1.80 +48.07

PMGE data (unpublished report 2011)

241 +0.38 | +0.20*  +0.59* - +143 +68.31 +31.52 227 +24.21
241-m-2 | £0.62 | +0.15*  +0.53* +181 +295 +65.52 +1548 +0.84 +37.94
* wt %

Table S9. Analytical uncertainties for ICP-MS-based contents of chemical elements of chimney samples from the
Irinovskoe HSF, ppm.

Sample Ti V. C Mn As Se Sr Mo Sn Sb Te Ba TI Bi U
241-1/1 101 30 45 71 74 47 117 132 309 17 17 80 02 20 02
241-2/2 280 31 49 517 137 105 76 15 76 428 03 97 17 08 1.0
241-2/3 543 129 44 172 151 51 412 223 67 68 0.1 536 27 0.1 08

Table S10. Composition of primary reactants in calculations (atomic amounts).

Basaltic glass (1 kg)*  Peridotite (1 kg)*™  Seawater (per 1 kg H20) Volcanic gas (10 g)

[39] [40] [41] [42]

Ag 2.1x107 1.98x10~ 1.9x10-1 9.5x10-10
Al 2.97 0.563 1.1x10°

As 2.27x10- 8.51x10-6 1.6x10-%
Au 6.1x10~ 1.4x108 1x10-13 7.6x10-11
B 6.289x10+ 4.162x10+

Ba 3.578x10+ 8.411x10- 1.09x107 1x10-*
Bi 3.5x10-¢

Br 4.74x10-6 8.385x10+

C 5.838x10- 0.016 2.248x10-3 0.073
Ca 2.0718 0.0315 1.028x10-2
Cd 1.266x10-6 3.98x107 6x10-10 2.67x107
cl 3.621x10° 0.546 1.628x10
Co 7.535x10~ 1.738x10-3 2x10-11

Cr 6.493x10- 0.058 4x10-°




1.3x10-3
1.494x10-2
1.376
0.318
4.544x107
0.041
1.885
0.025
5.501x10-6
0.807
4.01x10-3
28.109
0.023
3.297x10-¢
0.031
1.46x10-7
4.132x10-6
8.425
1.6x10-3
2.4x10-8
0.178
1.16x10-7
1.1398x10-3

3.477x10+

1.137
0.803

0.011
10.088
0.024

0.049
0.038
27.853

6.033x10-¢
0.0402
1.782x10-¢
1.208x10-¢
7.37
3.554x10+

0.01

7.834x10+

2.4x10-0
6.843x10-5
5.4x10-10
1.14x10-°
4.57x10-7
1.02x10-2
0.053
3.6x10-10

0.469
8.2x10-°
0.1196
2.002x10-¢
1.3x101
0.028
1.64x10-°
2x10-°
9.97x10-5
8.902x10-5

6.4x10-11
5.4x10-°

3.15x10~7

1.178x10-3

7.341x10-¢
0.445

8.184x10-¢

2.318x102

2.653x10-5

0.437

2.4x108

0.04

3.3x10-10
2.91x107

3.06x10~7

* and **, average for 3480 and four analyses, respectively. Data from PetDB database
[39] were downloaded on May 22, 2018. The primary data were recalculated for atomic
amounts of elements. The composition of seawater was corrected for pH value of 8.06 (T
25 °C, P 1 bar) by adding 0.00015 m HCIL.



