Supplement Table S1. Compositions of the different generations of arsenopyrite in Laozuoshan gold deposit (Data from EPMA, wt.%)

Stage No. Co Ag Fe S Zn Au Cu Ni As Total Fe* As* S* Data source
Apy-1 L-7D-2 208 <mdl 3318 1870 <mdl <mdl <mdl 004 4770 10169 0328 0351 0321
LDK-4-2 109 <mdl 3398 1884 <mdl 002 <mdl 026 4799 10218 0331 0349 0320
L-7B-2 419 <mdl 3009 1848 <mdl 002 <mdl 075 4775 10129 0307 0364 0329 Mengetal,
L-7B-5 299 <mdl 3197 1897 <mdl 001 <mdl 021 4667 100.83 0320 0349 0331 2020
L-7B-6 296 <mdl 3207 1853 <mdl 001 <mdl 009 4758 10124 0321 0355 0323
L-7B-11 282 <mdl 3217 1806 <mdl <mdl <mdl 0.0 49.02 10217 0321 0365 0314
L-7D-14 292 <mdl 3171 17.64 <mdl <mdl <mdl 037 4941 10205 0319 0371 0310
LDK-1-3 008 <mdl 3443 1749 <mdl 003 <mdl 009 4805 10018 0342 0356  0.302
LDK-1-5 023 <mdl 3408 1693 <mdl 004 <mdl 006 4921 10055 0340 0366  0.294
LDK-1-6 021 <mdl 3457 1756 <mdl 002 <mdl 004 4763 100.04 0343 0353 0304 In this study
LDK-1-7 034 <mdl 3381 1657 001 002 <md 009 5071 10155 0337 0376 0287
LDK-1-8 174 001 3290 1725 001 <mdl <mdl 002 4836 10028 0332 0364 0303
LDK-1-9 035 <mdl 3428 1764 <mdl 002 <mdl 009 4924 10162 0337 0361 0302
Max. 419 001 3457 1897 001 004 <mdl 075 5071 10218 0343 0376 0331
Min. 008 <mdl 3009 1657 <mdl <mdl <mdl 002 4667 10004 0307 0349 0287
Average 169 000 3302 1790 000 002 000 017 4841 10121 0329 0360 0311
S.D. 140 000 135 076 000 00l 000 020 106 076 0011 0009 0.013
Apy-2  LZS-3-1 029 <mdl 3486 1929 <mdl <mdl <mdl 001 4603 10047 0339 0334 0327
L.7S-3-3 007 <mdl 3510 1921 002 <mdl <mdl <mdl 4551 9990 0343 0331 0.326
L7S-3-4 0.13 <mdl 3546 1952 001 001 001 <mdl 4581 10094 0342 0330 0.328 Megize(;al"
L7S-3-33 019 <mdl 3509 19.63 <mdl 001 <mdl <mdl 4687 10178 0337 0335 0328
L7S-3-36 029 <mdl 3475 1934 <mdl <mdl <mdl <mdl 4595 10032 0338 0334 0328



LZS-3-38 0.04 0.03 3553 1940 <mdl <mdl <mdl <mdl 46.14 101.13  0.343 0332 0.326
LZS-3-17 0.09 <mdl 34.79 18.80 0.01 0.17 0.01 <mdl  48.45 102.36  0.336  0.348  0.316 In this study
Max 029  0.04 35.53  19.63 0.02 0.17 0.01 0.01 48.45 10236 0343  0.348  0.328
Min 0.04 <mdl 3475 1880 <mdl <mdl <mdl <mdl 45.51 99.90 0.336 0330 0.316
Average 0.16  0.01 35.08 19.31 0.00 0.03 0.00 0.00 4639 10099 0340 0335 0.326
S.D. 0.10  0.02 0.31 0.27 0.01 0.06 0.01 0.00 1.00 0.86 0.003  0.006  0.004
Apy-3  LZS-9T-03 6.83 <mdl 26.51 1792  <mdl <mdl <mdl 1.20 4942  101.87  0.280  0.390  0.330
LZS-9T-05 5.60  0.04 2835 17.79 0.01 0.17  <mdl 0.51 50.15 102.63  0.293 0386  0.320
LZS-9T-11 692 <mdl 27.10 1820 <mdl <mdl <mdl 0.58 49.17 10196 0284 0.384  0.332
LZS-9T-17 291 0.02 31.16 1851  <mdl 0.18 <mdl  0.33 48.67 101.77 0313 0364 0.323 )
LZS-9T-20 0.60 <mdl 33.69 1854 <mdl <mdl <mdl 0.01 4872 101.55 0329 0355 0.316 In this study
LZS-9T-25 502 <mdl 2730 17.52 <mdl 0.02  <mdl 1.93 5036 102.15  0.286 0.394  0.320
LZS-9T-28 129  <mdl 2920 17.24 <mdl 0.02  <mdl 2.11 50.62 10047 0301 0.389 0.310
LZS-9T-35 4.14  0.05 2934 18.16  <mdl 0.08 <mdl  0.97 50.07 10279 0299 0380  0.322
Max 6.92  0.05 33.69  18.54 0.01 0.18 0.00 2.11 50.62 10279  0.329 0.394 0.332
Min 0.60 <mdl 26.51 1724 <mdl <mdl <mdl 0.01 48.67 10047 0.280 0355 0.310
Average 4.16  0.01 29.08 17.98 0.00 0.06 0.00 0.95 49.65 101.90  0.298  0.380  0.322
S.D. 239 0.02 2.39 0.46 0.00 0.08 0.00 0.75 0.75 0.72 0.016 0.014  0.007
Apy-4 L-8Al1-3 0.18 <mdl 33.69 1929 <mdl 0.02  <mdl 0.98 46.42  100.58  0.331 0340 0.330
L-8A1-9 031 <mdl 3404 1988 <mdl 0.05 <md]l 0.09 46.18 100.55 0330 0334 0336 Mengetal,
L-8B-5 0.08 <mdl 3533 2009 <mdl <mdl <mdl 0.18 46.68 10236 0336 0331  0.333 2020
L-8B-3 0.05 <mdl 3493 1959 <mdl <mdl 0.01 0.56 46.62 101.75 0336 0335 0.329
LZK-6-1-2 0.04 0.01 3422 1953 <mdl <mdl <mdl 0.29 45.79 99.88 0.334 0333  0.332  In this study
Max 0.31 0.01 3533 20.09 <mdl 0.05 0.01 0.98 46.68 10236 0336 0340 0.336



Min 0.04 <mdl 3369 1929 <mdl <mdl <mdl 0.09 45.79 99.88 0.330 0331 0.329
Ave. 0.13 0.00 3444  19.67 0.00 0.01 0.00 0.42 4634 101.02  0.334 0335 0.332
S.D. 0.11 0.00 0.67 0.31 0.00 0.02 0.00 0.36 0.36 1.00 0.003  0.003  0.003

Notes: <mdl — under minimum detection limit; S. D. — standard deviation; Fe*-Fe (at.%) in arsenopyrite; As*-As (at.%) in arsenopyrite; S*-S (at.%)

in arsenopyrite.



Supplement Table S2. Compositions of gold in Laozuoshan gold deposit (Data from EPMA, wt.%)

Stage Sample Co Ag Fe Bi S Au Zn Te Cu Sb Ni As Total Name Date Source
Au-1  L-7B4 - 1508 010 - 016 8249 <mdl - <mdl - <mdl 001 9784 Electrum
L7B-13 - 1490 076 - 023 8153 <mdl - <mdl - <mdl <mdl 9742 Electrum
Meng et al., 2020
L7D-3 - 1454 034 - 027 8693 <mdl - 055 - <mdl <mdl 102.63 Electrum
L-7D-16 - 1745 025 - 007 8416 001 - <mdl - <mdl 001 10195 Electrum
LZS-7T-07 <mdl 1437 006 073 <mdl 8493 002 006 <mdl <mdl 003 004 10025 Electrum
LZS-7T-03 <mdl 1391 011 071 <mdl 87.04 0.4 013 <mdl <mdl <mdl <mdl 102.05 Electrum
LZS-7T-11 004 1511 004 057 <mdl 8298 002 0.10 <mdl <mdl <mdl <mdl 9887 Electrum
L-7B-3  <mdl 1411 010 083 <mdl 8727 <mdl 001 <mdl <mdl <mdl 003 10235 Electrum
L-7B-8  <mdl 1402 012 080 <mdl 8499 001 009 <mdl <mdl 002 002 100.07 Electrum .
L7B9  <mdl 1367 039 061 <mdl 8390 001 016 <mdl <mdl 001 <md 9874 Electrum s study
L7B-10 - 1373 025 - 004 838 001 - <mdl - 001 <mdl 9793 Electrum
L7D-2  <mdl 1400 036 0.65 001 8535 001 <mdl <mdl <mdl <mdl 003 10042 Electrum
L-7D-6 <mdl 1571 021 083 001 8438 003 004 <mdl <mdl <mdl <mdl 10121 Electrum
L7D-11 001 3210 028 0.64 004 6857 004 032 042 <mdl <mdl <mdl 10243 Electrum
Max 004 3210 076 083 027 8727 0.4 032 055 <mdl 003 004 102.63
Min  <mdl 13.67 004 057 <mdl 6857 <mdl <mdl <mdl <mdl <mdl <mdl 97.42
Everage 001 1591 024 071 0.06 8346 002 0.0 007 000 001 001 10030
SD. 001 477 019 010 009 460 004 0.0 018 000 001 001 187
Au-2  LZS36 - 773 010 - <mdl 9038 <mdl - <mdl - <mdl <mdl 9821 Native gold
178321 - 733 003 - 034 8987 001 - <mdl - <mdl 0.0 97.68 Electrum Meng et al, 2020
178322 - 901 019 - 009 9045 001 - <mdl - <mdl 005 99.80 Nativegold
LZS3-1-1 <mdl 812006 0.72 <mdl 9018 <mdl 005 <mdl 000 003 008 9923 Nativegold ..
L7832 <mdl 797 007 071 003 9142 <mdl 002 002 000 00l 004 10029 Nativegold




Max <mdl 9.01 0.19 072 034 9142 0.01 005 0.02 0.00 0.03 0.10 100.29
Min <mdl 733 0.03 0.71 <mdl 89.87 <mdl 0.02 <mdl <mdl <mdl <mdl 97.68
Everage 0.00 8.03 0.09 0.71 0.09 9046 0.00 0.04 0.00 0.00 0.01 0.05 99.04
S.D. 0.00 0.62 0.06 0.01 0.14 0.58 0.01 0.02 001 000 0.01 0.04 1.09
Au-3 LZS-9T-07 022 0.61 1.67 071 0.01 9843 0.0l <mdl <mdl 0.01 0.07 0.05 101.79 Native gold
LZS-9T-02 0.16 4502 121 065 020 5177 001 0.09 <mdl <mdl 006 041 99.57 Electrum
LZS-9T-04 0.15 4262 190 042 0.04 5558 <mdl 043 <mdl <mdl 006 0.05 101.24 Electrum
LZS-9T-10 0.15 19.14 099 049 0.06 7869 0.03 0.19 <mdl <mdl 002 0.02 99.79 Electrum
LZS-9T-14 0.07 46.55 091 047 0.05 5271 <mdl 0.04 <mdl <mdl 006 0.07 100.94 Electrum In this study
LZS-9T-19 <mdl 3872 0.09 048 <mdl 5835 <mdl 042 <mdl <mdl <mdl 0.01 98.09 Electrum
LZS-9T-27 0.06 3390 096 043 0.04 6200 0.09 035 <mdl <mdl 0.09 004 9795 Electrum
LZS-9T-30 029 4246 4.18 049 0.88 5026 <mdl 037 <mdl <mdl 0.14 1.88 100.92 Electrum
LZS-9T-31 0.13 3566 1.03 048 0.01 6299 005 042 <mdl <mdl 0.05 0.04 100.85 Electrum
LZS-9T-33 0.09 46.12 0.69 033 0.05 5023 001 045 <mdl <mdl 0.01 0.10 98.07 Electrum
Max 0.29 46.55 4.18 0.71 0.88 9843 0.09 045 <mdl 0.01 0.14 1.88 101.79
Min <mdl 0.61 0.09 033 <mdl 5023 <mdl <mdl <mdl <mdl <mdl 0.01 97.95
Everage 0.13 3508 136 050 0.13 6210 002 027 000 000 006 027 99.92
S.D. 0.08 14.61 1.11 0.11 027 1538 003 0.18 0.00 000 0.04 0.58 1.45
Notes: <mdl — under minimum detection limit; S. D. — standard deviation; “-” — untested



Supplement Table S3. Compositions of the Bi-minerals in Laozuoshan gold deposit (Data from EPMA, wt.%)

Stage Sample Co Ag Fe Bi S Au Zn Te Sb Se Total Chemical Formula Name
Bi-Te-1 L-7D-4 0.11 <mdl 1.22 6321 0.05 <mdl <mdl 36.63 <mdl 0.17 101.39 BijosTe Tsumoite
LZS-7T-06 <mdl 0.02 0.06 6795 <mdl <mdl 0.03 30.13 <mdl 0.29 9849 Bi 3sTe Pilsenite
L-7B-11  <mdl <mdl 023 67.69 0.03 0.05 <mdl 2990 <mdl 0.03 97.92 Bii3sTe Pilsenite
LZS-7T-08 <mdl <mdl 0.53 6396 481 0.13 0.01 3033 <mdl 0.23 100.00 Biz04Te1 58S Ingodite
LZS-7T-02 <mdl <mdl 0.10 65.09 5.04 <mdl <mdl 2847 <mdl 049 99.20 BijosTe1 428 Ingodite
LZS-7T-05 <mdl <mdl 1.11 68.60 529 <mdl 0.56 2537 <mdl 0.54 101.47 Bijg9Te1 20 Ingodite
L-7B-2 <mdl <mdl 020 66.85 5.05 0.02 0.02 2550 <mdl - 97.65 Biz03Te127S Ingodite
L-7B-6 <mdl 0.03 023 67.68 511 <mdl 0.03 2499 <mdl - 98.07 Biz03Te1 23S Ingodite
L-7B-10  <mdl <mdl 0.60 69.96 4.05 <mdl <mdl 2137 <mdl 120 97.18 BizesTer 338 Ingodite
LZS-7T-12 0.01 <mdl 0.15 73.13 264 0.10 0.03 2183 <mdl 040 9827 Bis2sTez.08S Joséite-B
LZS-7T-01 <mdl <mdl 0.29 73.04 258 <mdl 0.03 2210 <mdl 0.56 98.60 Bis3sTes.15S Joséite-B
LZS-7T-04 <mdl <mdl 0.62 7525 270 <mdl 120 21.78 <mdl 0.56 102.10 Bis2sTer03S Joséite-B
L-7B-5 0.01 <mdl 0.14 7384 233 <mdl 0.03 2105 <mdl 126 98.66 BisgsTe227S Joséite-B
L-7B-12  <mdl 0.03 0.11 7498 246 0.14 <mdl 20.87 <mdl 1.10 99.69 Bis¢7Te2.13S Joséite-B
L-7B-14 <mdl 0.02 0.10 7452 2.65 0.04 <mdl 2191 <mdl 028 99.52 Bis32Tez.08S Joséite-B
L-7B-15 <mdl <mdl 0.19 7404 2.66 <mdl <mdl 21.50 <mdl 045 98.84 Bis26Te2.03S Joséite-B
L-7D-3 <mdl <mdl 0.13 7451 2.63 0.10 <mdl 2121 <mdl 0.50 99.08 Bis34Te203S Joséite-B
L-7D-1 <mdl 0.03 0.12 7509 2.64 0.03 <mdl 21.77 <mdl - 99.67 Biy36Te2.07S Joséite-B
L-7D-7 0.03 006 0.14 7502 263 <mdl <mdl 2127 <mdl 0.76 99.90 Biy37Te2.03S Joséite-B
L-7D-8 0.02 001 021 7548 276 0.07 0.03 2159 <mdl 0.23 100.39 BiyooTe1.97S Joséite-B
L-7D-12  <mdl <mdl 0.17 7568 270 0.13 0.07 2094 <mdl 0.66 100.35 Biyzo0Te1.95S Joséite-B
L-7D-10 <mdl <mdl 049 9996 0.04 <mdl 0.01 <mdl 0.01 0.00 100.52 Bi Native Bismuth
Bi-Te-2  LZS-3-9 <mdl 0.01 0.08 3332 <mdl 6426 <mdl <mdl <mdl <mdl 97.67 Ay 0sBi Maldonite
LZS-3-1-14 0.01 <mdl 0.02 33.06 0.01 6501 0.02 <mdl 0.02 - 98.14 Au 9Bi Maldonite



LZS-3-1-16 0.01 <mdl 0.68 77.35 0.03 0.02 <mdl 19.97 <mdl - 98.05 Biz37Te Hedleyite
LZS-3-4 <mdl 0.01 0.19 80.07 <mdl <mdl <mdl 1858 <mdl 0.10 9896 Bize3Te Hedleyite
LZS-3-1 0.04 <mdl 0.17 96.78 <mdl <mdl <mdl <mdl 098 <mdl 97.97 Bi Native Bismuth
LZS-3-12 <mdl <mdl 0.11 9784 <mdl 0.04 0.01 <mdl 1.13 <mdl 99.12 Bi Native Bismuth
LZS-3-7 <mdl 0.03 0.07 98.14 <mdl <mdl <mdl <mdl 0.31 0.02 98.58 Bi Native Bismuth
LZS-3-1-13 <mdl 0.03 0.04 9755 <mdl 0.09 0.02 <mdl 041 - 98.14 Bi Native Bismuth
LZS-3-1-4 0.04 <mdl 0.54 9947 <mdl 0.01 <mdl <mdl 0.94 - 100.98 Bi Native Bismuth
Bi-Te-3 LZS-9T-12 030 028 2.16 3432 0.04 6517 004 <mdl <mdl 0.13 10244 Auy 01Bi Maldonite
LZS-9T-34 0.10 0.18 147 6557 0.01 0.06 0.03 3248 <mdl 0.14 100.05 Bij23Te Pilsenite
LZS-9T-23 0.18 <mdl 0.85 7534 250 <mdl <mdl 1941 <mdl 1.58 99.86 BisgexTeq.95S Joséite-B
LZS-9T-24 0.11 0.06 070 7538 2.52 0.08 <mdl 19.15 <mdl 1.37 9938 BisgoTe1.91S Joséite-B
LzZS-9T-01 0.16 0.01 0.85 7590 228 0.07 0.01 1791 <mdl 2.82 99.99 Bis.12Te1.98S Joséite-B
LZS-9T-15 0.02 <mdl 0.58 80.52 570 0.06 0.02 11.39 <mdl 0.73 99.01 Bis31TeS1.99 Joséite-A
LZS-9T-13 0.11 0.09 060 97.01 <mdl 0.05 0.07 <mdl 0.02 <mdl 9795 Bi Native Bismuth
LZS-9T-18 <mdl 0.07 034 99.84 <mdl 0.04 0.03 <mdl 0.09 0.02 100.43 Bi Native Bismuth
LZS-9T-29 0.19 0.01 222 9986 0.02 <mdl <mdl <mdl <mdl <mdl 102.30 Bi Native Bismuth
LZS-9T-16 0.10 0.02 0.89 10027 <mdl <mdl <mdl <mdl 0.04 <mdl 101.33 Bi Native Bismuth
Notes: <mdl — under minimum detection limit; “-”” — untested



