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SUPPLEMENTARY TABLES 1-6

SOURCES OF PLATINUM-METAL DEPOSITS FROM POLAR SIBERIA AND MIDDLE URALS:
EVIDENCE GROM RADIOGENIC (RE-OS, PT-OS) AND STABLE (CU, S) ISOTOPES

K.N. Malitch, I.S. Puchtel, 1.Yu. Badanina, S.L. Votyakov, N.G. Soloshenko, E.A. Belousova, T.A.
Velivetskaya, A.V. Ignatiev

Table S1. Concentrations of highly siderophile elements (ppb) in chromitite and clinopyroxenite from the Guli
and Nizhny Tagil massifs

Ne obpasia Os Ir Ru Rh Pt Pd Au Re XHSE Pt/Pd Pt/Ir
G-40 277.8 215.9 370.6 - 1.0 0.27 n.a. 0.14 865.71 3.7 0.005
G-3 43 62 212 6.7 13 1.0 n.a. 0.29 326.29 13 0.021
G-5 94 34 56 4.6 11 1.0 n.a. 0.15 190.85 11 0.032
G-86 0.10 0.24 0.11 0.30 7.25 4.25 n.a. 0.54 12.79 2.0 31.97

NT-14 4 76 8 29 1190 16 22 n.a. 1345 74.38 15.67

Note. Samples G-40, G-3, G-5 — chromitites from the Guli massif; sample G-86 — clinopyroxenite from the Guli massif; sample
NT-14 — chromitite from the Nizhny Tagil massif; «n.a.» — not analyzed.

Table S2. Chemical and Cu-isotope data for laurite and erlichmanite from the Guli massif

Analysis # | Mineral, Figure Ru Os Ir Rh Fe Ni S As Total Ru# | &%s
1 Lr, Fig. 56 60.02 0.74 0.13 0.26 <d.l. <d.l. 38.84 <d.l. 99.99 99 06
2 Lr, Fig. 56 32.48 32.31 2.06 0.37 <d.l. <d.l. 32.62 <d.l. 99.84 65
3 Lr, Fig. 56 34.01 30.71 2.32 0.27 <d.l. <d.l 32.77 <d.l. 100.08 68 0.0
4 Lr, Fig. 56 52.34 9.11 1.60 0.23 <d.l. <d.l. 36.81 <d.l. 100.09 92
5 Lr, Fig. 58 26.32 36.98 477 0.29 <d.l. <d.l. 31.49 <d.l. 99.85 57 15
6 Erl, Fig. 58 4.75 62.99 5.87 <d.l. <d.l. <d.l. 26.25 <d.l. 99.86 12 1.2
7 Erl, Fig. 58 2.56 66.33 5.49 <d.l. <d.l. <d.l. 25.63 <d.l. 100.01 7 14
8 Lr, Fig. 58 25.56 37.55 5.19 0.33 <d.l. <d.l. 31.18 <d.l. 99.81 56
9 Lr, Fig. 58 40.77 21.17 341 0.43 <d.l. <d.l. 34.28 <d.l. 100.06 78 2.1
10 Erl, Fig. 58 4.40 63.79 5.14 <d.l. <d.l. <d.l 26.31 <d.l. 99.64 11
11 Erl 0.81 65.97 4.99 <d.l. <d.l. <d.l. 25.83 0.26 99.20 2 1.3
12 Erl 0.84 67.03 5.37 <d.l. 1.34 <d.l 25.21 0.56 99.55 2 22
13 Erl 1.26 67.11 5.34 <d.l. 0.32 <d.l. 24.55 112 99.96 3 2.7
14 Erl 0.79 66.84 5.35 <d.l. 0.54 <d.l. 25.16 1.24 99.69 2 0.8
15 Lr, Fig. 5r 53.79 5.77 1.45 122 0.58 <d.l. 37.48 <d.l. 99.71 95 -2.0
16 As-Erl, Fig. 5e 3.96 48.47 16.24 <d.l. 0.31 <d.l. 2391 5.93 99.68 13 6.0
17 As-Erl, Fig. 5e 3.35 49.84 16.01 <d.l. <d.l. <d.l. 23.74 5.79 99.91 11 47
18 As-Erl, Fig. 5e 1.63 50.76 16.86 <d.l. 0.83 0.34 23.18 6.13 99.78 6 6.0

Note. Lr — laurite, Erl — erlichmanite, As-Erl — As-bearing erlichmanite; an. 1-14: Ru-Os sulfides of the first type (assembled
with Os-Ir alloys); an. 15: laurite of type 2 (assembled with ferroan platinum and Ru-Os-Ir alloys); an. 16-18: As-bearing
erlichmanite of type 3 (in association with Os-Ir alloy); «<d.l.» — below the detection limit; detection limits (wt. %) were as
follows: Rh—0.27, Fe — 0.22, Ni — 0.12, As — 0.20; Ru#=100*Ruat %/(Ru+0S)at %.
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Table S3. Chemical and Cu-isotope data for Pt-Fe minerals from clinopyroxenite-dunite massifs

Analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Sample 60-1 70-3 | 60-4 T(I)_Al T(I)_Y 248 258 | K2-1 | K2-2 | K1-3 | K1-5 | K2-7 | K2-8 | K2-9
Wt. %

Fe 12.28 11.44 9.75 11.77 1%4 1?5 1?9 8.40 8.74 8.15 7.98 8.71 8.40 8.46
Ni 0.58 0.33 0.35 091 034 | 042 | 1.02 | <d.l <d.l. <d.l. <d.l. <d.l. <d.l | <d.l.
Cu 051 0.53 0.99 0.42 022 | 076 | 071 | 057 0.59 0.71 0.87 0.40 050 | 0.64
Ru 0.64 <d.l 0.32 <d.l <dl | <dl | <dl | <d.l <d.l <d.l <d.l <d.l <dl | <d.l
Rh 1.81 1.04 2.53 0.94 0.80 0.67 0.84 0.62 0.78 0.58 0.53 0.36 0.44 0.97
Pd <d.l. 3.54 <d.l. 0.52 0.41 <d.l. <d.l. <d.l. 0.30 0.30 0.34 0.39 <d.l. <d.l.
Os 0.53 <d.l. 0.22 0.63 0.24 0.21 0.27 2.73 0.13 0.29 0.22 0.25 0.24 0.26
Ir 5.62 151 4.57 3.11 2.03 | 422 | 449 | 280 0.76 1.40 2.09 1.01 245 | 231
Pt 78.28 | 82.11 812 81.75 853 | 810 | 796 | 848 88.83 | 88.61 | 88.13 | 88.94 878 87.14
0 9 9 6 3 2
Total 1005 | 99.9 | 100.0 | 99.8 | 999 | 999 | 99.9 | 100.1 | 100.0 | 100.1 | 100.0 | 99.8
10025 0 3 5 9 2 4 5 3 4 6 6 5 99.78
Ar. %

Fe 31.64 | 29.65 26.2 30.75 284 | 326 | 330 | 239 24.60 | 23.22 | 22.73 | 24.68 240 | 240

5 8 1 5 1 0 1

Ni 1.42 0.81 0.90 2.26 0.88 | 1.04 | 248 - - - - - - -
Cu 1.16 1.22 2.35 0.96 0.53 1.73 1.58 143 147 1.77 2.18 1.00 1.25 1.59

Ru 0.91 - 0.48 - - - - - - - - - - -
Rh 2.53 1.46 3.69 1.34 1.18 0.94 1.16 0.96 1.19 0.90 0.82 0.55 0.68 1.49

Pd 0.00 4.81 - 0.71 0.59 - - - 0.44 0.45 0.51 0.58 - -
Os 0.40 - 0.17 0.48 019 | 0.16 | 020 | 2.28 0.11 0.24 0.18 0.21 0.20 | 0.22
Ir 421 1.14 3.58 2.36 160 | 3.19 | 333 | 231 0.62 1.16 1.73 0.83 2.03 | 1.90
62.5 66.5 | 60.3 | 58.2 | 69.1 718 | 70.7

Pt 57.73 60.91 8 61.14 5 3 0 1 7157 | 72.26 | 71.85 | 72.15 4 9
Total of 70.5 70.1 64.6 62.8 74.6 74.7 74.4

PGE 65.78 68.31 0 66.03 5 2 9 6 73.94 | 75.01 75.1 74.32 5 0
Fe+Cu+ 29.5 298 | 353 | 371 | 253 252 | 25.6

Ni 3422 | 31.68 0 33.97 s 8 1 4 26.06 | 24.99 | 24.90 | 25.68 5 0

3%Cu,

% 0.27 031 | -002 | -0.12 | -0.38 | -0.34 | -0.19 | -0.09 | 0.06 -0.24 | 0.25 -0.04 | -0.04 | -0.31

Note. Ferroan platinum from Quaternary deposits of the Gule River (an. 1-3) within the Guli massif, Novy Log Creek (an. 4
and 5) and chromitites (an. 6 and 7) of the Nizhny Tagil massif; isoferroplatinum from chromitite of the Svetly Bor massif (an.
8-14); <d.l. — below the detection limit; detection limits (wt. %) were as follows: Os — 0.13, Ru — 0.28, Rh — 0.27, Pd — 0.22,

Ni—0.12.

20f4



Table S4. Chemical and S-isotope data for laurite and Ir-Rh sulfides from the Svetly Bor and Nizhny Tagil massifs

Analysis, PGM Wt. % At. % Ru | &%s,
Figure Ru Os Ir Rh S Total Ru Os Ir Rh S # %o
1 Lr [ 4489 [ 1276 | 535 | 117 [ 3581 | 99.98 | 26.64 | 402 | 167 | 068 | 6699 [ 87 | 0.1

2 Lr [ 4798 [ 898 | 524 | 113 [ 36.34 | 9967 | 2803 | 279 | 161 | 065 | 6692 [ 91 [ -0.4

3 Lr [ 4480 [ 1298 | 526 | 117 [ 3576 | 99.97 | 26.61 | 410 | 164 | 0.68 | 6697 [ 87 | 0.0
4,Fig.5% | Lr [4719] 962 [ 591 | 120 | 3568 | 99.60 | 27.91 [ 3.02 | 1.84 | 070 [ 6653 | 90 | -0.6
5 Lr [ 4497 [ 1296 | 494 | 121 [ 3559 | 9967 | 2679 | 410 | 155 | 0.71 | 66.85 [ 87 | 0.2

6 Lr | 4435 [ 1384 473 [ 089 | 3590 | 99.71 | 2636 | 437 [ 148 | 052 [ 67.27 | 86 | 0.0

7 Lr | 4315|1581 | 468 | 088 | 3530 | 99.82 | 2597 | 506 | 1.48 | 052 | 66.97 | 84 | -1.1

8 Lr [4410[ 1390 [ 518 [ 093 [ 3575 | 99.86 | 26.28 | 440 | 162 | 054 | 67.16 [ 86 | -0.1

9 Lr [ 4688 [ 10.78 | 482 | 105 [ 36.05 | 9958 | 27.61 | 337 | 149 | 061 | 6692 [ 89 [ -0.7

10 Lr | 4548 [ 1298 | 472 | 107 | 3574 | 99.99 | 26.98 | 409 [ 1.47 | 062 | 6684 | 87 | 0.2
11 Lr | 5065 | 556 | 567 | 119 | 37.01 | 10008 | 29.04 | 1.69 | 1.71 | 067 [ 6689 | 94 | 0.0
Mean (n=11) -0.3+0.4
12 Ka [ <dl [ <dl [ 5007 [ 24.80 [ 25.07 [ 99.94 - - [2029 18786093 [ - | -02
13 Ka | <dl | <dI [49.96 [ 2485 | 25.02 | 99.83 - - | 2028 | 1884 | 6088 | - [ -0.8
14 Ka | <dl. [ <dl [5077 [ 2392 | 25.04 | 99.73 - - | 2067 | 1820 | 6113 | - [ -0.3
15 Ka [ <dl [ <dl | 6797 [ 956 [ 22.27 [ 99.80 - - | 3099 [ 814 6087 [ - [ 14
16 Ka | <dl | <dI [ 6083 [ 1582 | 22.96 [ 99.61 - - | 2667 | 1296 [ 6037 | - [ -0.1
17 Ka | <dl. [ <dl [ 5121 | 2379 [ 2475 | 99.75 - - | 2098|1821 6081 | - | -05
18 Ka [ <dl [ <dl | 5295 [ 22.96 | 23.99 [ 99.90 - - | 2209|1790 [ 6001 | - [ 04
19 Ka | <dl | <dl [5213 [ 2359 | 2417 [ 99.89 - - |2162 ] 1828|6010 | - [ 01
20 Bo | <dl [ <dl. [ 4246 | 3142 | 26.07 | 99.95 - - 1649 [ 2280 [ 6071 | - [ -05
21,Fig.53 | Ka [ <dl [ <dl | 57.22 [ 1899 | 2417 [ 10038 [ - - | 2457 15236020 | - [ 07
22 Ka | <dl. [ <dl [57.75 | 18.05 | 2351 | 99.31 - - | 248 [ 1450 [ 6065 | - | -03
Mean(n=11) 0.0+0.6
23,Fig.5m | Lr | 5624 ] 273 | 243 | 031 | 37.99 | 99.70 [ 3141 [ 081 | 071 | 017 [ 6690 | 97 | 17

Note. Lr — laurite, Ka — kashinite, Bo — bowieite. Svetly Bor: an. 1-11 — laurite from alluvial deposits; an. 12-22 — PGM from
chromitite; Nizhny Tagil: an. 23 — laurite from chromitite; Ru#=100*Ruat s/(Ru+0Os)at %; <d.l. — below the detection limit;
detection limits (wt. %) were as follows: Os — 0.13, Ru — 0.28, Rh — 0.27, Pd — 0.22, Ni — 0.12.
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Table S5. Os-isotope LA MC-ICP-MS data and calculated y*’Os(T) values of PGM from placer deposits of the

Guli massif
Sample #, Mineral*, Figure Atomic Proportions 187Re/*880s 1870s/1880s 187Qs/1880s(T) y70s(T)
Gule River

H3-1, Os Os10 0.000019+8 0.12451+2 0.12451 -0.66+1

H3-2, Os Os10 0.000032+9 0.12450+3 0.12450 -0.67+2

H5-1, Os 050,95 Ir0.04RUg03 0.000073+9 0.12439+3 0.12439 -0.76+2

H6-1, Os 0O50.90 Iro.07RUg.03 0.00011+1 0.12446+2 0.12446 -0.70+1

H7-1, Os 050,92 Iro.05RUg.03 0.000039+9 0.12449+3 0.12449 -0.68+2

G1.5-1, (Os,Ir), Fig. 5t (0s0.371r0.30RUg 29Pt0 03) 0.000005+4 0.12414+5 0.12414 -0.95+4
G1.5-2, Lr, Fig. 51 (Ruo.20 O002RNo.01) (Sos7) 0.000002+1 | 0.12409+3 0.12409 -1,00+2
7028-1, Lr, Fig. 51 (Ruo320S0.01)So0.67 0.00015+19 0.12433+19 0.12433 -0.81+£15
7028-2, Lr, Fig. 51 Ruo33S0.67 0.00002+4 0.12432+7 0.12432 -0.81+6

Ingaringda River

6021-1, Os Os10 0.00002+1 0.12445+3 0.12445 -0.70+2
6021-2, Os Os10 0.000016+9 0.12449+3 0.12449 -0.68+2

6027, Os 050.871r0.09 RUo.04 0.000139+7 0.12440+3 0.12440 -0.75+3

23-1, Os, Fig. 5e 05s0.661r0.24RUg.11 0.00048+1 0.12446+3 0.12446 -0.70+1
23-2, As-ETl, Fig. 5e (OS6.22170,07RU0.05F€0.01) (S0.6:AS0.06) 0.000041+6 | 0.12444+1 0.12444 0.722

Mean (n=14) 0.12439 -0.76
25D (n=14) 0.00013 0.10

*PGM abbreviations: Os — native osmium, (Os,Ir) — Ir-bearing osmium, Lr — laurite, As-Erl — As-bearing erlichmanite. The
initial 1870s/1880s and y870s(T) values were calculated for the time of formation of the Os-rich alloys at 250 Ma using the

parameters specified in the text. The uncertainty on the measured '8"Re/1%0s and 1870s/!80s is 2SE of the mean in the last
decimal place; SD — standard deviation.

Table S6. Re-Os and Pt-Os isotopic N-TIMS data for chromitite and native osmium from the Guli massif

Sample #, | ®'Re/*®®0s | ®¥70s/*%0s | ¥70s/*%0s( y*¥70s(T) 190pt/188Qg 180s/'80s | %50s/'®0s(T) | p'®0s(T
Figure T)
G-40, Fig. 0.000250+ | 0.1244256+7 0.12442 -0.7280+6 0.0000034+2 | 0.1198378+7 0.1198377 -2+6
de 12
67, Fig. 4a | 0.00006+2 | 0.1246370+5 0.12464 -0.5585+4 0.0000044+0 | 0.1198397+5 0.1198397 +14+4
8
7-71, Fig. 0.00006+2 | 0.1244995+5 0.12450 -0.6682+4 0.0000041+0 | 0.1198403+5 0.1198403 +19+4
46 8

Note. Sample G-40 — chromitite, samples 67 and 7-71 — native osmium (Oss7lrsRus and OseslrsRus, respectively). The
uncertainties on the isotopic ratios and the initial Os isotopic composition are quoted at 2SD based on the long-term
reproducibility of the Johnson-Matthey Os standard at IGL [Puchtel et al., 2020]. The initial u*®¢0s(T) and y*8’Os(T) values
were calculated for the time of formation of chromitite and native osmium at 250 Ma using the parameters specified in the text.
The uncertainty on the measured 18’Re/*%0s, 1870s/!80s, 190pt/1880s, 1860s/1880s is 2SE of the mean in the last decimal place.
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