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Includes the following materials:

1. Supplementary Tables:

Table S1: Trace element (ppm) of metal sulfides and whole rocks in Pulang deposit.
Table S2: Calculated Mo isotope compositions of metal sulfides for Raleigh
fractionation modeling.

Table S3: Parameters used for the calculation of isotopic fractionation in different Mo

species at varied oxidation state.

Table S4. Comparison of Mo isotope compositions of the reference materials analyzed
in this study to the literature values.

2. Supplementary Figures:
Fig. S1. Modelled isotopic fractionation £”*Mo fluid-mineral between oxidized
molybdate and different magmatic-hydrothermal phases as a function of
temperature were calculated according to Young et al. (2015). These curves depict

the combined effect of valence, coordination, and anion (O vs. S) changes.
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Fig. S2. Quantitative model of Rayleigh fractionation between ore-forming fluids
and molybdenite at 332°C. The light bands illustrate the variation of the

fractionation curve in the temperature range of 350-550°C.

3. Supplementary Text: The Rayleigh fractionation modelling.
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Table S1. Trace element (ppm) of metal sulfides and whole rocks in Pulang deposit

Mineralization

Epidote-chlorite Chlorite-illite
stage
0102- 0315- 0408- 0408- 0408- 0416- 17PLT- 18PL-  18PL- 0102-88- 0408- 0102-156-
Sample 156 169 103 253 74 397.5 3 14 29 1 232 2
Py Py Py Py Py Py Cep Cep Ccep Py Py Ccp
. . Qz-Chl-  Qz-Chl- Oz-lit- Qz-Chl-  Qz-Ep- 0z-Ep- Qz-Ep- 0z-Chl-  Qz-Chi- Qz-Chl- Qz-Ilt- Qz-Ep-
Major mineral 1t-Py- Ep-IIt- Ep-Ilt- Chl-11t- Chl-11t- 11t-Py- Chl-Ep- Chl-Py-
hl-Py Chl-11t-Py Ep-Ccp  Ep-Ccp
Ccp Py-Ccp Py-Ccp Py Py-Ccp Ccp Py Ccp
Trace element (ppm)
Mo 114 20.0 7.62 1.18 2.45 5.65 9.36 0.13 3.56 8.38 0.16 8.18
Cu 6200 714 1120 2430 499 769 13100 >50000 >50000 >10000 1530 >50000
Fe 43.6 42.6 414 40.9 44.2 42.8 40.2 30.3 38.4 41.8 41.8 30.5
Ag 30.7 1.64 0.33 0.90 0.15 0.86 2.0 17.3 28.8 3.99 0.47 27.2
Al 0.02 0.07 0.21 0.26 0.02 0.09 <0.1 <0.1 0.1 0.10 0.06 <0.1
As 27.0 94.8 3.5 29.8 4.0 2.9 <2 <2 12 6.8 22.5 <2
Ba <10 10 10 10 <10 10 <100 <100 <100 30 10 <100
Be <0.05 <0.05 0.06 <0.05 <0.05 <0.05 <0.5 <0.5 <0.5 <0.05 <0.05 <0.5
Bi 11.05 1.55 1.89 2.14 1.02 4.17 2.0 45 7.3 1.42 1.43 2.3
Ca 0.02 0.08 0.13 0.37 0.04 0.07 0.2 <0.1 <0.1 0.05 0.08 <0.1
Cd 3.11 0.60 0.03 0.11 <0.02 0.03 <0.2 1.3 32.5 0.19 0.02 12.8
Ce 31.5 531 1.16 10.35 1.06 1.68 0.2 0.1 0.5 1.53 4.15 14.7
Co 404 242 515 1300 629 89.0 580 2 370 1415 182.5 4
Cr 3 7 20 2 1 18 <10 <10 <10 7 4 <10
Cs <0.05 0.06 0.19 0.12 0.05 0.10 <0.5 <0.5 <0.5 0.07 0.07 <0.5




Dy
Er
Eu
Ga
Gd
Ge
Hf
Ho

La
Li

Lu
Mg
Mn
Mo
Na
Nb
Nd
Ni

Pb
Pr
Rb
Re

0.25
0.08
0.08
0.55
0.69
0.16
<0.1
0.04
0.458
0.01
17.1
<0.2
0.01
<0.01
<5
14.95
0.02
0.1
12.0
401
30
14.9
3.20
0.2
0.005
0.04

0.27
0.12
0.09
0.32
0.39
0.14
0.1

0.04

0.013

0.02
2.7
14

0.01

0.01
<5

23.3

0.01
0.4
2.9

80.3
90
394

0.67
1.2

0.002

0.12

0.10
0.05
0.04
0.42
0.13
0.13
0.1

0.02

0.007

0.09
0.6
1.6

0.01

0.04
<5

5.44

0.02
0.2
0.7

44.4
90
3.0

0.15
5.0

<0.002

0.22

0.44
0.24
0.16
0.76
0.54
0.21
<0.1
0.08

0.029

0.02
6.0
2.8

0.03

0.01
<5

1.76

0.01
0.5
4.3

77.5
160
4.2

1.13
14

0.003

0.14

0.13
0.07
0.05
0.13
0.12
0.12
<0.1
0.02
<0.005
0.01
0.6
0.2
0.01
<0.01
<5
5.13
0.03
0.1
0.5
42.1
30
1.7
0.13
0.5
0.018
0.07

0.19
0.10
0.05
0.55
0.22
0.12
<0.1
0.04
0.018
0.05
0.7
0.9
0.01
0.01
<5
6.66
0.01
0.2
1.1
63.2
30
28.4
0.24
2.4
0.002
0.08

<0.5
<0.3
<0.3
<0.5
<0.5
1.6
<1
<0.1
0.28
<0.1
<5
<2
<0.1
<0.1
<50
12.3
<0.1
<1
<1
31
100
<5
<0.3
<1
0.02
>10.0

<0.5
<0.3
<0.3
0.7
<0.5
1.8
<1
<0.1
5.77
<0.1
<5
<2
<0.1
<0.1
<50
0.7
<0.1
<1
<1
<2
200
<5
<0.3
1
<0.02
>10.0

<0.5
<0.3
<0.3
0.6
<0.5
1.8
<1
<0.1
3.64
<0.1
<5
<2
<0.1
<0.1
<50
4.2
<0.1
<1
1
230
<100
47
<0.3
2
<0.02
>10.0

0.09
0.04
0.04
0.33
0.12
0.14
<0.1
0.02
0.058
0.07
0.8
1.5
0.01
0.03
<5
9.25
0.02
0.6
0.8
71.8
40
12.7
0.19
2.8
<0.002
0.12

0.18
0.08
0.07
0.32
0.26
0.15
<0.1
0.03
0.007
0.03
1.9
2.0
0.01
0.04
<5
1.52
0.01
0.1
2.2
21.0
40
7.6
0.55
1.9
<0.002
0.12

<0.5
<0.3
<0.3
0.8
<0.5
1.9
<1
<0.1
11.95
<0.1

<2
<0.1
<0.1
<50
9.4
<0.1

<1

<2
<100
<5
14
<1
<0.02
>10.0




Sh
Sc
Se
Sm
Sn
Sr

Ta
Th
Te
Th
Ti

TI

Tm

< =<cC

Yb
Zn
Zr

0.08
0.1

1.65
23.7
3.8
<0.05
0.06
10.30
0.65
<0.005
0.14
0.01
0.1

0.6
14
0.04
505
0.5

0.40
0.4

0.65
0.4
16.7
<0.05
0.05
0.97
0.59
0.016
0.02
0.01
0.2

6.8
1.3
0.08
21
14

0.31
0.4

0.17
0.7
5.5

<0.05

0.02

0.47

0.36

0.006

0.18

0.01
0.3

6.2
0.5
0.04
<2
1.5

0.17
0.7
3
0.77
1.2
79.0
<0.05
0.08
0.56
0.90
0.013
0.20
0.03
2.3
6
254
2.2
0.20
3
14

0.10
<0.1
3
0.16
0.4
2.6
<0.05
0.02
0.60
0.29
<0.005
0.05
0.01
4.7
1
246
0.5
0.07
<2
11

0.29
0.4
4
0.29
0.3
21.7
<0.05
0.03
1.57
0.35
0.010
0.16
0.01
0.2
6
103.5
1.0
0.09
<2
1.6

<0.5
<1
50
<0.3
<2
14
<0.5
<0.1
0.8
0.1
<0.05
<0.2
<0.1
<1
<10
148
<1
<0.3
<20
<5

<0.5
<1
180
<0.3
25
2
<0.5
<0.1
3.1
0.1
<0.05
<0.2
<0.1
<1
<10
<1
<1
<0.3
170
<5

<0.5
<1
180
<0.3
<2
33
<0.5
<0.1
25
0.8

<0.05

<0.2
<0.1
<1
<10
1
<1
<0.3

2760

<5

0.15
0.7
7
0.17
0.4
5.3
0.05
0.02
0.34
0.85

0.019

0.06
0.01
0.1
4
0.7
0.5
0.04
<2
1.1

0.28
0.1
3
0.44
0.3
10.3
<0.05
0.04
0.47
0.14

<0.005

0.13
0.01
0.1
1
2.2
0.8
0.05
<2
<0.5

<0.5
<1
340
0.6
32
3
<0.5
<0.1
15
0.2

<0.05

<0.2
<0.1
<1
<10
1
1
<0.3
1730
<5




Mineralization Chlorite-illite Quartz-illite
stage
0102- E601- E601- E902- 0111- 17PLT- 17PLT- 17PLT- 18PL- 0416- 0416- 0416-
Sample 173 93 96 67 144 1 4 4 55 146 165 93
Ccep Po Po Po Py Py Py Ccep Ccep Po Po Po
Qz-Cal-
Qz-Chl-  Qz-Chl- Qz-Chl-
Major mineral Qz-Chl- lit-Cop- lIt-Py- lit-Py- Qz-IlIt- Qz-llt- Qz-Ilt- l1t-Py- Qz-Ilt- Qz-Ilt- Qz-Ilt- Qz-Ilt-
I1t-Ccp Py-Ccp  Py-Ccp  Py-Ccp Ccp- Py-Ccp Po Po Po
Po Ccp-Po Ccp-Po
Mol
Trace element (ppm)
Mo 0.17 0.35 0.67 0.36 2.25 4.64 0.63 1.03 0.37 0.18 0.62 0.82
Cu >50000 4570 >10000 >10000 957 2450 7610  >50000 >50000 443 442 275
Fe 26.9 >50 >50 >50 42.6 43.7 42.7 37.2 28.7 >50 >50 48.3
Ag 21.5 2.82 0.53 15.25 1.00 7.00 4.32 12.1 32.2 0.23 0.55 0.58
Al 0.1 0.02 0.04 0.27 0.05 0.01 0.01 <0.1 <0.1 0.22 0.21 0.86
As <2 5.6 55 1.3 3.5 244 144.0 92 30 1.3 2.2 1.1
Ba <100 20 30 50 10 10 10 <100 <100 10 20 50
Be <0.5 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.5 <0.5 0.08 <0.05 0.48
Bi 4.3 12.30 81.8 131.0 2.78 2.70 1.38 2.2 15.8 1.90 4.44 53.8
Ca <0.1 0.08 0.04 0.09 0.20 0.03 0.04 0.1 <0.1 0.17 0.10 0.29
Cd 3.9 0.08 0.12 14.05 0.05 5.65 0.88 14.4 3.1 0.04 0.18 0.02
Ce 0.1 0.68 0.13 4.17 1.16 0.17 2.44 78.6 0.2 2.86 7.00 5.10
Co 5 251 270 655 41.7 2020 377 390 4 415 340 178.0
Cr <10 4 6 7 5 8 10 <10 <10 9 8 7
Cs <0.5 0.07 0.10 0.40 <0.05 <0.05 <0.05 <0.5 <0.5 0.17 0.17 0.77




Dy
Er
Eu
Ga
Gd
Ge
Hf
Ho

La
Li
Lu
Mg
Mn
Mo
Na
Nb
Nd
Ni

Pb
Pr
Rb
Re

<0.5
<0.3
<0.3
0.7
<0.5
2.1
<1
<0.1
6.11
<0.1
<5
<2
<0.1
<0.1
<50
3.7
<0.1
<1
<1
<2
100
<5
<0.3
1
<0.02
>10.0

<0.05
<0.03
<0.03
0.17
<0.05
0.13
<0.1
<0.01
<0.005
0.02
<0.5
0.5
<0.01
0.01
<5
0.82
0.01
<0.1
0.2
89.0
<10
1.8
0.07
1.0
<0.002
0.12

<0.05
<0.03
<0.03
0.22
<0.05
0.13
<0.1
<0.01
<0.005
0.03
<0.5
0.7
<0.01
0.08
<5
1.11
0.01
<0.1
0.1
41.8
10
14.1
<0.03
1.3
<0.002
0.18

0.19
0.09
0.09
1.45
0.28
0.15
<0.1
0.04
247
0.11
2.3
1.5
0.01
0.24
11
0.85
0.02
0.4
2.1
1970
50
207
0.52
6.4
0.003
0.25

0.08
0.04
0.03
0.29
0.11
0.12
<0.1
0.01
0.013
0.01
<0.5
1.7
<0.01
0.05
<5
2.80
0.02
0.3
0.8
34.6
30
4.1
0.17
0.6
0.003
0.21

<0.05
<0.03
<0.03
0.14
<0.05
0.12
<0.1
<0.01
0.219
0.01
<0.5
1.2
<0.01
<0.01
<5
5.41
0.01
0.1
0.1
1175
10
10.1
<0.03
0.3
0.003
0.09

<0.05
<0.03
<0.03
0.16
0.07
0.12
<0.1
0.01
0.209
0.01
14
1.1
<0.01
<0.01
<5
1.30
0.01
<0.1
0.9
162.0
<10
2.9
0.26
0.3
0.002
0.08

<0.5
<0.3
<0.3
0.9
1.0
14
<1
<0.1
1.75
<0.1
45
<2
<0.1
<0.1
<50
14
<0.1
<1
29
130
100
<5
7.6
<1
<0.02
>10.0

<0.5
<0.3
<0.3
11
<0.5
2.1
<1
<0.1
7.44
<0.1
<5
<2
<0.1
<0.1
<50
1.3
<0.1
<1
<1
<2
<100
<5
<0.3

<0.02
>10.0

0.27
0.14
0.19
0.42
0.38
0.17
0.1
0.05
0.009
0.06
1.0
0.3
0.02
0.01
<5
0.62
0.09
1.0
2.3
416
100
3.7
0.48
4.7
0.007
0.17

0.39
0.18
0.29
0.59
0.58
0.15
0.1
0.07
<0.005
0.07
1.4
0.4
0.02
0.06
<5
0.67
0.06
1.7
5.4
493
40
81.8
1.24
6.6
0.002
0.13

0.58
0.31
0.36
1.48
0.79
0.15
0.3
0.10
<0.005
0.40
1.1
1.0
0.04
0.03
<5
1.34
0.25
1.1
4.5
515
430
27.6
0.96
39.0
<0.002
0.20




Sb
Sc
Se
Sm
Sn
Sr
Ta
Th
Te
Th
Ti
TI
Tm

< s=s<cC

Yb
Zn
Zr

<0.5
<1
290

<0.3
35

<0.5
<0.1
14
0.2
<0.05
<0.2
<0.1
<1
<10
<1
<1
<0.3
120
<5

1.48
<0.1

<0.03
<0.2
282
<0.05
<0.01
7.02
0.03
<0.005
0.15
<0.01
0.4

0.2
0.1
<0.03
<2
05

170.5
<0.1

<0.03
<0.2
6.1
<0.05
<0.01
48.4
0.02
<0.005
1.11
<0.01
0.1

34.2
0.1
<0.03

<0.5

0.48
0.7

0.42
4.1
8.3

<0.05

0.04

77.9

0.76

0.017

0.40

0.01
0.6
11
7.8
0.9

0.08
711
0.8

0.12
0.2

0.18
0.4
11.9
<0.05
0.01
1.25
0.13
0.009
0.23
<0.01
0.1

0.9
0.4
0.03

0.7

0.10
<0.1
5
<0.03
0.4
11
<0.05
<0.01
1.32
0.11

<0.005

0.11
<0.01
<0.1
<1
0.7
<0.1
<0.03
344
<0.5

0.17
0.1
5
0.13
0.6
1.3
<0.05
0.01
1.17
0.02

<0.005

0.12
<0.01
<0.1
1
4.2
0.2
<0.03
73
<0.5

<0.5

100
2.9
<2
3
<0.5
0.1
1.6
0.5
<0.05
<0.2
<0.1
<1
<10
<1
1
<0.3
1490
<5

1.0
<1
340
<0.3
30
3
<0.5
<0.1
6.1
0.2

<0.05

<0.2
<0.1
<1
<10
<1
<1
<0.3
210
<5

0.19
0.5
5
0.55
1.4
211
0.07
0.04
0.72
6.40

0.039

0.15
0.02
1.0
6
0.7
1.2
0.11
<2
2.5

0.14
0.7
4
0.90
1.8
12.8
0.09
0.07
1.86
2.23

0.062

0.15
0.02
0.5
13
0.5
1.8
0.15
17
2.5

0.20
0.9

1.10
1.6
88.1
0.08
0.10
32.3
1.80
0.042
0.31
0.04
1.7
10
0.7
2.7
0.26
<2
5.6




19PL-  19PL- 19PL- 19PL- 19PL- 0713- 0713- 0713- E203- E601- EO004-
Sample 39 12 1 2 3 640 692.5 727 34 34 61
Surrounding rock Quartz monzonite Quiartz diorite
Major

mineral Whole rock

Trace element (ppm)
Mo 2.38 1.44 1.80 9.76 6.96 11.3 8.48 8.68 10.9 104 7.52
Cu 35.4 24.4 29.3 185 18.2 117.0 124.0 84.9 16.0 34.8 1.9
Fe 4,52 4.20 4.12 2.85 2.67 3.01 3.10 2.95 2.72 2.86 2.84
Ag 0.09 0.08 0.06 0.05 0.04 0.07 0.08 0.04 0.01 <0.01 <0.01
Al 7.90 9.15 9.04 4.65 4.46 7.40 7.70 7.49 7.82 8.26 7.66
As 18.0 16.5 16.9 12.7 13.2 8.2 10.2 10.2 8.2 8.6 8.4
Ba 880 360 382 1835 1755 1565 1185 1285 1400 1330 1835
Be 2.54 2.62 3.16 0.97 0.88 3.85 4.47 4.16 2.79 2.68 3.06
Bi 0.35 0.31 0.26 0.11 0.09 0.04 0.37 0.07 0.14 0.12 0.03
Ca 2.42 4.22 2.61 2.69 2.75 2.66 2.63 2.69 2.54 2.77 2.80
Cd 0.08 0.17 0.13 0.07 0.07 0.02 0.03 0.07 <0.02 <0.02 <0.02
Ce 78.8 82.8 79.3 42.8 41.7 63.8 61.2 61.0 55.7 68.2 134.0
Co 10.7 16.0 16.3 11.0 115 10.8 10.7 10.8 8.3 9.3 94
Cr 110 120 170 230 170 200 160 150 180 160 170
Cs 9.87 1715 17.70  3.87 3.53 2.32 3.11 4.70 5.74 4.36 7.84
Dy 4.97 5.38 4.50 3.57 3.90 3.01 2.89 2.73 2.58 2.53 2.85
Er 2.71 3.01 2.75 2.16 2.37 1.46 1.53 1.48 1.44 1.39 1.36
Eu 1.03 1.31 1.08 0.82 0.78 1.25 1.14 1.20 1.11 1.19 1.82
Ga 21.3 25.1 25.8 11.8 10.7 17.7 185 16.8 19.1 18.6 19.0

Gd 5.52 5.73 4.86 3.58 3.44 4.05 3.85 3.86 3.63 3.25 5.00




Ge
Hf
Ho

La
Li
Lu
Mg
Mn
Mo
Na
Nb
Nd
Ni

Pb
Pr
Rb
Re

Sh
Sc
Se
Sm
Sn

0.11
4.8
1.00
0.067
2.13
40.5
73.2
0.42
1.55
695
2.36
1.30
15.9
32.2
40.2
620
29.5
8.57
128.5
<0.002
0.01
0.49
15.0
<1
5.99
3.2

0.18
4.4
111
0.102
2.57
41.1
71.7
0.45
1.24
770
1.87
0.67
16.2
335
48.9
750
20.3
8.98
188.0
0.003
0.01
1.18
15.2
<1
6.35
4.5

0.10 0.06 0.07
4.7 5.2 5.4
0.93 0.78 0.85
0.086 0.037 0.032
2.67 1.01 0.96
39.3 22.3 21.1
78.2 22.1 20.6
0.41 0.32 0.37
1.21 0.82 0.79
528 453 443
144  10.30 6.84
0.69 1.33 1.29
16.9 1.7 7.4
314 19.8 18.4
515 29.4 27.9
400 360 360
22.3 10.6 9.7
8.51 5.04 4.82
196.5 554 51.8
0.002 <0.002 <0.002
0.02 0.03 0.02
1.04 0.93 0.70
16.3 11.6 10.5
<1 <1 <1
571 4.00 3.76
4.5 19 14

0.14
4.9
0.57
0.019
3.92
32.9
7.5
0.23
1.38
440
13.75
2.44
12.9
27.2
174
1520
16.1
7.27
147.0
0.003
0.03
0.08
12.7
<1
5.21
2.3

0.12
4.9
0.59
0.011
3.88
32.2
9.5
0.22
1.42
354
8.52
2.59
14.1
23.9
16.7
1500
13.1
6.78
146.5
0.002
0.02
0.17
13.1
<1
4.88
15

0.13
5.8
0.53
0.025
4.22
34.1
8.1
0.21
1.37
391
8.67
2.54
12.6
24.9
16.5
1560
17.0
6.75
155.0
0.002
0.14
0.24
12.1
<1
4.92
2.1

0.11
5.5
0.53
0.021
3.29
28.5
10.7
0.22
1.04
264
10.85
2.70
115
23.5
11.9
990
10.3
6.24
134.5
<0.002
0.32
0.29
8.9
<1
4.23
2.2

0.09
4.9
0.51
0.033
3.53
38.6
8.7
0.20
1.05
297
10.60
2.64
10.5
22.1
11.3
970
11.4
7.22
127.0
<0.002
0.40
0.21
9.0
<1
431
2.8

0.16
6.1
0.53
0.022
3.51
69.5
14.9
0.19
1.69
292
7.03
2.68
10.8
50.8
41.0
1340
9.2
14.85
125.5
0.002
0.01
0.67
94
<1
8.15
1.7




Sr

Ta
Tb
Te
Th
Ti

TI
Tm

< =< C

Yb
Zn
Zr

331
1.00
0.87
0.06
14.90
0.410
0.67
0.40
3.09
181
2.1
26.9
2.55
83
183

291
1.16
0.90
0.05
17.05
0.429
0.86
0.45
3.26
191
3.0
30.0
2.85
105
160

247
1.16
0.77

<0.05

17.15
0.399
0.96
0.41
3.26
190
2.9
255
2.61
99
164

130.5
0.40
0.58

<0.05
7.15

0.272
0.29
0.32
1.60
113

1.2
21.6
2.12

50
203

128.5
0.39
0.59

<0.05
6.65

0.265
0.26
0.35
1.69
100

11
23.4
2.32

52
215

890
0.89
0.55

<0.05
15.20
0.321

0.50
0.22
4.39
121
2.5
16.0
1.43
28
182

845
1.07
0.52

<0.05
19.45
0.313

0.52
0.22
2.98
119
1.5
16.2
1.41
24
177

751
0.98
0.51
<0.05
19.00
0.327
0.56
0.22
5.17
107
2.1
14.8
1.42
28
205

1010
0.77
0.48
<0.05
13.75
0.292
0.66
0.21
3.87
100
5.4
15.0
1.39
22
206

1033
0.75
0.47
<0.05
13.55
0.295
0.67
0.20
3.09
94
2.8
13.8
131
24
189

1560
0.76
0.58
<0.05
20.0
0.319
0.71
0.19
3.67
91
1.5
14.6
1.19
24
235

Abbreviation: Py, Pyrite; Ccp, chalcopyrite; Mol, molybdenite; Po, pyrrhotite; Qz, quartz; Chl, chlorite; Ep, epidote; I,

illite.



Table S2. Calculated Mo isotope compositions of metal sulfides for Raleigh fractionation modeling.

8% MOinitial (%0) -0.16

metal sufides Molybdenite Pyrite-chalcopyrite

M Oinitial (ppm) 10 50 100 150

Qlliquid-sulfide 0.9987 0.9985 0.9990 0.9992 0.9993 0.9995 0.9996 0.9998
AL 332°C  300°C  400°C 500°C
f 8%°Moriuig (%o0) Mosuia (Ppm)

1.00 -0.160 -0.160 -0.160 -0.160 0.210 0.210 0.210 0.210 10 50 100 150
0.95 -0.093 -0.083 -0.109 -0.119 0.246 0.236 0.231 0220 10 48 95 143
0.90 -0.023 -0.002 -0.055 -0.076 0.284 0.263 0252 0231 9 45 090 135
0.85 0.051 0.084 0.003 -0.030 0324 0291 0275 0243 9 43 85 128
0.80 0.130 0.175 0.063 0.019 0366 0322 0299 0255 8 40 80 120
0.75 0214 0272 0128 0.070 0411 0354 0325 0268 8 38 75 113
0.70 0304 0375 0197 0125 0460 0388 0353 0281 7 35 70 105
0.65 0.400 048 0271 0185 0512 0425 0382 02% 7 33 65 98
0.60 0504 0606 0351 0249 0568 0465 0414 0312 6 30 60 90
0.55 0617 0737 0438 0318 0629 0509 0449 0330 6 28 55 83
0.50 0741 0880 0533 0395 0695 0557 0487 0349 5 25 50 75
0.45 0878 1038 0639 0479 0769 0609 0530 0370 5 23 45 68
0.40 1.032 1215 0757 0573 0852 0.668 0577 0393 4 20 40 60
0.35 1205 1416 0890 0680 0945 0.735 0.630 0420 4 18 35 53
0.30 1406 1647 1045 0803 1.053 0812 0692 0451 3 15 30 45
0.25 1644 1921 1227 0949 1181 0904 0.765 0487 3 13 25 38
0.20 1934 2257 1450 1128 1337 1.015 0854 0532 2 10 20 30
0.15 2309 2689 1739 1359 1539 1159 0969 0590 2 8 15 23
0.10 2837 3299 2145 1683 1823 1362 1132 0671 1 5 10 15




Table S3. Parameters used for the calculation of isotopic fractionation in different Mo species at varied oxidation state.

Cation L Average Bond Force
Coordination bond Reference
Phase charge valence length constant
Zmo CN Mo Sme  So  veo(A)  Kimeo (N/m)
Mo%*0,* Melt, fluid 6 4 15 05 1.76 3495 Farges et al. (2006)
Mo*'S, Molybdenite 4 6 0.67 0.67 2.387 83.86 Bart and Ragaini (1980)
Mo%*Os Mineral 6 6 1 0.67 1.98 219.3 Kihlborg (1963)
Metal-Mo®*O Oxide 6 4 15 05 1.8 326.7 Hardcastle and Wachs (1990)
Mo* O, Mineral, melt 4 6 0.67 0.67 2.01 140.4 Brandt et al. (1967)




Table S4. Comparison of Mo isotope compositions of the reference materials analyzed
in this study to the literature values.

5%Mo
Sample Rock type 2SD n Reference
(%0)
Atlanti
Seawater ate 206 004 & This study
seawater
2.04 0.05 Zhao et al. (2016)
2.04 0.07 Pearce et al. (2009)
2.09 0.05 Greber et al. (2012)
2.00 0.03 Lietal. (2014)
AGV-2 (USGSP) Andesite -0.23 0.04 8 This study
-0.14 0.05 Zhao et al. (2016)

4 Number of analyses
® USGS: United States Geological Survey
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Fig. S1. Modelled isotopic fractionation £”*Mo fluid-mineral between oxidized
molybdate and different magmatic-hydrothermal phases as a function of
temperature were calculated according to Young et al. (2015). These curves

depict the combined effect of valence, coordination, and anion (O vs. S) changes.
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Fig. S2. Quantitative model of Rayleigh fractionation between ore-forming fluids
and molybdenite at 332°C. The light bands illustrate the variation of the

fractionation curve in the temperature range of 350-550°C.



Supplementary Text: The Rayleigh fractionation modelling

Rayleigh fractionation was performed to model the Mo isotope compositions within
mineralizing fluids as the metal sulfides were progressively precipitated. The §°*Mo
for the remaining ore-forming fluid is calculated using an approximate form of the
Rayleigh distillation equation:

5 Momuia = (8”*Moo + 1000) £*D-1000 (1)

Where 8”*Momuia and §°*Moy are the Mo isotope composition for the residual fluid
and initial fluid, respectively. f'and « refers to the fraction of Mo remaining in fluid
and the sulfide-fluid fractionation factor, respectively. We assume that the §**Mo
for the initial hydrothermal fluid is approximated to the derived-magma prior to
sulfide precipitation, that is, -0.16%.. The Mo isotope fractionation factor for
molybdenite as a function of temperature was calculated to be 332 <C corresponding
to 0.9987 (Fig. S1). While the Mo isotopic fractionation factor for Fe-Cu sulfides is
derived from the equation: A®Mofiuid-sulfide (measured) = 1000 Inoifiuid-sutfice, and we
assume that A®Mofyig-sulfige IS -0.37%o, which corresponds to an o of 0.9996. The
isotope composition of the Mo remaining in the ore-forming fluid can thus be

calculated (Table S2).
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