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Fig. S1. The main lithologies of crustal clasts. Plot of Mg# (Mg/(Mg + Fe)) of othorpyroxene
versus An# (Ca/ Ca + Na)) in plagioclase in crustal clasts collected from CE-6 samples. The com-
position fields for FANs, Mg-suite, and Alkali-suite are modified from literature’.
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Fig. S2. Mineral proportion of CE-6 basalt clasts (a), phases associated with troilites in the CE-6
soil (b), and size distribution of troilites in the CE-6 soil (c).
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Fig. S3. Element mapping of troilites in basaltic fragments, crustal rock and breccia in CE-6
soil. The troilite generally contains low Ni, Mn, Co, and Cu contents (see Table S3 for details), occa-
sionally with Ni- or Cu-rich spots.
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Fig. S4. Ni vs. Co (a) and No vs. Cu (b) content of troilites in the CE-6 soil fragments. Many are
lower than detection limits of around 100 ug/g. The gray shaded area in (a) represents the composi-
tional range of troilite from Apollo mare basalts?.
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Fig. S5. Supplementary petrographic images and sulfur-lsotope data points.
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Fig. S6. Ni and S content of CE-6 basalt, CE-5 basalt and Apollo basalts. The low content of Ni in
CE-6 basal indicates that the present of Ni-rich sulfide is unlikely in the lunar mantle source. The data
of CE-6, CE-5 are from the literature®** and the data of Apollo mare basalts are from Lunar Sample
Compendium (https://wwwcurator.jsc.nasa.gov/lunar/lsc/index.cfm).
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Fig. S7. Core-LMO sulfur partitioning model equilibrium or open system. The 5*S values (%o) of
the LMO and lunar core are plotted against the ratio of the sulfur content of LMO during core segrega-
tion to that of the bulk Moon. Model 1 (a) is after Saal and Hauri (2021)°. An equilibrium sulfur isotope
fractionation factor acore-mantle of 1.0016 and 1.0007 for batch equilibrium and open system, respec-
tively. We start with a BSE &°*S value of -1.3 £ 0.4%0. Model 2 (a) is after Wang et al. (2021)%, using the
the sulfur isotope fractionation factor acore-mantle of 0.99995, our calculationg demonstrated that the
fractionation bewteen the core and silicate mantle is much smaller than the ~2%. offset we observe.
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Fig. S8. The &*'S value of different chondrites. Only CM and CO carbonaceous chondrites show 3**S
values that slightly overlap with BSM. Data source: data of ordinary chondrites are from the reference’®.
Data of enstatite chondrites are from the reference®. Data of Cl, CM, CO and CR are from the refer-

ence'°.
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Fig. S9. Sulfur degassing during surface impact processes and the giant impact event. According
to the Rayleigh distillation equation: 6**S = (1000 + 8*S ) x f'- 1000, where 8>S represents the initial
sulfur isotopic composition and f is the remaining fraction of sulfur after evaporation. In this calculation, we
use an initial 8*S of —1.3 £ 0.4%o (representative of the BSE) and an initial sulfur content of 2500 ug/g.
Based on the observed relationship between sulfur content and sulfur isotopic composition in lunar impact
glasses, the sulfur isotope fractionation factor (a) during impact-induced volatilization can be constrained
to a range of 0.995-0.998 (a). Using this range of a values, we estimate that achieving the present &S
value of the BSM would require approximately 20-75% sulfur loss during the giant impact event (b).
Error bars represent +2 standard errors (2SE) of 534S measurements.
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Fig. S10. Reproducibility of 8**SV-CDT data of two sulfide references and two iron meteorites
obtained by laser-ablation MC-ICP-MS (at 8-um laser spot sizes). These data indicate the reliability
of our laser-ablation MC-ICP-MS approach with external uncertainty of ~0.50 %o (2SD) at a level similar
to those obtained from other CE-5 fragments' and CDT using nano-SIMS'2. Error bars represent +2
standard errors (2SE) of 8**S measurements.




Table S1. Mineral composition of clinopyroxene and plagioclase in CE-6 basalt and crustal clasts.

Na20 MgO Si02 Al203 Cao P205 K20 FeO TiO2 MnO NiO Cr203 Total Fo

4-28 Cpx 0.05 26.46 54.19 1.80 1.85 - 0.001 13.74 0.63 0.21 0.05 0.66 99.6 77.0
5-48 Cpx 0.04 19.27 51.86 0.62 3.48 - 0.01 22.70 0.40 0.32 0.01 0.46 99.1 60.0
2.14 Cpx 0.06 8.65 47.77 1.56 11.87 - - 27.77 1.24 0.38 - 0.15 99.4 357
4-32 Cpx 0.02 0.80 45.33 1.10 11.56 0.02 - 41.91 0.88 0.38 0.02 0.06 102.1 33
4-53 Cpx 0.02 10.01 47.63 242 15.00 - - 22.80 1.78 0.31 0.04 0.30 100.3 43.9
5-25 Cpx - 4.17 47.09 1.63 10.37 - 0.01 34.75 1.51 0.43 0.13 0.05 100.1 17.5
5-67 Cpx 0.02 1.82 45.48 1.01 10.21 0.03 0.01 42.04 0.86 0.49 - 0.01 102.0 7.0
1-4 Cpx 0.22 45.22 1.47 17.74 0.04 0.00 34.44 1.28 0.36 0.01 0.02 100.8 11
1-20 Cpx 0.02 3.66 47.03 1.1 9.17 - 0.01 37.00 1.15 0.42 0.14 0.02 99.7 15.0
1-41 Cpx 0.50 44.72 1.92 16.40 0.02 - 34.73 1.72 0.39 0.03 0.01 100.4 25
1155 Cpx 0.03 0.12 4414 0.78 5.29 - - 50.71 0.71 0.51 - 0.02 102.3 05
An

4-28 Pl 0.32 0.12 43.18 35.99 19.92 0.01 0.03 0.34 - - - - 99.9 97.0
5-48 Pl 0.38 0.10 43.14 35.34 19.14 - 0.05 0.21 0.01 0.01 - - 98.4 96.0




Table 2. Mineral abundance of CE-6 basalt clasts, NWA 12008 and NWA 14526 analysed by
TIMA.

Basalt clast # Cpx Pl Opx llm Ol Tro Q Ap  Chromite Zircon Glass

f—ﬁ366 5414 3391 0.26 1099 0.08 042 0.00 0.20 0.00 0.00
1-47 5416 3844 046 649 0.03 031 0.00 0.10 0.00 0.00
1-59 38.62 50.96 0.04 9.12 0.08 0.30 0.68 0.21 0.00 0.00
1-63 5210 3711 0.61 9.67 0.04 035 0.07 0.04 0.00 0.00
1-65 61.12 2947 0.78 6.90 011 0.69 070 0.24 0.00 0.00
1-97 5347 3719 0.06 7.04 0.04 065 092 0.63 0.00 0.00
1-128 64.64 2763 022 747 0.02 0.01 0.00 0.01 0.00 0.00
1-157 52.06 36.11 0.84 6.79 010 050 0.00 0.22 3.39 0.00
1-162 54.71 3465 495 497 0.01 0.08 052 0.11 0.00 0.00
1-180 40.61 5145 087 379 007 081 174 0.67 0.00 0.00
241 59.27 3305 0.72 636 0.06 038 0.00 0.18 0.00 0.00
2-8 56.85 31.53 2.72 8.44 0.04 0.29 0.03 0.10 0.00 0.00
2-1241 7545 1640 2.62 5.04 0.05 0.20 0.00 0.23 0.00 0.00
2-12-2 4563 28.12 1.09 10.74 0.02 0.34 13.89 0.17 0.00 0.00
2-18 42.87 40.17 0.03 1478 0.02 044 090 0.80 0.00 0.00
2-34 5717 3391 323 505 0.01 039 021 0.05 0.00 0.00
4-23 63.37 30.50 0.36 5.62 0.00 0.09 0.00 0.07 0.00 0.00
4-26 2560 59.62 046 1355 0.01 0.12 060 0.04 0.00 0.00
4-31 54.00 32.08 0.06 1262 111 0.04 0.04 0.04 0.00 0.00
4-41 54.92 36.11 0.26 7.24 0.01 044 069 0.33 0.00 0.00
4-47 46.83 4093 0.11 1032 0.15 047 1.09 0.1 0.00 0.00
5-7 39.37 4965 1.54 8.51 0.00 0.32 0.00 0.60 0.00 0.00
5-47 55.05 39.71 1.71 2.30 0.02 015 093 0.13 0.00 0.00
5-67 46.55 4292 021 9.09 001 0.89 005 0.26 0.00 0.00
5-68 57.68 3251 013 7.1 0.01 020 233 0.04 0.00 0.00
71 62.65 2747 418 491 0.10 0.39 0.27 0.03 0.00 0.00
7-14 54.74 3589 032 869 0.02 012 0.00 0.23 0.00 0.00
717 60.36 28.89 0.10 953 0.03 050 0.00 0.59 0.00 0.00
7-41-1 58.04 3545 0.08 6.04 0.00 0.24 0.00 0.15 0.00 0.00
7-41-2 4567 47.06 052 6.52 0.00 0.12 0.00 0.11 0.00 0.00
7-62 51.80 38.57 0.03 9.54 0.00 0.05 0.00 0.00 0.00 0.00
7-63 64.01 2736 0.00 813 000 0.16 023 0.10 0.00 0.00
7-88-1 56.36 34.22 0.54 8.30 0.02 0.54 0.00 0.02 0.00 0.00
7-88-2 59.32 3281 044 743 0.00 0.00 0.00 0.00 0.00 0.00
7-90 53.03 36.58 041 9.92 0.00 0.04 0.02 0.01 0.00 0.00
7-105 4779 4121 017 977 007 062 0.00 0.37 0.00 0.00
7-118-1 4718 4277 016 979 0.00 0.09 0.00 0.01 0.00 0.00
7-118-2 63.27 27.82 045 827 000 0.17 0.00 0.02 0.00 0.00
7-139 64.96 23.80 041 1061 0.00 0.19 0.00 0.04 0.00 0.00
7-142 58.74 29.26 3.89 7.52 0.00 0.34 0.00 0.25 0.00 0.00
Average 53.85 35.83 0.90 8.12 0.06 0.31 0.65 0.19 0.08 0.00
2se 278 254 039 079 0.05 0.07 0.68 0.06 0.17 0.00
Meteorites

NWA 12008 46.46 30.17 426 1377 0.07 0.30 0.16 4.81
NWA 14526 51.28 32.03 2.80 13.04 0.05 0.10 0.41 0.28




Table S3. Composition of sulfide in Chang'e-6 basalt clasts, highland clasts and breccias.

Samples Fe S POs cr Ni Cu Zn Co Se Total
wt. % wt. % wt. % wt. % wt. % wt. % wt.% wt. % wt. %
1-4Tro-1 Basalt 627 348 0.0 - 001 0.03 0.08 025 97.9
1-4Tro-2  Basalt 63.1 347  0.01 - 0.02 - 0.09 041 983
1-4Tro-3  Basalt 625 342 0.1 - 0.03 - 0.07 019 97.0
1-17-Tro1 Basalt 625  35.0 - - 0.02 - 0.11 011 977
1-41-Tro1 Basalt 62.8 342 002 001 004 - - 0.10 024 975
2-9-Tro1 Basalt 61.1 33.8 - - 0.05 - 0.08 95.0
5-25-Tro1 Basalt 627 341  0.01 0.02 0.07 - 0.06 016 97.1
5-25-tr02  Basalt 635 346 000  0.00 002  0.00 0.08 001 983
1-3tro-3  Basalt 626 348 - 025 0.01 - 0.09 - 977
1-Ttro-1 Basalt 627 345  0.01 006 001  0.01 - 0.05 038 976
1-4Tro-3  Basalt 619 350 0.1 0.02 001  0.04 0.06 005 97.2
1-4Tro-4  Basalt 63.0 352 0.0 - 0.03 - 0.06 010 984
1-20-Tro1 Basalt 634 352 - - - - 0.05 022 989
1-20-Tro2  Basalt 63.3 350 - 0.00 - 003 0.10 021 986
1-41-Tro  Basalt 614 362 000  0.01 0.04 - 0.08 034 981
1-41-Tro1 Basalt 62.3 367 - 001 - 003 0.09 022 994
1-155-Tro Basalt 622 359 - - - 001 0.07 - 982
2-1-Tro1 Basalt 626 356 - 001 003 - 005 0.07 045 9838
2-1-Tro2  Basalt 615 360 000  0.02 - 005 - 0.09 018 97.9
2-1-Tro3  Basalt 629 362 000  0.04 - 003 - 0.06 030 995
2-14-Tro1 Basalt 634  36.1 - - - - - 0.07 023 9938
2-14-Tro2  Basalt 627 350  0.01 - 001 - - 0.07 - 978
4-20-Tro1 Basalt 623 353 000 001 002 005 0.02 0.03 - 977
4-20-Tro2  Basalt 63.1 35.4 - 002 - 002 002 0.04 009 988
4-32-Trot Basalt 62.8 358 - - - 059 - 0.03 - 992
7-86-Tro  Basalt 63.0 359 - 003 0.0 - - 0.09 0.09 99.1
7-126-Tro1 Basalt 62.3 352 - - - - - 0.07 020 97.8
7-126-Tro2  Basalt 625 355 0.2 - - - - 0.06 - 98.1
7-126-Tro3  Basalt 624 354 - 002 - - - 0.07 035 982
7-136-Tro1 Basalt 627 359  0.01 003 004  0.02 - 0.06 0.03 988
7-136-Tro2  Basalt 62.8 358 - - - - - 0.08 049  99.1
5-31tro-1  Highland 60.6 353 - - 008 - - 0.05 - 96.1
5-48-tro-1  Highland 615 347  0.01 001  0.07 - 002 0.05 017 965
5-48-tro2  Highland 62.3 344 0.0 - 030 005 - 0.09 016 97.3
4-28-Tro1  Highland 625 354 0.1 0.03 - - - 0.08 013  98.1
7-70-Tro  Highland 626 357 - 003 - - - 0.09 - 984
7-70-Tro2  Highland 615 357 - 004 098 005 - 0.12 023 986



1-2-Tro1
1-144-Tro1
1-21Tro-1
1-21Tro-2
1-36-Tro1
1-36-Tro2
1-132-Tro1
1-167-Tro1
1-167-Tro2
1-104-Tro2
1-104-Tro1
2-15-Tro
2-19-Tro1
2-19-Tro2
2-19-Tro3
2-19-Tro5
4-42-Tro1
7-81-Tro
7-84-Tro
7-93-Tro
7-49-Tro

Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia
Breccia

Breccia

65.0
60.8
63.0
62.6
62.6
62.4
63.3
62.3
63.1
61.2
62.6
62.9
59.8
61.5
62.6
60.8
61.4
61.5
62.5
62.4
62.3

291
36.2
34.7
34.5
34.5
343
35.6
36.2
36.5
35.0
36.4
35.5
35.8
35.9
35.7
32.9
35.7
35.5
35.6
35.7
35.9

0.01

0.01
0.00

0.00
0.01
0.00

0.00
0.00
0.00

0.09
0.01
0.04
0.02
0.00

0.01
0.05
0.02
0.01

0.05
0.04
0.03
0.03

0.01
0.01
0.02
0.02

1.08
0.71

0.01

3.62

0.01

0.10

0.06
0.05
0.05

0.04
0.03
0.07
0.04
0.05
0.01

0.02

0.10

0.00

0.03
0.01

0.01

0.06

0.03

0.05

0.15
0.17
0.07
0.08
0.06
0.05
0.09
0.07
0.02
0.07
0.08
0.10
0.28
0.07
0.04
0.10
0.08
0.08
0.08
0.08
0.08

0.11
0.32
0.66
0.58
0.34
0.22
0.09
0.17
0.18

0.07
0.60
0.09
0.12

0.28

0.41

0.07

0.29

95.6
98.2
98.4
97.8
97.5
97.0
99.0
98.7
99.9
96.3
99.2
99.1
99.7
97.7
98.5
94.1
97.6
97.2
98.3
98.5
98.3




Table S4. 5%4SV-CDT value of troilites in CE-6 basalt clasts, breccias and highland clasts,
and lunar meteorites NWA 14526 and NWA 12008.

5%Sv.

Samples co1(%o) 2SE Mgty
2-14-1 Basalt 1.37 0.29 35.7
2-14-2 Basalt 1.07 0.25 35.7
4-32-1 Basalt 0.41 0.27 3.3
4-53-1 Basalt 0.77 0.32 43.9
7-86-1 Basalt 0.83 0.25
7-86-2 Basalt 0.83 0.36

7-140-1 Basalt 0.48 0.36
5-63-1 Basalt 1.07 0.15
5-67-1 Basalt 1.52 0.37 7.0
5-67-2 Basalt 0.81 0.65 7.0
5-70-1 Basalt 1.22 0.18
1-4-1 Basalt 0.41 0.69 1.1
1-4-2 Basalt 0.65 0.36 1.1
1-20-1 Basalt 0.70 0.35 15.0
1-20-2 Basalt 0.30 0.51 15.0
1-41-1 Basalt 1.19 0.24 25
1-155-1 Basalt 0.47 0.20 0.5
0.83 0.16
5-25-1 Basalt 2.32 0.47 17.5 Hosted by
fractured
5-25-2 Basalt 1.30 0.24 17.5 clast
4-28-1 Mg-suite 1.14 0.60 77.0
5-48-1 FAN 0.94 0.62 60.0
2-13-1 Breccia 0.47 0.37
2-19-1 Breccia 1.86 0.50
2-19-2 Breccia 219 0.48
2-19-3 Breccia 1.70 0.91
4-42-1 Breccia 0.30 0.40
7-49-1 Breccia 0.72 0.39
7-81-1 Breccia 0.86 0.27
7-84-1 Breccia 1.85 0.25
7-93-1 Breccia 1.13 0.34
1-21-1 Breccia 1.15 0.18
1-36-1 Breccia 0.89 0.32
1-36-2 Breccia 1.24 0.33
1-132-1 Breccia 0.98 0.16
1-167-1 Breccia 2.04 0.40

1.24 0.31




14526-2  Low-Ti basalt 1.10 0.15
14526-3  Low-Ti basalt 0.84 0.14
14526-4  Low-Ti basalt 0.62 0.12
14526-5  Low-Ti basalt 0.94 0.19
14526-5  Low-Ti basalt 0.94 0.20
14526-6  Low-Ti basalt 0.92 0.14
14526-7  Low-Ti basalt 1.30 0.14
14526-8  Low-Ti basalt 0.49 0.15
14526-9  Low-Ti basalt 0.91 0.18

14526-10  Low-Ti basalt 0.32 0.17

0.84 0.17
12008-1  Low-Ti basalt 117 0.63
12008-2  Low-Ti basalt 0.01 0.38
12008-3  Low-Ti basalt 0.43 0.47
12008-4  Low-Ti basalt -0.09 0.31
12008-5  Low-Ti basalt 0.27 0.47
12008-7  Low-Ti basalt -0.09 0.48
12008-9  Low-Ti basalt 0.35 0.35

0.29 0.31




Table S5. 34SV-CDT value of reference materials.

Sample Name 5*Sv.cor (%o) 2SE
PPP-1 5.32 0.09
PPP-1 5.49 0.10
PPP-1 5.39 0.09
PPP-1 5.54 0.09
PPP-1 5.34 0.10
PPP-1 5.47 0.10
PPP-1 5.42 0.10
PPP-1 5.41 0.11
PPP-1 5.28 0.11
PPP-1 5.35 0.08
PPP-1 5.35 0.10
PPP-1 5.39 0.10
PPP-1 5.52 0.09
PPP-1 555 0.09
PPP-1 5.34 0.10
PPP-1 5.45 0.09
PPP-1 5.29 0.09
PPP-1 5.33 0.09
PPP-1 5.40 0.08
PPP-1 5.43 0.10
PPP-1 5.69 0.09
PPP-1 5.23 0.09
PPP-1 5.48 0.10
PPP-1 5.34 0.10
PPP-1 5.26 0.11
PPP-1 5.38 0.08
PPP-1 5.41 0.09
PPP-1 5.56 0.10
PPP-1 5.50 0.11
PPP-1 5.26 0.09
PPP-1 5.29 0.10
PPP-1 5.45 0.10
PPP-1 5.45 0.10
PPP-1 5.35 0.09
PPP-1 5.32 0.09
PPP-1 5.44 0.09
PPP-1 5.31 0.08

PPP-1 5.51 0.08



PPP-1 5.29 0.08
PPP-1 5.57 0.08
PPP-1 5.37 0.08
PPP-1 5.49 0.08
PPP-1 5.47 0.09
PPP-1 5.43 0.10
PPP-1 5.31 0.10
PPP-1 5.37 0.09
PPP-1 5.45 0.09
PPP-1 5.58 0.10
PPP-1 5.46 0.10
PPP-1 5.35 0.08
PPP-1 5.39 0.09
PPP-1 5.41 0.09

5.41 0.19
YP136 1.28 0.15
YP136 1.71 0.15
YP136 1.74 0.14
YP136 1.74 0.14
YP136 1.65 0.15
YP136 1.55 0.13
YP136 1.12 0.12
YP136 1.29 0.13
YP136 1.29 0.15
YP136 1.22 0.13

1.46 0.48
MUON -0.18 0.17
MUON 0.39 0.13
MUON -0.25 0.15
MUON 0.41 0.14
MUON 0.13 0.13
MUON 0.26 0.13
MUON 0.00 0.17
MUON 0.40 0.23
MUON 0.11 0.13
MUON -0.05 0.15

0.12 0.48

NWA 859 0.31 0.15

NWA 859 0.73 0.14

NWA 859 0.38 0.17



NWA 859
NWA 859
NWA 859
NWA 859
NWA 859
NWA 859
NWA 859

0.92
0.67
0.65
0.20
0.15
0.48
0.40
0.49

0.13
0.17
0.19
0.16
0.14
0.13
0.17
0.50
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