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[bookmark: OLE_LINK26]Fig. S1 Morphology and composition of iron-sulfide grains in Chang’E-5 (CE-5) and Chang’E-6 (CE-6) lunar soils. (a, e) Scanning electron microscopy images of iron-sulfide grains in the CE-5 and CE-6 lunar soils, respectively. The white dot rectangles indicate the extraction locations of the focused ion beam (FIB) sections. (b, f) High angle annular dark-field (HAADF) images of FIB foils in panel a and e, respectively. Quantitative energy-dispersive spectroscopy (EDS) element maps of Fe (c) and S (d) from the white dashed box in panel b, as well as Fe (g) and S (h) from the white dashed box in panel f.
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Fig. S2 Crystal structure determination of pyrrhotite and magnetic measurement results of magnetic minerals. (a) Bright-field TEM image of the iron-sulfide grain in CE-6 lunar soil. (b,c) high-resolution TEM image and SEAD pattern of the middle region at the top of the grain show a weakly pyrrhotite. (d) Magnetic property test results of different minerals. (e,f) high-resolution TEM image and SEAD pattern of the edge region at the right of the grain show a pyrrhotite.
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Fig. S3 Local total intensity of the lunar magnetic anomaly map on the farside of the Moon. The magnetic field data sourced from Kaguya and Lunar Prospector magnetometers. The red pentagram denotes the CE-6 landing site.
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Fig. S4 Nickel versus cobalt diagram for FeNi metal grain in CE-6 lunar soil. The classification of shadow areas is referenced from James M. D. DAY (2020).
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[bookmark: OLE_LINK3]Fig. S5 An Fe–Ni metal grain in CE-6 lunar soil. (a) SEM image of an Fe–Ni metal pellet in CE-6 lunar soil. The white dotted box indicates the extraction location of an FIB foil. (b) HAADF image of the TEM foil of the Fe–Ni metal. Kamacite (Ka) and troilite (Tro) particles are mixed with P-rich melt. (c-f) Quantitative EDS element maps of phosphorus (P), sulfur (S), iron (Fe), and nickel (Ni), corresponding to the image in the dotted box in panel b.
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Fig. S6 An impact glass particle in CE-6 lunar soil. (a) SEM image of an impact glass particle in CE-6 lunar soil. The white dotted box indicates the extraction location of an FIB foil. (b) HAADF image of the TEM foil. (c-f) Quantitative EDS element maps of iron (Fe), nickel (Ni), sulfur (S), and phosphorus (P), corresponding to the image in the white box in panel b.















[bookmark: OLE_LINK30]Table S1 Quantitative TEM-EDS analyses of various phases in the iron-sulfide grain
	
	Te (10)
	Ta (9)
	Fe0 (2)
	Fe whisker (1)
	Tro+Po (3)

	Fe
	51.01
	58.59
	88.24
	97.40
	49.86

	Ni
	40.70
	32.15
	2.32
	0.08
	0.71

	S
	0.65
	2.36
	1.13
	0.67
	41.29

	Co
	1.58
	1.44
	1.85
	-
	1.55

	O
	4.30
	4.18
	4.30
	0.65
	6.00

	Si
	1.76
	1.28
	2.16
	0.67
	1.62


Number in brackets is the number of EDS analyses performed in different regions.
All data is the average value obtained by normalizing the initial measured data (at. %).
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