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Fig. S1. Melt splashes on the surface of a CE5 agglutinate particle.
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Fig. S2. HAADF-STEM image (a), elemental EDS maps (b−h), and selected area EDS spectra (i) of the same area shown in Figs.1c-1d of the main text.
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Fig. S3. Peak position and shape comparation of intensity normalized Fe L2,3 EELS spectra of metallic Fe0, olivine, and hematite. The Fe0 and Fe2+ have a typical Fe L3 peak positions at 708.1−708.9 eV while the Fe3+ has a typical Fe L3 peak position at 709.9 eV. The normalized intensity of the peak tail of Fe0 at 730 eV is 2 times higher than those of Fe2+ and Fe3+. The full width at half maximum (FWHM) of Fe0 L3 peak (3.9 eV) is larger than those of Fe2+ and Fe3+ L3 peaks (~3.4 eV).
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Fig. S4. HAADF-STEM image (a), EELS Fe valent map (b), Fe3+/∑Fe ratios map (c), and the frequency and cumulative distributions (d) of the Fe3+/∑Fe ratios of a randomly chosen zone in the CE5 agglutinate.
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Fig. S5. HAADF-STEM image (a), EELS Fe valent map (b), Fe3+/∑Fe ratios map (c), and the frequency and cumulative distributions (d) of the Fe3+/∑Fe ratios of another randomly chosen zone in the CE5 agglutinate.
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Fig. S6. The relationship between the particle size and melting temperature (Tm) of iron nanospheres.



Table S1. CIPW norm calculation results from the EDS data (shown in Table 1 in the main text) of three randomly selected pure zones in an EDS mapping area (wt%).
	Mineral
	Quartz
	Plagioclase
	Diopside
	Hypersthene
	Ilmenite
	Magnetite

	No. 1
	4.11
	52.05
	9.03
	21.73
	10.69
	2.39

	No. 2
	1.40
	52.51
	5.81
	27.42
	10.43
	2.45

	No. 3
	2.46
	51.19
	10.74
	24.07
	9.29
	2.25





Movie S1 (separate file). 3D view movie of Fe valence state dispersion in agglutinate glass. 

Dataset S1 (separate file). Abundance calculation details of various valent iron species in agglutinate glass. 
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