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Table S1 Componentry results for reference particles. Numbers in colored cells are the percentages of correct results.
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Fig. S1 Micro-photographs of the representative grains of reference particles. All images are approximately 500 μm in width. 02 sco, 02 pl, 02 px, 02 alt, 02 prt altrd lv, 02 l gr lv, 02 gry lv, and 02 bl lv are scoriaceous particles, isolate plagioclase, isolated pyroxene, altered particles, partly altered lava, light-gray lava, gray lava, and black lava, respectively, erupted by 9:00 on March 6, 2018. 14 ves pu is the vesicular pumice particle sampled 17:05–17:20 on March 6. 25 gry pu and 25 bl sco are the gray pumiceous and black scoriaceous particles sampled 20:52–21:17 on March 6, 2018. 

Fig. S2 Spectra of reference particles. Most normalized spectra are confined in 0.6–1.4 in the wavelength of 450–700 nm; however, each has a unique form with relatively minor variation. Each thick line shows the median reflectance of reference particles. The area with the same color shows 25–75% of each reference. The spectra are splitted into three figures just only to be distinguishable for each reference type.
Fig. S3 Schematic views of the Excel worksheet for automatic derivation of the componentry of ash samples. (a) overview, (b) primary part of the worksheet (inlet in (a) indicated as (b)), (c) input and output (results) by minimization of the RSS of unknown particles by the reference particles of normalized spectra (inlet in (b) indicated as (c)).

Fig. S4 Shape parameter circularity derived from silhouette images (Fig. S1) captured during visible microspectroscopy. We could not conduct shape analysis for Pl particles due to their high transparency. The sample names on the left are the same as in Fig. S1.

Fig. S5 Backscattered electron images captured through the field emission (FE)-EPMA of reference particles. All images are presented in the same scale (approximately 2.5 mm in width). 02sco, 02pl, 02px, 02alt, 02partly-alt-lv, 02l-gr-lv, 02gry-lv, and 02blk-lava are the scoriaceous particles, isolate plagioclase, isolated pyroxene, altered particles, partly altered lava, light-gray lava, gray lava, and black lava, respectively, erupted by 9:00 on March 6, 2018. 14ves-pu is the vesicular pumice particle sampled 17:05–17:20 on March 6. 25gr-pu and 25blk-sco are the gray pumiceous and black scoriaceous particles sampled 20:52–21:17 on March 6, 2018. 201710 is the sieved (not selected) ash particles sampled on October 11, 2017.

[bookmark: _Hlk140944347]Fig. S6　Correlation between the sieved color value (b*) and the component ratio. These values are for the vesicular and dense lava particles of the 2018 Shinmoe-dake ash samples. The straight red line shows the best-fit linear function b* = 0.48 +0.30*ves/dns (r =0.70875), where ves/dns is the component ratio of vesicular and dense lava particles, respectively.
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