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Supplementary Table 1. Sulfur-bearing aqueous and solid species and sources of their 1 

thermodynamic data, used in the thermodynamic equilibrium calculations of this study. 2 

Species Source 

H2O, H+, OH-, O2(aq), H2(aq), NaCl0
(aq), 

NaOH0
(aq), Cl-, Na+, K+, KOH0

(aq), KSO4
-, 

KHSO4
0

(aq), NaHSO4
0
(aq), KCl0

(aq), HS-, 

H2S2O3(aq), HS2O3
-, S2O3

2-, HSO3
-, SO3

2-, 

HSO4
-, SO4

2-, S2-5
2-, H2S2O4(aq), HS2O4

-, 

S2O4
2-, S2O5

2-, S3-5O6
2-, S2-3O8

2-, NaCl(s) 

(1) 

NaSO4
- (2) 

HCl0
(aq) (3) 

H2S(aq), SO2(aq) (4) 

S(s), S(l), K2SO4(s), Na2SO4(s) (5) 
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Supplementary Table 2. Normalized integrated intensities of the main Raman peaks of sulfur 20 

species detected in the experimental systems. Normalization is accomplished by dividing the area 21 

of the band of interest (A) by that of the O-H stretching band of water between 2800 and 3800 cm-22 
1 (A2800-3800). Note that the spectrometer resolution is about 5-10 cm-1, and uncertainties in 23 

determining wavenumber positions for small peaks (A/A2800-3800 < 0.005) may attain 10-15 cm-1. 24 

 25 

T (°C) P (bar) Species Vibration mode Wavenumber (cm-1) A/A2800-3800 

Thiosulfate system 

200 sat 

S3
- S-S 537 

SO4
2- S-O 979 0.026 

HS-+H2S S-H 2585 0.010 

300 
sat 

S3
- S-S 532 0.891 

SO4
2- S-O 974 0.018 

S3
- 2S-S 1072 0.363 

HS-+H2S S-H 2585 0.010 

400 ~500 

S3
- S-S 531 0.967 

SO4
2- S-O 970 0.017 

S3
- 2S-S 1069 0.336 

H2S S-H 2589 0.018 

Thiosulfate+HCl system 

200 sat 

SO4
2- S-O 978 0.006 

HSO4
2- S-O 1059 0.008 

H2S S-H 2590 0.003 

300 sat 

S3
- S-S 540 0.159 

SO4
2- S-O 974 0.007 

S3
- 2S-S 1065 0.051 

H2S S-H 2592 0.003 

400 ~500 

S3
- S-S 532 0.517 

SO4
2- S-O 972 0.002 

S3
- 2S-S 1067 0.214 

H2S S-H 2592 0.009 

S+NaOH system 

200 sat 

S3
- S-S 530 0.025 

SO4
2- S-O 971 0.002 

HS-+H2S S-H 2578 0.009 

300 sat 

S3
- S-S 529 0.414 

S3
- 2S-S 1065 0.251 

H2S S-H 2586 0.007 

400 ~400 

S3
- S-S 531 0.508 

S3
- 2S-S 1064 0.286 

H2S S-H 2593 0.016 

500 ~1000 

S3
- S-S 527 0.716 

S3
- 2S-S 1062 0.383 

H2S S-H 2590 0.010 

26 
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Supplementary Figure 1. Optical (a), scanning electron microscopy (b, detail of a) photographs, 27 

and semi-quantitative electron dispersive spectroscopy analysis (c) of sulfur spheres after the 28 

experiment Thios-HCl. Carbon (C) and potassium (K) in spectrum (c) stem respectively from the 29 

carbon coating of the sample and solution residues. 30 

(a) 

 

(b) 

 

(c) 

 

  31 
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Supplementary Figure 2. Raman spectra of the host quartz at indicated temperatures. 32 

 33 
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Supplementary Figure 3. The effect of the laser power on the liquid and supercritical-phase 36 

spectra in the three systems at indicated temperatures (see main text for discussion). The feature at 37 

~700 cm-1 is an artifact due to the spectrometer filter used for ≤ 25 % power. 38 

 39 

50% laser power

25% laser power

100% laser power

Supercritical phase, 400°C

# Exp Thios



6 
 

 40 

 41 

100% laser power

10% laser power

Liquid phase, 200°C

# Exp Thios-HCl

100% laser power

10% laser power

Liquid phase, 300°C

# Exp Thios-HCl



7 
 

 42 

 43 

  44 

100% laser power

10% laser power

Supercritical phase, 400°C

# Exp Thios-HCl

100% laser power

25% laser power

Supercritical phase, 420°C

# Exp S-NaOH

Feature due to the 
spectrometer filter



8 
 

Supplementary Figure 4. The effect of the laser wavelength on selected spectra in the Thios 45 

system at 400°C. Spectra were acquired with the red (637.7 nm) and green (532.1 nm) lasers on 46 

the same fluid inclusion with identical focusing and acquisition parameters and were normalized 47 

to the water stretching band to facilitate comparison.  48 

 49 
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