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Sulfur plays a key role in numerous geological 

processes occurring in the lithosphere. Its 
concentration and speciation have a strong impact on 
the formation of both petroleum and ore deposits. 
Sulfate (HSO4

-, SO4
2-), sulfide (H2S, HS-

- and S2), and 
sulfite (SO2, SO3

- and HSO3
-) are commonly the 

dominant sulfur oxidation states in hydrothermal 
fluids, but other intermediate valence species may 
also be present including thiosulfate (S2O3

2-), 
polythionates (SxO6

2-), polysulfide (Sx
2-), dissolved 

elemental sulfur and recently discovered trisulfur 
radical ion (S3

-) [1]. 
This latter species, observed in synthetic S-rich 

fluids containing sulfate and sulfide challenge our 
current knowledge of the sulfur speciation in deep 
hydrothermal fluids. However, the existence of S3

- in 
natural geological fluids remains to be demonstrated. 
Here, we performed in-situ analysis of sulfur 
speciation in natural fluid inclusions using Raman 
spectroscopy coupled to a heating stage to analyze 
samples at temperatures representative of the trapping 
conditions (up to 300°C). We selected samples from 
the Carnian evaporites outcropping in the Arc Valley 
(French Alps) where clear evidence of 
thermochemical sulfate reduction (TSR) occurrence 
is observed. The fluid inclusions displays high 
salinities and contain a mix of different redox state of 
sulfur at room temperature (e.g. sulfate sulfide, and 
elemental sulfur) with homogenization temperatures 
range from 150 to 300°C.  

Upon heating, our results demonstrate 
unambiguously the presence of the trisulfur radical 
ion S3

- and polymeric sulfur molecules (Sn
0) at 

temperature above 100°C. Thanks to external 
standard solutions, the concentration of the different 
sulfur species was determined. The trisulfur S3

- 
accounts for more than 1 mol% of the total sulfur 
concentration (Stot ~ 0.2 m) at 300°C. Sn

0 species 
account for 0.3 to 10 mol% of the total sulfur 
concentration as estimated by mass balance. The 
discovery of S3

- ion and Sn
0 species in natural fluids 

from deep sedimentary environments at the 
millimolar concentration level provides new insights 
into the sulfur behavior in the Earth’s crust. The 
existence of S3

- in S-rich fluid inclusions associated 
to a geological context where TSR occurred confirms 
its important role in this reaction process [2]. These 
findings may also have important consequences in the 
coupling between aqueous and organic phase 
reactions and may challenge our understanding of 
sulfur isotopes fractionation in geological fluids. 
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