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Stable isotopes of sulfur and oxygen in sulfate are widely used to trace biogeochemical
cycling, material fluxes, and atmospheric chemistry [1,2]. Here we present a novel approach
to analyze established isotopic tracers (84S, 80, A33S) in sulfate and extend the isotopic
toolbox with the analysis of 345-"0 double substitution (A**S'80). The method is based on
sulfate chemically converted to BaSO4 followed by the conversion of the BaSO4 to SOzF> by
partial fluorination at 280°C, which is then followed by purification (cryogenic and gas
chromatography) and subsequent high-resolution gas source isotope ratio mass
spectrometry in the m/z range of 102 to 106.

Repeated analyses of in-house reference sulfate demonstrate an external uncertainty (1
standard error of the mean) of £ 0.09 %o (634S), + 0.2 %o (§'0), + 0.02 %o (A'33S), and +
0.08 %o (A4S'80). Samples in our dataset comprise dissolved sulfate from various natural
environments (seawaters, volcanic hot springs, and surface waters) and are supplemented
with sulfate which were formed in laboratory experiments by i) abiotic pyrite oxidation [3],
and ii) equilibration of NaSOs in anoxic aqueous solution at variable temperature (T) (6 to
120°C) and subsequent oxidation with H>Ox.

The overall A'*4S™0 variation in these samples ranges from approx. -0.8 %o to 0.7 %o
(relative to seawater sulfate). Sulfate from pyrite oxidation and from surface waters shows
elevated A3*S™®0 values. Sulfate from hot springs and from equilibration experiments at
higher T falls in the lower A'34S™0 range. Our data indicate that A'34S'80 in dissolved sulfate
reflects temperature conditions of respective formation environments. Hence, doubly
substituted 34S-'80 may provide a unique tool to distinguish low T (surface oxidation) and
high T (75 and 120 °C experiments and hot springs) sulfate formation processes, that could
serve to trace sulfate sources, independent of the reservoir’s bulk isotopic composition.
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