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Sedimentological observations from the Paleopro-

terozoic Huronian Supergroup in Ontario, Canada sug-

gest a rise in atmospheric oxygen (i.e., the Great Oxi-

dation Event, GOE) at that time [1,2]. Previous study 

of S three-isotopes across this interval suggested a 

weak signal of the transition from mass-independent 

fractionation (MIF-S) to mass-dependent fractionation 

(MDF-S) [3]. However, the location of the transition is 

based upon three analyses of Δ33S (0.45 ± 0.25‰, 0.51 

± 0.23‰, and 0.88 ± 0.23‰) that were proposed to be 

MIF signals; other data were all near-0 values. Given 

the limited MIF-S data, the placement of the GOE in 

Huronian has been ambiguous.  

In this study, we revisited two drill cores of the Hu-

ronian Supergroup; for the first time, simultaneously 

analyzed all four S isotopes (thereby Δ36S was calcu-

lated) for chalcopyrite, pyrrhotite and non-detrital py-

rite in situ by secondary ion mass spectrometer (SIMS, 

20-μm spot) using a newly deveopped ion microprobe 

technique with four Faraday cup detectors [4]; and 

report improved precision for Δ33S. Analytical spot-to-

spot precisions (2SD) for δ34S, Δ33S, Δ36S are ±0.31‰, 

±0.04‰, ±0.87‰, respectively, based on the analyses 

of bracketing UWPy-1 (Balmat pyrite) standard during 

the same SIMS session. New δ34S data analyzed from 

two drill cores throughout the lower Huronian are 

mostly positive values. In drill core 150–4, Δ33S values 

of this study range from +0.01 to +0.38‰, while in 

drill core 156–1, the Δ33S data range from –0.07 to 

+0.26‰. New Δ36S data analyzed from the same Hu-

ronian samples range from –3.7 to +0.3‰ in drill core 

150–4 and from –4.1 to +1.0‰ in drill core 156–1. 

In light of the mineral assemblages and isotopic 

compositions, we re-interpret the previously proposed 

“early authigenic” pyrrhotite in the studied drill cores 

as formed during low-grade metamorphism. The previ-

ously identified MDF-S signatures may thus result 

from homogenization during regional metamorphism. 

With improved prevision, our new SIMS data reveal 

small but real MIF-S in both Δ33S and Δ36S composi-

tions throughout the entire lower Huronian. In light of 

the new data, we propose that the GOE is younger 

(higher in stratigraphy) than previously thought, and 

most likely right after the deposition of the Gowganda 

diamictite. Our new SIMS data from Huronian, togeth-

er with published bulk S isotope data [5] and other well 

studied sections in South Africa [6] and Western Aus-

tralia [7], suggest that the GOE may be a globally syn-

chronized oxidation event followed by a rapid increase 

in sulfate concentration in the ocean.  

Keywords: Great Oxidation Event, GOE, SIMS, Hu-

ronian Group, Paleoproterozoic, sulfur isotopes, mass 

independent fractionation, glaciation  

 

 
Figure 1. Integrated lithostratigraphy, sedimentology, and 

geochemical studies of the Huronian Supergroup. Note that 

the putative MIF-MDF transition has been relocated from the 

Bruce Formation [3] to Gowganda Formation based on our 

new data in this study. CIA: chemical index of alteration; 

MISS: microbially induced sedimentary structure. 
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