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Since  Farquhar et al. [1] first reported the presence 

of anomalously fractionated (or commonly called 
“mass idenpendently fractionated”) isotopes of sulfur 
(AIF-S or MIF-S) in sulfides (mostly pyrite) and 
sulfates (barite) in some Archean-age sedimentary 
rocks, more than 1000 data sets of multiple S isotope 
ratios have been determined by various researchers on  
Archean sedimentary rocks from Australia, South 
Africa, and Canada. With an increasing number of 
data, it has become apparent that the sulfur isotope 
characteristics (i.e., δ33S, δ34S, δ36S, Δ33S, and Δ36S 
values) of sulfides and sulfates are quite variable, and 
that there are many samples with no AIF-S signatures 
(i.e., Δ33S = 0 ± 0.2 ‰ and δ33S/δ34S = 0.515±0.002) 
(Fig. 1).  

Previous researchers have connected the AIF-S 
signatures in sedimentary rocks to UV photolysis of 
volcanic SO2 and to an O2-poor atmosphere, because 
the UV photolysis was the only known mechanism to 
produce AIF-S. However, the most serious problem 
with this model is that the SO2 photolysis using a 
broad-band UV lamp, which closely simulate the sun 
light, produces S0 and residual SO2 with very small 
AIF-S signatures (i.e., δ33S/δ34S = 0.58±004) [2] (Fig. 
1).  

Based on theoretical and experimentatl 
investigations, we [3, 4] have presented an alternative 
mechanism (i.e., chemisorption isotope effects) to 
produce AIF-S signatures in sedimentary rocks. It 
suggests that the AIF-S signatures in some Archean 
sedimentary rocks were produced by chemisorption 
reactions involving orgnamic matter, minerals (iron 
oxides, carbonates, clays) and squeous S-bearing 
species (SO4

2- and H2S)  during the diagenesis of 
sediments in hydrothermal environments. According to 
our model, the characteristics of AIF-S signatures may 
vary depending on the dominant types of 
chemisorption reactions (e.g., solid and aqueous 
species; temperatures). To evaluate the validity of our 
model, we have examined the occurrences of sulfide 
minerals (e.g., disseminated, nodules, layers) and the 
lithology of host rocks.  

We have recognized that sulfides (and sulftates) 
that formed undeer certain environments often share 
the same isotopic characteristics. For example, 
sediments accumulated in closed euxinic basins under 
the influence of submarine hydrothermal activity (e.g., 
many pyritic black shales and siderite-rich sediments 
in the McRae and Jeerinah Formations) generally 
posess positive δ34S and Δ33S values or negative δ34S 

and Δ33S values. Barite- and sulfide-bearing sediments 
accumulated in shallow, evaporitic basins (e.g., the 
Dresser and Tambiana Formations) often possess 
negative δ34S and positive Δ33S values for sulfides and 
positive δ34S and negative Δ33S values for barite. 

Bekker et al. (2009) [5] suggested that sulfur in 
hydrothermally influenced deposits such as BIFs, 
barite, VMS, and sediment exhalative deposits as well 
as early diagenetic pyrites nodules in black shales 
possess negative Δ33S, while dessiminated sulfides in 
sedimenary rocks possess positve Δ33S. However, our 
study has revealed that such a generatlization is 
premature. Further investigations are necessarry to 
identify the depositional environments of sedimentary 
rocks with other types of sulfur isotopic characteristics. 
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Fig. 1. Comparisons of sulfur isotope ratios of sulfides in pre-2.4 Ga 
sedimentary rocks with those of reduced sulfur species from the 
thermochemical sulfate reduction (TSR) experiments and those of 
S0 from photolysis experiments using a broadband UV spectrum. 
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