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Characteristics and application of multiple sulfur isotopes of authigenic minerals in cold-seep environment
ZHANG Qinyi'?, WU Daidai'?, LIU Lihua'

1. Key Laboratory of Gas Hydrate, Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China

2. University of Chinese Academy of Sciences, Beijing 100049, China

3. Institution of South China Sea Ecology and Environmental Engineering, Chinese Academy of Sciences, Guangzhou 510301, China

Abstract: Organoclastic sulfate reduction (OSR) exists extensively within normal marine sediments, whereas, sulfate reduction coupled with
anaerobic oxidation of methane (SR-AOM) are dominated process in the cold-seep areas. How to distinguish these two sulfate reduction
pathways is of great significance to the study of biogeochemical processes in extreme environments. Here, in order to further understand the
characteristics of multiple sulfur isotopes of authigenic minerals associated with SR-AOM in the cold seep and their modeling applications, this
study conducts extensive investigations into the research results of multiple sulfur isotopes related to SR-AOM at home and abroad, mainly
focusing on the multiple sulfur isotopic characteristics of pyrite and barite of SR-AOM. Based on this, the widely used steady-state box model
and 1-D diagenetic reaction-transport model are proposed for pyrite and barite respectively. The pyrite of SR-AOM origin has higher §*S and
A*S values than that of OSR. The §*S and A*S values of pyrite formed by SR-AOM shows a negative correlation, which is different from that
of OSR. The negative A¥S-§"*'S correlation of barite significantly different from that of OSR-induced pore water sulfate reveals a positive
correlation. The multiple sulfur isotopic characteristics of authigenic minerals related to SR-AOM in the cold seep can effectively trace the
evolution of sulfur isotopes and assist to distinguish SR-AOM from OSR. This provides an effective basis for further research on
biogeochemical processes in extreme environments and for tracing potential gas hydrate deposits.
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Fig.1 Schematic diagram of sulfur metabolism and sulfur isotope fractionation mechanism of microbial intracellular sulfate reduction

AMP stands for adenosine monophosphate, *o represents the fractionation coefficients of *S-*’S and *S-*’S, f; = a,/b;, where a; represents forward reaction flux

and b, represents reverse reaction flux 4>,
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Fig.2 Schematic diagram illustrating the variable sulfur isotopic composition of pyrite formed under different methane fluxes'
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A. In the environment with a low methane flux, sulfide minerals formed by SR-AOM are characterized by positive 5*S values due to the relatively limited

supply of pore sulfate with respect to seawater. B. While the methane flux is high, rayleigh fractionation is limited by quickly downward-diffusion of seawater

sulfate. Meantime, the suboxic condition favors the oxidation and disproportionation progress of sulfide. Such an environment favors the formation of S-

depleted sulfide minerals. Notablely, the abscissa of the §**S curve in the figure is for reference only. SWI: sediment-water interface; SMTZ: sulfate methane

transition zone; Con: concentration!’.
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Fig.3 The data of 5*S compared with A*S of pyrite/CRS and porewater sulfate/CAS in porewater

Pyrite/CRS has lower 8**S value than porewater sulfate/CAS, while the A**S value of porewater sulfate /CAS produced by SR-AOM is significantly lower than

that of OSR. The CRS represents chromium-reducible sulfur which substitutes pyrite. The mixed origin represents the possibly existence of sulfur oxide cycle.

The 3*S and A*S values of seawater refer to Tostevin!*’),
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Fig.4 A schematic representation of biogeochemical cycling at cold-seep environment.
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The left and right parts of the figure show the genesis of pyrite related SR-AOM in SMTZ [""Jand the corresponding reaction products of bacterial assemblage!"*", respectively.

[151%lare illustrated in the middle portion of the figure.
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Fig.6 Schematic representation of the box model for AOM-SR

fin and £, represent the flux of porewater sulfate from and back to the
overlying bottom water, whereas fjon.sr and **Paon.sr the associated flux
and sulfur isotopic fractions (**S-**S and #*S-**S), respectively. The model
assumes that CAS and pyrite record porewater sulfate and sulfide,
respectively, as well as no isotope fractionation associated with f;,, o, and

formation of CAS and pyrite .
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Fig.7 The A®S and 8"*'S values of seep barites from modern

sediments

The black line indicates the linear fit for samples, which yields a slope value
0f 0.00314 + 0.00052. The area within the dotted line corresponds to the

95% confidence interval [,
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