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Effects of sulfate reduction on the formation of iron-bearing authigenic
minerals in a methane seepage setting

Bei Keqi, Xu Tianfu,Shang Songhua, Wei Mingcong,Jin Guangrong,Cao Yuqing, Tian Hailong

(Key Lab of Groundwater Resources and Environment of Minisiry of Education, Jilin University ,Changchun , Jilin 130021 , China)

Abstract; Seabed methane seepage is common in areas with gas hydrate potential. Methane anaerobic oxidation and
sulfate reduction occurring in these areas not only control the leakage of methane, but also facilitate the formation of
authigenic minerals, which presenting itself as the enrichment of iron-bearing authigenic minerals in sediments rich in
iron. This paper discussed the effect of sulfate reduction on the formation of iron-bearing authigenic minerals in a marine
methane seepage environment through lab tests of methane-water-rock-bacteria reactions in a low-temperature and high-
pressure reactor that simulated seabed sediment environment. The results showed decrease of pH, ORP and increase of
HS™ and HCO; concentration, indicating sulfate reduction and anaerobic oxidation of methane in the reactor. The total
iron content in the solution decreased by about 7.5 mg / L before and after the tests, indicating iron-related precipitation.
SEM images also showed precipitation of mostly iron sulfide with some ankerite and siderite. The paper suggested that a
close relationship exist between the formation of authigentic minerals and microbial effect and that the interaction between
sulfate reduction and anaerobic oxidation of methane play a positive role in the formation of iron-bearing authigenic
minerals. This study may help in understanding further the forming mechanism of iron-bearing authigenic minerals in
methane-seepage areas and its significance for gas hydrate prospecting.
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Table 1 Initial chemical composition of simulated seawater

L HeJE/ (mol - L")
Ca’* 1.01 x1072
Mg** 5.13 x10 72
Na* 5.16 x10 !
K* 1.22 x1072
Fe?* 2.54x107*
S0%- 2.81x1072
HCO; 1.20 x10 72
Cl- 5.63 x10 72
NO; 1.00 x 10 3
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Schematic diagram showing the experiment device
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Fig.2  Solution physical indexes changing with time
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Fig.3 Relevant ion concentration changing with time
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Fig.4 SEM images(a) and energy spectrum analysis(b) of

granite slices before the experiments
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Fig.5 Authigenic minerals under SEM and energy spectrum analysis
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Table 2 Saturation index of iron-bearing authigenic minerals in the reaction solution
) S

A r v Fes FeS, FeCO, FeOOH
1 -0.133 51 6.68 1.15 15.75 0.54 0.81
2 -1.975 61 6.66 1.27 12.48 0.43 0.76
3 -2.362 62 6.36 0.80 10.79 0.04 -0.54
4 -1.526 07 6.23 0.72 12.26 -0.06 -0.04
5 -1.230 32 6.27 0.64 12.81 -0.15 0.25
6 -1.204 97 6.21 0.35 12.32 -0.27 0.06
7 —-0.814 58 6.09 0.19 12.73 -0.34 0.13
8 -1.157 65 6.22 0.34 12.38 -0.14 0.14
9 -1.167 79 6.14 0.08 11.83 -0.24 -0.10
10 -1.505 79 6.25 0.40 11.81 -0.06 -0.12
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Fig.6  Relationship between sulfate reducing bacteria and

iron sulfide precipitation ( modified from Chen, et al®)
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