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Abstract: The geochemical characteristics of pore water in seabed sediments may quickly respond to the changes in the methane seepage and
related biogeochemical processes. In this paper, methane, DIC and its carbon isotope value (8"*Cpyc), anions (SO4*, CI), major and trace
elements (Ca®', Mg?', Sr**, Ba®") are analyzed for the pore water samples (BH-H75, BH-H13Y and BH-H61) collected from the Beikang Basin in
the southern SCS. The (ADIC+A Ca**+AMg*")/ ASO,* ratios and §"°Cpc show that organoclastic sulfate reduction (OSR) and sulfate-driven
anaerobic oxidation of methane (SD-AOM) vary from different columns. For the column of BH-H13Y, OSR and SD-AOM occur together.

However, OSR is dominant in column BH-H75, while SD-AOM dominates the BH-H61 column. There may be microbial methanogenesis at the
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deeper layer in the BH-H61 column. Based on the linear fitting sulfate concentrations, the sulfate-methane transition zone (SMTZ) of BH-H13Y

is estimated to be about 700 cmbsf. According to SO,> concentrations, the maximum DIC concentration and the minimum §"Cp¢ value, the

SMTZ depth of BH-H61 is estimated at about 480 cmbsf. Sallower SMTZ depths, increasing DIC concentrations and highly negative §"Cpc

values recorded in BH-H61 and BH-H13Y columns suggest a remarkable methane seepage in the study aera. The gradients for sulfate

concentrations of lower part of BH-H61 and BH-H13Y columns are steeper than that of the upper part, indicating that the methane flux upward

migration increases with time. Features of Ca®*, Mg”** and Sr** concentrations and Mg/Ca and Sr/Ca ratios in pore water indicate the possibility of

the formation of high-Mg calcite. Below the SMTZ interface at BH-H61 column, Ba®* concentrations increase with depth, indicating the barium

sulfate dissolution occurs.

Key words: pore water; sulfate-driven anaerobic oxidation of methane (SD-AOM); sulfate methane transition zone (SMTZ); methane leakage;

Beikang Basin
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Table 1 Information of three sedimentary columns collected from the Beikang Basin in the southern SCS

i Ela2s e IKER/m KB /em i/ C e B B B /(K k)
BH-H75 6.8482° 112.8052° 1663 397 2.826 88.9
BH-HI3Y 6.7107° 111.4839° 1867 400 2.61 87.2
BH-H61 6.4809° 111.7519° 1938 518 2.585 36.1

(pH<2), T £ | Bl o3 5 P kel
I 09 FLBK R, AN AR AT A BT 42 3R 15 mL
FEA R, 32 2 AR IR ZE B B o T A B FL KR
PIREAET 4 C W ukA b, DI E— B AT 2

22 FLERKMIKKESTEY HBEETEH

FLBR K i =B PH B F (Na', K', Ca*', Mg*)
K T HL B 5 45 B RO IE AL (ICAP-7200 & 41,
Thermo, USA) i . 78 WX Hir, A 5 76 B 10 4%, Bl
J&5 B8 mL 4% 7% 2 gE A A v kAT B RS 0k, )ik
R T 5%, it E (Ba®, Sr*) R fEHE &
EB KBTS AL (ICAP Q &4, Thermo, USA) i# 17
ML, K e R A 29 0.06 pg/kg, K EE K Mo 3 2940
T 5%, CIFI SO ¥ B 2R I 85 -+ £8,38% { (1CS-1100
Al Thermo, USA) #1713 . 473K 56 45 5 B R
CI A1 SO ¥k FE () RSD(n=5) 43 5l A1 0.35% #i1 0.28%,
BI/NT 1%, U 5250 BA B B P . DIC K
H 35Cpye R HH i 22 i it 1% {X ( Delta V' Advantage,
Thermo, USA) #4714 . M3k ik an . & 7
12 mL (1Y & i (Labeo) H1 A S £ JE 7K H3PO,, Fifi
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Jo BYRE SO A 0.2 mL ZKEE, ¥ 72 42 (9 CO, BT
JF 56 %% 2 Bk A, W& 8] 467 R 4 08 7 i JS Y
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2%, JITA BT AT IR TAE X 78 [ SR 02 IR 2R
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H61 33z, SOF Vi FE BB 340 1y .3, 43 5 AR
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(9 1.28 mM. 3 A3 14 H ot 7 et B IR B G i 2 A
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fhta# 5 SOT ik B AR A AH i (& 2), ok i i T 3%
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Sr/Ca, Mg/Ca L {E 7F ¥R B &1 1l 82600t s o i 7E
BH-H61 YL FLURE HF Y Ca?', Mg>, Sk B 1Y [ 1K 4
PO Ol 2, Horh Ca®t, Mgtk B A ) AR 2= DU
FEREFRAY 3.24 F1 39.84 mM, %5 #L AU /K A8 (43 551 Ky
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Fig.2 Depth profile of anion components, methane, DIC and §"Cpyc values in sediment pore water of BH-H75,
BH-H13Y and BH-H61 sites
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%<2 BH-H75. BH-H13Y #1 BH-H61 S i iR ¥FLBRK F R E . BAEF (SO, CI) « EfExEk (Na', K\
Ca®™, Mg*. Sr*. Ba*™) . DIC 1 8"Cpics Sr/Ca 5 Mg/Ca Lt B 4H1E
Table 2 Features of methane concentration, anions (SO, + CIl') , major trace elements (Na'. K'. Ca**. Mg*'. Sr*'. Ba®) ,DIC
and 5"Cp¢, St/Ca and Mg/Ca ratios of sediment pore water in BH-H75, BH-H13Y and BH-H61 sites

WAREE, cHyY SO/ CI/ Na7 K/ Mg*/  Ca¥/ S/  Ba¥/ DIC/ 8“Cp/

B cmbsf mM mM mM mM mM mM mM uM uM mM %0 Mg/Ca SriCa
20 0.176 2699 5404 4433 1242 48.54 9.09 110.02 0.763 2347 -7.23 3.238 0.0265
40 0.200 2680  531.5 442775 1247 48.41 9.17 112.07 0517 2217 -6.26 3.202 0.0267
60 0.179 2587  529.6 44457  12.69 48.49 9.28 107.03 0.527 2282 —6.65 3.167 0.0252
80 0.161 2594 5345 44481 1285 48.38 9.24  109.98 0476 2455 -7.96 3.174 0.0260
100 0.172 2622 5419 44553 12.89 48.36 8.89 10824 0473 2593 -6.73 3.299 0.0266
120 0.162 25.19  536.1 442.19 11.69 48.08 9.03 140.37 0.604 3.449 -10.64 3.228 0.0340
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Fig.3 Depth profiles of partial alkaline-earth metal elements (Ca?", Mg*", Sr*", Ba*") and Sr/Ca and Mg/Ca ratios of sediment pore water in
BH-H75, BH-H13Y and BH-H61 sites
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Fig.4 Relationship between the consumption of sulfate and the

production of DIC (After correction by Ca®" and Mg*" ions)

The solid lines of 2 : 1 and 1 : 1 in the figure represent the 100%
contribution of OSR and SD-AOM respectively. Within these two solid
lines, It indicates both processes occur. The 1.5 : 1 solid line indicates OSR
and AOM account for 50% respectively;The dashed lines of 1.25 : 1 and
1.1 : 1 indicate the contribution of SD-AOM accounts for 75% and 90%,
while OSR accounts for only 25% and 10%.
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Fig.5 Depth profiles of sulfate concentrations, the depth of SMTZ and the methane flux in BH-H13Y and BH-H61 sites
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Fig.6 The weight ratio of Mg/Ca vs. Sr/Ca in sediment pore
water of the study area
Two solid lines indicate the change relationship of pore water Mg/Ca and
Sr/Ca with respect to that of seawater, when aragonite or high Mg-calcite is
formed in sedimentary pore water. Grey diamonds in the figure are the
previous data®”. Green diamonds represent the data of the three sedimentary

columns of the study area.
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TE SMTZ b & T #0301 s e

5 &t

(1)BH-H75. BH-H13Y. BH-H61 UL FAE: 34 &
A T WL R R W (OSR B SD-AOM) , {H 44T
FUEH OSR il SD-AOM [ STk AF7E 22 5+ . ( ADIC+
ACa*+AMg*) /ASO,” L AE Fil DIC iy °C [F] {37 2 4§
fEZRWATE BH-H75 DL 1 OSR 7 %, £ BH-H61
BB R SD-AOM (5 3 5, 7F BH-H13Y 3 {7, &
KHT OSR, R A4 T SD-AOM,

(2) MR 5 42 M B A5 R 6 Wk )3 & DIC ¥R ¥ fie K
{H . 8"Cpyc fre/IMEFFEHEN BH-H13Y F1 BH-H61 11
SMTZ % JE £ 2k 700 11 480 cmbsf, BH-H61 £l BH-
HI13Y JLEUH:h, 5 SMTZ 3% . | THAY DIC ¥
JEE A3 ZU A B9 8 Coyye (EL1E 78 WIS X AFTE H e 8
W75 3h . BH-H61 F1 BH-H13Y 1) 5 iR £h ik B 6 &2
] T % W A2 BE, AT AE 2R W] e 2 U o B B I ] 1
R AR S R Eh Y HOE & AE 5, BH-H61 UUAUE I
HRIC S 1 I F g 18 e il O 22 mmolem Zea; R
HRIC S B4 F g 18 e i & 60 mmolem 2ea™!, 8
FUAR N T 38 mmolem 2ea™!, 1] fE B/~ FP 4 18 T o
JEE i B [ 3% 37 18 5 ) #a #5. BH-HI13Y DUARAE &6
%) Bt TRk = A A L 0T e i i T R, T R S Y
Y% IRE & 30 mmolem™2ea™,

(3) FL B K &8 43 Bk = 4 J8 B 7 Mk S AR fL R A
K Mg/Ca 55 Sr/Ca AR /R TE 3 MU AFTE H
AR TR R A W I UUE , B LA R BE T 4 DLTE R
F, SR G R AR OE A A A I — b SRR
YesE AT . 7E BH-H61 PUFRAE T34, Ba® e
AR 7R B A T R AE SMTZ B B Rk i
BT RAE R
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