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Abstract: The Shenhu area is a key area in China for gas hydrate exploration and trial production. Research results suggest that such elements as
Fe-P-S, are easily affected by the anaerobic oxidation of the methane (AOM) to form the minerals of pyrite and viviante. To study the methane
seep intensity and hydrate accumulation potential of the area through Fe-P-S and other elements and their geochemical characteristics has
reference significance for further understanding the gas hydrate accumulation mechanisms. In this paper, the core sediments from the Site 2A of
the Shenhu area in the north of South China Sea are selected as the research target. Upon the basis of previous studies, the relationship among
Fe, P, S and their implications for methane leakage are studied with the analysis data of major and trace elements, iron-bound phosphorus,

authigenic apatite phosphorus, carbonate iron, magnetite iron, reducing iron, chromium-reduced sulfur (CRS), sulfur isotopes, and total organic
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carbon (TOC). All the data of TOC, P/Ti, Al/Ti, Ba/Ti, high active iron (Feyr) and other productivity indicators from the Site 2A station indicate

a medium level of primary productivity. The primary productivity below 600 cmbsf (centimeter below sea floor) in water depth increases

slightly deepwards. CRS content increases below 600 cmbsf and its sulfur isotope is obviously positive, which indicates the existence of AOM.

The Mg/Ca and Sr/Ca are indicators of high magnesium calcite and aragonite in sediments, and Sr/Ti and Ba/Ti contents related to authigenic

carbonate. They all leave peaks at 600 cmbsf, and the water around this depth, the contents of Iron-bound phosphorus and Authigenic apatite

phosphorus are also high. Therefore, we speculate that the depth of 600 cmbsf is most probably the upper boundary of Sulfate Methane

Transition Zone (SMTZ). The research further suggests that the content of iron-bound phosphorus increases significantly in the SMTZ, CRS and

5*S in pyrite and may indicate the content of pyrite, so that methane seep can be recognized by different forms of Fe, P and S elements.

Key words: methane seep; paleo-productivity; elemental geochemistry; AOM; Shenhu area
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Fig.1 Geographical location of Site 2A station

The base map comes from GeoMapAPP software.
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Table 1 Major element composition of core sediments from Site 2A
FEmgm > RE Si Al Ca Fe Mg Ti S Mn P
Site 2A-001 1 25.15 8.59 5.96 2.31 1.60 0.49 0.24 0.09 0.07
Site 2A-006 23 24.77 8.49 5.46 2.26 1.59 0.48 0.17 0.07 0.06
Site 2A-011 48 23.86 8.28 6.97 2.21 1.60 0.50 0.18 0.08 0.07
Site 2A-016 73 23.85 8.18 6.44 2.25 1.63 0.48 0.21 0.07 0.06
Site 2A-021 98 23.87 8.25 6.28 2.27 1.61 0.49 0.20 0.07 0.06
Site 2A-026 123 23.93 8.27 5.88 231 1.65 0.49 0.19 0.08 0.07
Site 2A-031 148 23.76 8.22 6.56 231 1.64 0.49 0.20 0.07 0.07
Site 2A-036 173 23.27 8.13 6.45 2.28 1.56 0.50 0.19 0.08 0.06
Site 2A-041 198 23.70 8.16 6.36 2.29 1.55 0.49 0.19 0.07 0.07
Site 2A-046 223 23.49 8.04 5.92 231 1.57 0.48 0.18 0.08 0.06
Site 2A-051 248 23.53 8.15 7.38 2.28 1.56 0.48 0.21 0.08 0.07
Site 2A-056 273 24.19 8.20 6.71 2.33 1.64 0.50 0.22 0.08 0.06
Site 2A-061 298 23.49 7.95 6.45 2.12 1.56 0.45 0.25 0.06 0.06
Site 2A-066 323 23.79 7.89 7.13 2.21 1.49 0.48 0.23 0.06 0.06
Site 2A-071 348 23.93 8.34 6.72 2.24 1.65 0.47 0.23 0.07 0.06
Site 2A-076 373 24.23 8.45 6.48 2.26 1.63 0.48 0.19 0.07 0.06
Site 2A-081 398 24.23 8.21 6.83 2.29 1.54 0.50 0.23 0.06 0.06
Site 2A-086 423 24.04 8.17 6.66 2.25 1.56 0.49 0.24 0.07 0.06
Site 2A-091 448 23.94 8.10 7.20 2.27 1.56 0.52 0.23 0.07 0.06
Site 2A-096 473 23.53 8.16 6.92 2.31 1.53 0.51 0.22 0.06 0.06
Site 2A-101 498 23.99 8.32 6.23 2.38 1.55 0.52 0.24 0.07 0.06
Site 2A-106 523 23.53 8.22 5.35 2.37 1.57 0.51 0.24 0.09 0.05
Site 2A-111 548 23.56 8.06 4.75 2.50 1.61 0.50 0.28 0.10 0.05
Site 2A-116 573 22.80 8.01 4.73 2.54 1.50 0.54 0.28 0.11 0.05
Site 2A-121 598 23.52 8.27 4.43 2.52 1.57 0.53 0.33 0.09 0.05
Site 2A-126 623 23.75 8.35 4.90 2.41 1.56 0.50 0.29 0.10 0.06
Site 2A-131 648 23.92 8.44 5.13 2.44 1.54 0.50 0.33 0.10 0.06
Site 2A-136 673 19.80 7.19 522 1.80 1.29 0.38 0.26 0.06 0.05
Site 2A-141 698 24.15 8.22 7.06 2.24 1.60 0.50 0.37 0.08 0.07
Site 2A-146 723 24.32 8.29 7.12 2.22 1.63 0.49 0.41 0.10 0.07
Site 2A-151 748 24.30 8.32 6.99 2.28 1.59 0.50 0.33 0.09 0.06
Site 2A-156 773 24.14 8.04 7.44 2.20 1.57 0.49 0.45 0.09 0.06
Site 2A-161 798 23.61 7.74 7.57 2.10 1.57 0.48 0.43 0.08 0.06
Site 2A-166 823 22.64 7.54 7.08 2.15 1.48 0.46 0.39 0.08 0.06

A IREERA yembsf, TGER A%
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Table 2 Rare earths elements, trace elements and TOC of core sediments from Site 2A

B b 5 W \% Cr Ni Rb Sr Zr Ba Th U TOC
Site 2A-001 1 121 72.9 46.3 120 310 134 543 11.4 231 0.621
Site 2A-006 23 119 72.6 44.8 121 301 138 546 11.5 2.99 0.629
Site 2A-011 48 114 68.5 442 114 349 131 532 10.8 3.08 0.853
Site 2A-016 73 115 70.6 43.2 117 331 133 541 11.3 3.06 0.772
Site 2A-021 98 116 71.4 43 119 325 130 538 11.4 3.09 0.662
Site 2A-026 123 115 72.1 42.7 120 306 137 522 11.5 2.89 0.600
Site 2A-031 148 118 71.2 43.5 119 334 135 523 11.2 3.02 0.661
Site 2A-036 173 118 74.7 44.1 119 329 137 522 11.4 3.09 0.592
Site 2A-041 198 118 71.6 44.4 117 348 133 527 12.2 3.28 0.779
Site 2A-046 223 113 72.6 422 120 327 136 522 11.6 3.12 0.575
Site 2A-051 248 115 71.4 43.9 119 363 134 544 11.3 3.27 0.641
Site 2A-056 273 114 71.7 43.2 117 334 132 523 11.4 3.12 0.642
Site 2A-061 298 114 71.5 44.7 116 358 136 521 11.6 3.27 0.669
Site 2A-066 323 115 75.2 44.8 120 358 137 520 11.7 3.22 0.614
Site 2A-071 348 110 71 41.8 117 360 133 511 11.5 3.17 0.604
Site 2A-076 373 114 75.4 43.7 124 342 140 522 12.1 3.18 0.622
Site 2A-081 398 111 73.9 43.7 119 335 132 513 11.8 3.35 0.642
Site 2A-086 423 112 75.1 442 121 331 139 509 11.9 3.19 0.596
Site 2A-091 448 118 77.2 47 124 355 136 510 12 3.39 0.666
Site 2A-096 473 118 77.5 47.8 123 342 134 519 11.8 3.37 0.661
Site 2A-101 498 117 79.8 48.1 130 325 138 525 12.6 3.62 0.678
Site 2A-106 523 117 80 48.8 129 291 132 521 12.2 3.15 0.738
Site 2A-111 548 114 80 49 132 256 135 495 123 2.98 0.752
Site 2A-116 573 118 83.5 50.5 137 256 136 507 12.8 3.22 0.900
Site 2A-121 598 116 83.9 51.4 139 246 133 507 13 3.17 0.798
Site 2A-126 623 117 82.1 49.8 135 267 130 503 12.8 3.14 0.773
Site 2A-131 648 116 81.1 49.6 136 282 132 528 12.7 3.21 0.884
Site 2A-136 673 116 75 46.1 125 342 134 514 12.1 3.24 0.816
Site 2A-141 698 112 73.4 45.4 119 351 137 487 11.5 3.16 0.951
Site 2A-146 723 114 73.7 44.8 119 359 134 494 11.6 2.97 0.937
Site 2A-151 748 111 72.8 43.8 120 340 136 487 11.5 291 0.868
Site 2A-156 773 107 69.2 44.1 115 361 134 484 11.3 3.11 1.030
Site 2A-161 798 109 70.6 46.9 113 381 132 507 11.1 3.31 0.996
Site 2A-166 823 109 71.4 44.9 117 355 134 515 11.4 3.31 0.932

VE: IREEEAL embsf, FLE TR A pg g, TOCHA %
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4 328 pgrg!, #E 550~ 670 cmbsf i I BE H4 i1 i
B,

Site 2A 3 v JTBAE B 5 19 A7 HLBK 7% 5 (TOC)
A5 R L3R 2, TOC & 4 0.575%~1.03%, “F-3
B4 0.74%, SRR, Bl TR B3 AT 248 55 n
P EEA

32 AEREHHE. RURMSEESTUBER

Site 2A 3l (v PURRAEAE 5 1 Bk A AL W 25 6 S
A W S A R 3 R, BRES A
9 90~1610 pg-g”, FII{E N 522 pg-g!, B AKAR{L
K, 7E 100~ 300 cmbsf 2 H AR A 10 544 -
I A B IR AT AT A i 927~1770 pgrg!, I K
1310 pg-g™', Rl & VR B2 38 s 1A 52 0 2 35 7
600 cmbsf 22 A7 8L T fe/ME o 38 1 5% 38 I A
Rk (Fe,y) 19 97 B 900~ 4190 pgg,
FIIE A 1970 pgrg, Bk R Eh 2 & R 13.7~96.4
ngg ™, PN 53.3 ngrg !, b JFUEL A R 1200~
3310 pgg", FIIME N 2700 pg-g, BELH k& il
672~1200 pg-g ', “F-¥I{E Jy 920 pgg', 8S WY N
—49.3%0~—36.6%o, “F-YI{H F1—-44.7%0

3 Site24 HIVMRPNKEANNESTH,. BEBRKA

4 zER 53

41 HEFNEKEYHEEN

RZAE T TR TR P A LR S EA
T EER W, A LR R BRI R A S
— ANEE A FERTEAR . Site 2A 37 TOC &5 & 4
0.575%~ 1.030%, “F¥J{H A 0.740%, EIRAELA K,
Wil TR 32 1S I Gz g K i) i (181 2) . Site 2A 3l fir
() TOC W 5 1% T ma ¥ b 3 0T J8 GHE27L
£37.(0.53%~1.81%) A1 GHE24L i {1 (0.45%~ 1.65%)
W45 19 TOC & & 2, & T m W R VI X0 AE 1y
0.26%~0.73%", 48 7~ 1% X 38 & T A8 AL iR B 48 /N i
AR E T 1K o BRI A A I B Y 2
TR, Wz s FH T VPAS T AR 7 0, T R T AR
WG E S Ti W HEFZEZE T AR E A Y
Fri . ORISR IR X S A L R T TR R AR LA
K R UR XA Ak K AR BN B 5T R B,
P/Ti R Fem ol A 77 1 o] LUTE BR B T Ti AN AL EZEk
T il A R TS 40 JB 1T R 1) 52 Wil B8, 7E Site 2A

S BHRTHK, BREREBKMTERERERES 2R S BUiE

Table 3 Iron-bound phosphorus, authigenic apatite phosphorus, pyrite iron (Fe,,), carbonate iron, reducing iron and &*S of core sediments
from Site 2A

i R B A A BRehi A LRI BRIREL Bk I8 JR Ak Bk 3777 3*S-VCDT
Site2A-013 58 1480 90 96.4 3050 1050 —36.6
Site2A-023 108 1770 1610 73.8 3110 842 —40.8
Site2A-033 158 1470 1600 56.0 2430 741 —42.7
Site2A-043 208 1490 1600 1420 52.6 2470 905 —46.4
Site2A-053 258 1500 1370 1260 40.4 3310 784 -
Site2A-063 308 1530 210 1760 49.9 2490 1090 —49.3
Site2A-073 358 1160 133 1760 48.7 2 660 895 —47.1
Site2A-083 408 1270 329 1260 66.4 3170 823 —49.0
Site2A-093 458 1250 114 1160 62.9 3260 922 —48.3
Site2A-103 508 1090 95 1640 68.2 3020 1150 —47.1
Site2A-113 558 1200 90 1210 61.9 2930 1200 —47.3
Site2A-123 608 927 90 1980 60.4 3130 1010 —48.1
Site2A-133 658 994 224 2 640 40.9 2820 950 —45.9
Site2A-143 708 1300 142 4040 41.0 2130 888 —43.5
Site2A-153 758 1300 210 4190 18.8 1980 672 —40.3
Site2A-163 808 1290 430 3960 13.7 1200 811 -37.4

e REEEA N embst, BERERE A Iug g SRR BTN %0.
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Fig.2 TOC, Ba/Ti, AUTi. P/Ti of core sediments from Site 2A
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18 e, YA e W R e A T
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Fig.3 Correlation between TOC and Feyy of core sediments from
Site 2A
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Fig.4 High active iron (Fepg), total iron(Fer), S, pyrite iron, carbonate iron, reducing iron, Fegg/Fer. Fe, /Fegr

of core sediments from Site 2A

Feyg is the sum of carbonate iron and pyrite iron, where pyrite iron is the conversion of chromium-reduced sulfur data.
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Fig.5 Correlation between pyrite iron and Feyg correlation between pyrite iron and carbonate iron of core sediments from Site 2A
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Fig.6 Ca/Ti, Sr/Ti, Ba/Ti, S/Ti, Mg/Ca, Sr/Ca, Sr and Ba of core sediments in Site 2A, model from Bayon!" and the relationship

between Sr/Ca and Mg/Ca of core sediments in Site 2A
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