IR NRS TR

MARINE GEOLOGY & QUATERNARY GEOLOGY

Y R X TR IR ZRHE . X T e AR YRR

RIESL, R, HER, R#lL, Fa¥, KA

Geochemical characteristics of sediments in the Haima Cold Seep area: indication for methane seepage and sediment
source

LONG Hengcha, XI Shichuan, YANG Huiliang, ZHAO Lihong, LI Jinyang, and LUAN Zhendong

TELR I View online: htips://doi.org/10.16562/j.cnki.0256-1492.2023101001

FETT BRI A

Articles you may be interested in

ARG BV SR X TR LI K MR AL 27 R AR X v SR Bl 48 7
Geochemical characteristics of sediment pore water in Haima area of the South China Sea: An indication of cold seeps

T 2 DU 20 M . 2024, 44(1): 1-14
V8 AN DR BT TR SR 2 5 b T sk (L2 R S B A 85

Geochemical characteristics of the Early Pliocene cold seep dolomite at Chiahsien, Taiwan and their implications for fluid sources

and sedimentary environment

TR BT 55 50 D 20 b BT 2021, 41(3): 85-94
RV AR TR R Fe—P-S T 2 U BR AL AR AE KO H 6 12 Tl A48 7

Fe—P-S geochemical characteristics of sediments in the Shenhu area of northern South China Sea and their implications for methane
leakage

T b 5T 5 5 DU 28 L. 2022, 42(1): 96-110

TRV SR IX CRR Y — /K S i i it D S IR A5 0 e

Progress in in—situ observation of methane flux at sediment—water interface in cold seep

TREE M5 50 D 20 M. 2023, 43(4): 167-180

T T P AR R JE AR AR TR FLBR K SR AL 27 R X B B2 e 1 s Y8 78

Pore water geochemistry of shallow surface sediments in the southern South China Sea and its implications for methane seepage

activities
TR S50 DU 28 H . 2021, 41(5): 112-125
[ip S RERTNERITR AL/ E N VI i s ve $: 1162 GA A=t 2 (198 =98

Rare earth element geochemistry characteristics and implications of pore—water from deep sea sediment in Western Pacific Ocean

TR b 5T 5 AR DO 20 b T 2021, 41(1): 75-86

KA AR, B LR E


http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2023101001
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2023022301
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2021012301
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2021080501
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2022081901
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2020123101
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2020102601

ISSN 0256-1492 W PR 55 U4 R 54455 5 6 W
CN 37-1117/P MARINE GEOLOGY & QUATERNARY GEOLOGY Vol.44, No.6

Fe AR S, JE I, W 2R, AT 0 SR IX LR A L BR A~ R A - X6 A5 28 i R DDA R U5 A 48 7% (). VA9 M 5 45 565 L 40 3 J5, 2024, 44(6): 105-
120.
LONG Hengcha, XI Shichuan, YANG Huiliang, et al. Geochemical characteristics of sediments in the Haima Cold Seep area: indication for methane seepage and

sediment source[J]. Marine Geology & Quaternary Geology, 2024, 44(6): 105-120.

8 5% R B M ER AL 2 FHIE: X) T b iS R AR
RYRIRRVIE R

TE X ) E R BRI, FaiE, RIkRAKRY
LI ARBHE KA Bk Bl 2 5 TR 2B, 5 5 266590
2. v [E R 2 B 08 R AF 5 T U TR L S PR B R A R, T % 266071
3. vl [ o A R 5 IV M BRI, T 5 266237
4. P [E PR PR HLBR B2 24 B, 59 266100

WE:BERFTRERETELERBREFESAETRY M, BEFTREBRABRSE EFEBABRBOT HF FELZEF 8@~
APBREF AHARABRYZEZERATRLBFANETEZHAAR, ALEATEHEL A RR ZZYT 3545 % 400 cm 89 22 T
R B, SRR T R 2 LE M E RS A FE IR R AR AT 54, 454 Bayon BE A S, R R, 3500
ﬁﬂﬁhir#hﬁv’!éﬁiyﬂﬁkﬁlyﬁz&ﬁm S E TS %, ERFT MRS ALE KB BLF MR AEFTHRBHA & 25%,
ETBRIE FHE . HEFMES ., @idd 5 AYREE, LREE/HREE, 8Ce, CaO. Mogy. Ugp. #8235~ 4 & 54 & 4 T I 5 iR
R IEAFAR R, R R 4 AR B wﬂ B (SMTZ) , FnF il sbiTae B4 RFIeE B FH (MRE) : 210~
300 ( MRE1) ,170~190 ( MRE2) .80 ( MRE3) .10~50 cmbsf (MRE4) . & &M X R ABH R K= FTIRERH L, K
AHARTHELHAEZRIKRERTES TS, MRS ABRWAZTREEAH R, X—KIAERNHFL"ARLRARY
AL 35 SR 7 T 5 1 LA B R i B R — 8 45 5 L
KRIF: TR ib £ F MARIRBE; RALE RBBA KT X (RSE); 5 L ALK
hE 526 S:P736.4 XHRFRIRES: A DOI: 10.16562/j.cnki.0256-1492.2023101001

Geochemical characteristics of sediments in the Haima Cold Seep area: indication for methane seepage and

sediment source

LONG Hengcha'?, XI Shichuan’, YANG Huiliang**, ZHAO Lihong', LI Jinyang"’, LUAN Zhendong'?

1. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China

2. Key Laboratory of Marine Geology and Environment, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China
3. Qingdao Institute of Marine Geology, CGS, Qingdao 266237, China

4. College of Marine Geosciences, Ocean University of China, Qingdao 266100, China

Abstract: Seabed methane seepage can have a significant impact on the marine sedimentary environment, causing differences in mineralogy,
geochemistry, and other aspects between sediments in methane seepage areas and those in normal sea areas. Therefore, cold seep sediments are
important carriers for recording methane seepage events on the seabed. A 400-cm sediment core was analyzed that located at Station ZZY7 in
the newly discovered "Haima" Cold Seep area in the Qiongdongnan Basin, South China Sea. The mineral compositions and geochemical
characteristics of major elements, trace and rare earth elements of the core sediments were studied with which the Bayon model was combined.
Result show that terrigenous sediments were accounted for 75% of the total sediments, consisting of mainly quartz, feldspar, clay minerals etc;
and biological and authigenic mineral deposits took 25%, and composed of mainly aragonite, calcite, and high magnesium calcite. The sediment
minerals at the site are numerous and have diverse origins. An indication system was established using indices of ) REE, LREE/HREE, 3Ce,
CaO, Mogp, Ugr, and carbonate mineral percentages, with which methane seepage could be detected. Four sulfate methane transition zones
(SMTZ) were recognized, from which four methane seepage events (MRE) in the cold seep area at 210~300 cmbsf (MRE1), 170~ 190 cmbsf
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(MRE2), 80 cmbsf (MRE3), and 10~50 cmbsf (MRE4) were inferred. Combining the sediment weathering index and methane seepage history
in the study area, it was found that the potassium content of the early Cenozoic strata was high due to potassium metasomatism, while the

sediments at the station were not affected by diagenesis. This discovery has certain guiding significance for using the sediment-weathering index

of the Haima cold seepage area to study the history and causes of methane seepage.

Key words: methane seepage; rare earth elements; sedimentary environment; redox sensitive elements (RSE); Haima cold seep
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Fig.1 The study area and station location

a: Topographic map and sampling location of the Qiongdongnan Basin (QDNB) in the northwest of the South China Sea (modified from Li Chaoyang **),

b: topographic map of the surrounding area of ZZY7 station. YN: Yanan Depression, YB: Yabei Depression, SX: Songxi Depression, SD: Songdong

Depression, LD: Ledong Depression, LS: Lingshui Depression, SN: Songnan Depression, BD: Baodao Depression, BJ: Beijiao Depression,

CC: Changchang Depression.
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Fig.2 The XRD charts

111: illite, Chl: chlorite, Cal: calcite, Kl: kaolinite, M-Cal: Mg-calcite, Sm: smectite, F: feldspar, Qz: quartz, Arg: aragonite, KP: K-feldspar, Pl: plagioclase.
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a: U, Mo, Ugg, Mogg contents vs depth, b: V, Ba, 8Ce, U,, contents vs depth.
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Table 1 Comparison of rare earth elements in the South China
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Fig.6 Normalized patterns of the rare earth elements (REEs)

a: PASS normalized pattern of REE (PAAS reference [24]), b: chondrite normalized pattern of REE (CI reference [26]).
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Table 2 The contents of high-Mg calcite, aragonite, biogenic calcite and detrital materials in the Site ZZY7 sediments, calculated from the

model presented by Bayon

Fig.7 Relationships of the Bayon end-member model ! and Mg/Ca and Sr/Ca(a) and mineral content variation with depth
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Fig.9 Ce abnormal discrimination diagram of sediment

a: Ce/Ce* vs Pr/Pr* ratio, b: Mogg vs Ugr at ZZY7 station. I: No Ce anomaly region, Il a: Ce negative anomaly region caused by La positive anomaly, [ b: Ce

positive anomaly zone caused by La negative anomaly, lll a: True Ce positive anomaly region, Illb: True Ce negative anomaly masked by La positive anomaly,

IV: The Ce abnormality masked by La abnormality. *SW is the Mo/U molar ratio of 7.9 (Reference from **')(data sources: Q6: from refernce [13]; QS-1: from

refernce [27])
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Fig.10 Mineral content changes with depth (dm)

a: Percentage of aragonite, b: percentage of carbonate minerals.
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