IR NRS TR

MARINE GEOLOGY & QUATERNARY GEOLOGY

VA TR B AR AL M EDR S SRRER L 5 - SR AIBHE R R

& F, AAM, B &, RHkE, RAF, B K, K24

The impact of change in fluid seepage intensity on iron and phosphorus cycling in chimney-like seep carbonates
GAO Yu, LIU Chunyang, HU Yu, CHEN Linying, LIANG Qianyong, FENG Dong, and CHEN Duofu

TELR L View online: https://doi.org/10.16562/j.cnki.0256-1492.2023100802

LT RGO H A R

Articles you may be interested in

R AR B TR I Fe—P-STT 38 HUER AL A4 HE L2 0 H Bei e 106 7
Fe—P-S geochemical characteristics of sediments in the Shenhu area of northern South China Sea and their implications for methane
leakage

TR 5 D20 M 5. 2022, 42(1): 96-110
L BV 45T Conical e SUA e K1 T AR DUBIARAE BB T i AR 48 7

Constrains of seepage fluids based on the characteristics of authigenic deposition from Conical serpentinite mud volcano in the

Mariana forearc

TRRYE L5550 DU 2 b BT 2022, 42(6): 1-10

BN IR iR RREE— T be sty N RO BR TG 3

Carbon cycle within the sulfate—methane transition zone in the marine sediments of Hangzhou Bay
T b 5T 5 55 DO 22 b BT 2020, 40(3): 51-60

A Al R R TS S A BT R 2 R S TURRER S

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

and sedimentary environment

T AR D20 M 5. 2021, 41(3): 85-94

TR K LR PRI A% -5 A T S R sk i A2 )

Methane migration and consumption in submarine mud volcanism and their impacts on marine carbon input
TRRYE BT 55 50 DO 22 b BT 2020, 40(6): 1-13

T 8 T2 DUR BRI A 25 S KR 5 B SRS i

Forms of sedimentary phosphorus in the South Yellow Sea and the implication to regional eutrophication trend

TRV b S5 50 DU 28 5. 2023, 43(5): 106-118

SHERAE AT, PR


http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2023100802
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.0256-1492.2022051101
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2020021401
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.0256-1492.2020050801
http://www.jhydz.com.cn/article/doi/10.16562/j.cnki.0256-1492.2023073101

ISSN 0256-1492 W RS 5 U4 R 0445 5 61l
CN 37-1117/P MARINE GEOLOGY & QUATERNARY GEOLOGY Vol.44, No.6

T, XA B, AR, 4. D IACIS R 50 B2 72 Al X DR v SRR IR R HP B A B0 B B0 B (9], A 05 58 DU 4 T, 2024, 44(6): 96-104.
GAO Yu, LIU Chunyang, HU Yu, et al. The impact of change in fluid seepage intensity on iron and phosphorus cycling in chimney-like seep carbonates[J]. Marine
Geology & Quaternary Geology, 2024, 44(6): 96-104.

AR ZREE TR E RS R REEE A ek Fnk
EEZNEEAN
BELXEMR, A, R E, BoT B2 LK, KL 4E!

L. 1 T R A I R 2 B, 3 201306
2. R VAR R R A R M Vg v b SR A SR, )M 510075

Y

WE:ALABRLEEHRIRPERAKRBEN TR TAREALAL W AFLERRG AP R FER faxtsk (Fe) Fo
B (P) AFEABAAMX AN FLFIRGY A NERFTE AL EERATER—ASRER L EWABRBBRTT
HHE BRI R Fe A PUS#FTT oM., ZRET,AYWRBFTRORALAER FHTHBC THY 8 A58
B e R (8°Cyppg<—55.5%0 ) , F BH Mt P i FTRED M, MAT O AR, ER WA RREELNBFF HY
BRI EHEM (5.5%0~58% ) . MEANSEFT HBBRAFBEAEZ, NEAXEAE, AEBAHELHR T 2RO TRER
BESM, HRTREZNSHMDMALAOEHRE (Pyy) , FERSHEZTHAAMANE, AALILEREH &, AEKER
T B AL KESEH (Pp) 2225, N TRAEAABELT OV R, GO LREREAN, A RARKREEN
BERENT, TR RIBEGIEIRLH 0 Pyy, o Pp 89 F B, THEZ A A T4 F o B A BER B 09T 5, A A LR B
09 B Fa Bk AE IR E AR

SERIE: FARiB R AR o B4 BRA IR AR AR B 2k

hE 5% S:P736.3 XHkFRIRAG: A DOI: 10.16562/j.cnki.0256-1492.2023100802

The impact of change in fluid seepage intensity on iron and phosphorus cycling in chimney-like seep carbonates
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Abstract: During the formation of seep carbonates, variations in fluid seepage affect the biogeochemical processes that drive the cycling of
various elements, such as carbon and sulfur. However, such an influence on iron (Fe) and phosphorus (P) cycling and related biogeochemical
processes remains unclear. In this study, mineral compositions, carbon and sulfur geochemistry, Fe and P component were investigated on a
cross section of a chimney-like seep carbonate sample collected from the Dongsha area of the South China Sea. Results reveal that the anaerobic
oxidation of biogenic methane led to the formation of the extremely "*C-depleted authigenic carbonate rocks (8"°Cyppg<<—55.5%o), and the
addition of enriched 'O fluids from the dissociation of gas hydrates results in abnormally high oxygen isotope composition (5.5 %o —5.8 %o)
observed in the chimney carbonates. Combined with the dominant minerals with calcite in the outer layer of the chimney carbonates and
aragonite in the inner layer, we inferred that the carbonates in the inner layer were formed at the later stage under stronger methane seepage
condition. The most significant P-bearing mineral in the samples is authigenic phosphate (P,,q4), and the highest content is in the inner layer of
the chimney carbonates. Compared with the outer chimney sample, the inner layer has lower Fe oxide content, but higher Fe-bound P (Pg.)
content, indicating the formation of vivianite. Therefore, we believe that under a stronger seepage condition during the formation of seep
carbonates, an enhanced intensity of methane seepage can affect the abundance of P4, and Pg., which may favor the formation of vivianite and
authigenic phosphates, thereby influencing Fe and P cycling in cold-seep environments.
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Fig.1 Sampling location and subsamples

a: The sampling site located in the Dongsha sea area, known as Methane Reef Site 3; b: the subsample of seep carbonates chimneys from S1to S10. The cross-

section diameter of the seep carbonates chimneys is about 10 cm, and one point was taken about 0.8 cm apart for 10 points in total.



98 YRR M J5 5 56 D0 20 b TR

2024 4F 12 H

L1 HYSE. BRAEERKARMLEST

¥ SRk IR R 5 I T 0 AH 43 Tt (XRD) 7 L 15 16
TR 25 . F{%E BRUKER D8 ADVANCE X 4}
LTI 500, TAES O S Ka T2k, D)%
7 40 kV, 30 mA, FH5 [Fl 20 = 3°~85°, A G Hk4E
A 1 mm, FHGEE R 4°/min, 59 E & 2L d[104]
WA AR SR A o it 4 A B R i b, DA
dl111] W T SO AR 3 . i d[104] 15
TR RRIR IR S ) B & i

A SR Ik TR 8 25 R 1] v Al RN 1 A I I
K 2% Elementar I 50 R /0 H A0 % o FHHE RS 25 K F-
BUH R 25 25 mg My ARE S E AT B AL, A5 30
B 2 SR R R R 5 M P b ik (TC) FLEVR (TS)
T o R FH IE B R T N A ik R R A P e TR R A 1)
fc S R R AR, HARMEAE 75 C %40 T, M IE
Wi iR 5 FF & SO B LAY CO,, i i Thermo Finnigan
Delta V Advantage 2t & [F] i 3 1 3% 1 X B il 19
CO, #AT otk e A R L R 4 . UL VPDB
BrAn o R 2 2% b i, 81°C F 80 4 Mok JE 4 T
+0.1%o0,

1.2 SRENFELER

2 HR 25 WL SCHR A e 7 Sk Y7 vp it s Ik iR A T
IR AR TR 6 2 R [ 2R 4 o Ak 2 i 2 4R . N [H)
BRA 53 B IBOE BRANAH R S5 1040 - OF R 55 AH 1 £k
(Fecaw) » 20 50 mg ¥ 5 5 1 M 2, iR 84 ¥ W I 1
24 h, pH=4.5; @ ) it J5 4 F AL W 1) 8k (Feoyy) , b —
B0 JE BRI S T AR A B 25% SR 1
1M Eh R ¥R M S W RN 48 hy Bl 3 i M 4k E Ak
B8k (Fegy,), b—2 B0 5 BRIE 5 50 g/L i —3F
W R M W R W 2 h, pH=4.8( 1] 0.35 M Z.#2/02 M
ZTRENVATT pH ) s DREZRH I ER (Feyy) , E— 25
BT S 02 M FERE/0.17 M B RIE A W
W N 6 h, pH=3.2, LiR$AiE¥ =R T 17,
A3 BUSE U B0 0T 0.2 pum 9 i i B L T
B . Fecan Feoy Fll Feoy, & millil# IR Alcott 557
JIE R J5 5, A8 T A3 6 BE BE EAT IR, Feyyg M99 HiE
JH R 45 B R & 5% AL (ICP-OES) Ml
S 5 N BB AR FTAT AR A TR A 4R IS 5 Y
SR, 45 R R [RIER 2 43 0 T 0 R X 15 25 3
N 5%

1.3 BASUFELIRE
Ve SRR R ERAE i TP AN TR 2 i 0 4 B R 5

W5 2 MR Ak 2 7 S22 UL ¥ H) SEDEX 35 ) #17 .
2y 50 mg FF KUK 5 A 4R IO R N, A RN
T On] 22 e A8 (Pe) #2811 M MgCl, 2 3
W (pH=8), 21 0.5 h; @R E W 25 6 AW (Pg,) 2
W, A1 0.3 M TR B4R 25 o/L % — V4 B2 BN AR
J R BOR (pH=7.5), )R 8 ho 13 & J5 M FE &h 355
FH 1M SR BE $2 BORK (pH=8) 15 vk /N I B 0 i
PEM LT W B A A B R R M (Pe) $2 I, (1 H
1 M 5 B8 4 - T 1 2% b Y 2 B (TS R R 77 pHL 2 4)
FRE 6 ho 35 1 g DT R T 1 MGk B 4
U (pH=8) 15 Yk > /NI I 250 i B R 15 W5 @Bk
TR B W (Ppeg) EHC . (1 1 M £R B2 7 AR B, I
I 24 hy @A HLBE (Po) 320, B T B 1k b2 i 2k
PEWCRE FE T Po, BYHRR, R FH 22 (B AT Py M4
B, HARB IR () BRI AFEMS 1M
AR MR VS W VL 24 hy (b) B S 28 4F 550 CHIBE 2 h
i, 5 1 MR IE WO N 24 he R (b) 5 (a)
B B 22 (D Pogo R TA $RIBCIC I 76 5
TNHEAT, Hor, P, Hil P, 019 £ ION AE TS A L T
RAWTER PIEATEAE, DL 1Y A Ak Xt
Pp, il P, 25 82 09 T4, SR FH 00t 0 B vk i 42
WO Pryy Paun Ppers Pore 199 fiE 0 R T (1753 42
IO P, 2 RS FH 20 D600 BE 3 L 3 B 42 B
WO 4y 6 BE VA I T4, # BR Huerta-Diaz 5 {if b
PRk, X Pr (942 BOR 8 F Mg(OH), LT JE &
THBR T, SR 5 FH 55 Bt 7 08T Ok 134 5 P AR R V4
i, 5 F o OO BE VR R P . IRIFLRE
PR AT AL RIS ATRE S 5, N TRl 20 43 5 4 43 B AH G
RE— BN T 10%.

2 4

21 RRBEBRESEENT WHK

T IR IR IR 0 5 I 1R B W o R AR,
fA¥E, KA. Hmamsca (). 560,
AT DA RE A 4 i N AR )2, Ho 4 S S1—S3
S8—S10 MK 42, 45 S4—S7 WK NZE . Bi
P JZE Y S5 F1 ST Bk BREh A ) £ 2 XA A (3ChA
FRTE 70% DL B, HoR g 5 B BRI Eh 04 3 2
i A R, IR A RN 70.2%~84.1%. AR &
A1 S A B v W Rl VR AR B Y, B RS A
KA, &8N 10.7%~29.8%, Mk Fok A, KEEA
Hb 2 IR B TN R A



iy

RVECE A

1o T, A e DLACIS T B R A AR P ARV S R R P BRI A B4 2 )

99

100
] e
90 | kA
A 0 s
801 o M C A
70 M N N m M M
S 60t
=
= 50t
N
e 40F
30
20 k-
WMM(HWM
0

S1 S22 S3 S4 S5 S6

WURE RS
B2 AR s 0 B A K

Fig.2 Mineral composition of seep carbonate chimneys
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a: Relative proportions of the iron component, b: relative proportions of the phosphorus component.
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Fig.6 The cross-plot of crystalline iron oxides (Feq,,) and
amorphous iron oxide content (Fe,) from cold seep carbonate

chimney samples vs iron-bound phosphorus (Pg,), respectively

The red dots are seep carbonate chimney samples. The black dots are

samples from the outer layers of seep carbonates.
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