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LR, W4, TR, TEE, KSR

IR R R ARG, BifE 200306

FORHARRAK, BRG] 22 O BLAT HLB i R A3
FHM ARG (A E-60%0), “#AR TN K it
YISO T PR BT S AHAEM T SR RSO R
ALIILA R FEG A S [ I A 77 5k ) 07 2% AL AR AT PR A L A
MR IS, BRI IR R G AT AEZTTIX M
JEI AT o HEIRTA RN RIR UKW X 1A ihF
FEREBCR e — Bl LI FARIERE,  KHB I b
FEX ISR 4 e IR SAAL AT CAOMD T
¥, PR TORER MW IR H BN AT BB, 2R
TG o 2RI, AOM AE X R IR DRI
AU R A DTk & 22 K oTkiE ANTE 2. B0 %

FHFE I, A TR VY AR R R A IV R IR
A TR T AT AL 5 8 SR e MU P e [P o7 ZT
TUo G5 RARWIBR IR 5 4 A L5 R 1] 47 3
(813Corg) HAAEH KIAATEH (X 60%0), Hix
IR ATIE-80%0. IR R A AT LK (1 2 e LE A 7 /)
T 20%, RYIHFHEEAT UG TR, HEN L
FLRFEEI B EeB I A R T AT WU 1 XA IR R GET
B B A 35 S MBI [ S BT, A PP IRV SR AR
SRR G I AR TEUT e X R B BAR P P S i) A B
T S0 R I S S A BRI 22 Uk BT BLTTR
(Rl AR S D SR 1) R A L At df

BEG IR H = Y R AR PP 06 I8 8 A A LSR8 LB K R AR 22 B 1707 38 A e B SR E AR A IR S 7% ('S : 421760560
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N 1 1,2% w, oy 1,2
E, BAamT, AE¥E

1. H SR S EARR A E R L=, (HAREH 266003;
2. ERBIE S TR, AR 5 266061

AR I 5t 8 L R S YA U v D 1) U3 A
WAL s RS L R R T B ML A
HIE X (e.g. Kerretal., 2000; Greene etal., 2010).
WEFLR W], WA AR AR () B L S 2 00 T P e 2 Y
ARt 1) PU RSP sl A (i #2 Ce.g., Taylor and
Hayes, 1980; Holloway, 1982; Yan et al., 2014;
Xuetal., 2017). pgiFIbgemt b LA P4 G 2 —
AR IE S, RSk RYE, SRk e S0 AAR
Mg 2% 7k (Lietal., 2007; Yeetal., 2020). %k
1M ST R b Sk o AR AR P2 IR v 4 B 2 TR
BN, TTRE AR B Z OO R HE B (2 A
iFPE (Niuetal., 2015; Xuetal.,, 2017).

T A ot 5 e v A2 ARAR A 3 B R Y
I L S 3 A 11 T B S o T L R v B %
= B 05 B A 20 A () b T AR R L A o A A
P B EEZE Y (Lietal., 2018; Lietal., 2019).
DAL PRI 0 F AR 2 I 5 T 22 1 A P st 8 it L
FIRFSE, JEH v REAFAE B P AR AR I i J5 L it
L T2 XA 3 VAR R T 55 FR 1Y

FRE ) M MO T 25 1 200 7 5 i 1 o b
BRI R R e 5 AR TORE, B AR S AR R B i
Py A PR L, Ay a4 “YEoTT R “ B,
2017 AF R 37 Uik “W IS ” B NGRS AR AT IX P s
U Ll B D SRR B 1 2 A A s T R
W4 40Ar/39Ar SEAERIAE E-MEMIR TE, 775
LRGSR (1) SFARZET T, Sl L 2 s
BT A/ Ar BEAERY N (154.1£1.8) Ma, 5%
IR AERY (154.243.1) Ma — 80 A3y 1L BF %k
Fh AT AP A FEER Y (93.245) Ma, SR
SEIFER AR (94.4+10.4) Ma FEAR—5L, (2) HiEk{k
27 THT, MR DR TG FR ik Y BRI o 1 iR
it 2l 5 B I X (OIB) HoAT — 3k,
mab L A S 5 EME T RE
(E-MORB) = £ AH L.

HEH: FHRXARPFEEHFERE (45i5: 42002087)

RTULESR, TATYID 5T IAR:

(1) FHFALZRAFAERE AR ACAP R IR R v L. e
AR IR R Z KB TR  AEFR R P
M X, BT ACHRART R AT, R B e D A O A et %
s i WL BN ) A R o Fe i AL SR AT AR P AR AR R VR i
FR, A3 AN TR 1D HRE SO SR AZ TR
BERY], Bl ARICGIE R A 2 — A “ BRI
R 20 ARBESOR RO ) B OIB A
E-MORB RUif 1Lty “ HATEE I e Jat 7 DXl vy
Hs 30 2 il X oUE IR . Sr-Nd [ 3R 8l Y
M A AR A5 )5 (W1 Ontong Java Plateau. Shatsky
Rise Plateau. Manihiki Plateau. Hikurangi Plateau.
Mid-Pacific Mountain 55) & &% —%(.

(2) rh A AR g G 3 3 AR B 2 Il 5 1) A L
il Niuetal. (2015) H4fE F FE A EOR R - 11 AL AE 14
I A AR, RECE AR 2R LS
AR HBARTRII il it € o B TE ARSI L %5 AR
T R i e S B G e, b o R Bt s A RO
Ko GREHT NI HBIR D) BRI AHIE TT (026 A7 2 R R A
SRR, RLCTIGAE T X AT, B R LT RE TR R
TR PERRCA L S R R AR B T TN
REART I ) EL V7 7 B G o Ji

S5 HT NI B AR S A, R B -
A L0 I U)o AL P A T BRI, ol RSPV AR R 7 1) 46
M AEBRTL H G . RV T RIS K
J o AEAFHEERE A, AP e S A G Y i L)
FUE AR FEIIR, BT LA e AT
W i ZE M H- BUR P 20 B IR LA SR b A4 2
ANE A7 08 2 v ] Rl e A BT s A 1) i v 7
Sk, DTN 20T P UGS It 2 D\ 32 328 4 B By it 2% 1)
GAPERENTHIEE SN

(3D B G vh A A AR I 8% 5 17 B 7
B o M AACE AR ) P AR B AR TR 22 B
R LN PRI LP S P o DN = S REE TS S A

RN VPR (1989-), RIFFFG, WEFUJ7 I : W2 40 % . E-mail: yuexul9891024@foxmail.com
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HERUENBEL EREAMXTEMFHFIERKE

BER, REM, FRX, TXF

HARTEETR S8 =R TURT W L S, AT 361005

%2445 & Mn. Fe. Co. Ni. Cu fil REY
M T ICEZMED) & EnE, HAERKEESHR
{8 (Burn and Burn, 1977; Heinetal., 2013). %
SE A S TRE T EEL VG 4 7 U0 7 1) 45 A% PR L ST R A T
(R HD) ¥, H Mn. Fe. Co. Ni fl Cu F&EA
T B I G5 A% RN R 45 4% 2 (A) S AEZIX I8 R A X T
FIRAERAIE MG HE o AR LR 25 TR X T %
I3 M, BRITT I HL VG G A 7 45 A% X (1) G 2R R AT
TIE R FC R PR i X

A MR A 2% 43 K 45 SRR W, ) BV o i 2
Sit% s B (Fe [F°F) & EN 19.2%, Mn [F°F8
SN 9.91%, “FI1 Mn/Fe WAEIL A 0.52). X 14k
% (XRD) b lion, 45k EE MR AT 1) 2
8-MnO,, EEFH DR (SRR ). 45k
BAHBFEN Ce IERT (8Ce My 1.67~2.17). Y it
S (Yew/Hosn<1) BLA I Nd & & (>100 pg/g)-.
A, 45KAE Fe-Mn- (Co+Ni+Cu) = 1 BIfif 4%
BB X I, R G5 A% AR K BOR R, BT R T
ARG

HL R EHIX 0 (EPMAD B, BFFTIX 45 4%
ML 5T Y §-MnO, 7KL & k)2 (FeO 1)
H 28.7%, MnO “F-#J 21.9%, Mn/Fe HLAE TN
0.93) ik, (HILHAFAERZ (<100 pm) A 28

AR (MnO ¥ 52.6%, FeO “F-¥J 3.41%, Mn/Fe
FEAE 2402 17.5), & 42 BAT A NiO (2.71%) Al
CuO (1.45%) . MR Co WAL, =i
ERRETE T R UK (LGMD LUK X (1)
B2 ] BE R ATAE T M 45 1% (Zhong et al., 2020)
RIS CC X Z5 %103 (Yietal., 2020,

AHEFOERIN, G5 RA% RS AR S TS P A7 AE 1k
R ) & AT KR AT LA S5 () T 5K
SRS A AL B S R e AL, JEnT e
AL 5T B VS AT RS TE Al o A% 358 & AT 1) MnO 7%
M 22.5%~64.7%, FeO 5 84 0.46%~7.05%, Mn/Fe
LEAE A 3.96~126. AL E 50 % Mn & & 12
T ARALAMY E IR A, fan s s AL T
FAHF Mn wERL (WAEA B8, Mk
M5, AR E T I Nio (1.26%) F1 CuO
(0.5%) F WD T, A, By wEs
MEZAR T B LR 4R 1224, Hor MnO M 43.8%1
] 56.1%, CoO XM M 0.55%FFfKF] 0.02%, NiO
M 2.04%% %) 0.88%, CuO M 0.62%F5 %] 0.43%. iX
TR TH s L FE R, Co. Ni Al Cu 5] 1R B4
SRR E W Prh . X0l BE T 4 A5
B30, Mo B4R T 890 (1) CoNi F1 Cu(Halbach
etal., 1981),

FEBTH « IR R AL 2 [ 5K A S0 ST RHE B (2 5= 2020045 48 BRI 45 = MR 0 BT S ACRLIT b 35 3l 2 T 5% < (4 5« ¥ = 2019007);

AR S EAMEAEA LI (455 : GASI-02-PAC-CJO05)

HEE T B (1997-), WLwFsdk, i %ol Email: chengyulong@tio.org.cn
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LR kR 5 TR, T ARER
2. UK WRERIFEERE, IR
3. AR TR O TR SR
4. Institute fur Geologie, Centrum fur Erdsystemforschung und Nachhaltigkeit, Universit at Hamburg,Hamburg, 20146, Germany

KT BRI =4 108 —
R 27 A ] o S50 5 L 42 R M R A B AR M 5 1
=, (BAERR I R IXAFAEE K A = A7 HHTH
AECBEIA A FF o RS A A A TH (AOM)RE JRUIRD W 5 it
AT LI BEVS SR DX A0 BT B LA LU IR 2
140 % RS PR A 9 A 1 A 400 R S R I T ol PR B PR
B MgCO; 15 ] URIEIX — B . (H2, H
P2 DN B R ER AT DTS B 0 T R BRAG U JEE EAR
PR o FEVIRINEE R, A0S B AR A,
&AL SR TR A Fh 25 FE BB A 4 o IX 2
SR AT BE 2 R WO BT W R B AL IR 5 B R
JANTF] MgCO; & (I IR £ WA . DAL, WF9E A
BRI B (K Tl 4 A R RE T LLE — D IRAIE VS SR X A =
A SRR AR

A5 A P AL S ARV 2R DX B AR TR 2 A
it LR T — P Ji)  FH RT3 SOR L R A A A
HARTE FELZ 400~700um. LIRS E, X Fh 45 F AR
Arrae e b T ARG E SRR (B D.
FLIN AR e 0 Jo 2 B AR X R R S ™ )

Xt B AL A SROTE (K0 P e B 0 ATTRT L 7 [ 1)
BRIR SR A, R 1. A RS, P
FlRR IR S A U (R A7 e BEARALL, UE ] o4 ol 3 PR 0™ )
ARG IR I TR ARIE (BT 2)5 2. FL7RA B e (¥ B 1R 6

WAL Mg/Ca LUARAR 1AL 7[R B IR £R 0™ W0 A
(K 3); 3. fL/CNIE A BRIR SR P)AH (—41%0~—33%0)
(17 8°C {H L ALY BBl B BR S5 A (—43~-38%0)
fy 8°C iy, WA TR 7 S 7S R IR B ™ M T
R 52 B T K AT RS (DIC) [52m, iE
BT LA JEL S TR R TR A 4 AR K 131 7 L sk
PR ERA AN BT BN FF T8 8 N4 IR A 355

T REREARIRE S p LS T R i R 1
P T — AR (B 4): AEYIS L RAL I, FLI
55 /K R e — N IR A o 02 — /N TF U
IRES, W /K TR T A I TR ) T FL 7 LA TR
P SR AR (R TR 250, A6 450 [F) 47 35 (B AR AR T 7L
oS R (P B R R 0 AH B A B R I R A 2R (B [
B HH T T AFDGE BE I 780 B8 NS AL 1R i K A 855
AT B EORAE , FL7CH IE TR IR Eh ™ W) AH LE AL
7S R R R ST ) AR R AT AR Mg/Ca LU {E AN
MgCO; 5. L7/ FIFIBIR & (i 178 i+ 3 i
SRR ST, B S B m, TEL Mg/Ca LL{E AN
MgCO; & f# &y, IXSCRE TR S AR B A ) 1
PERE A=A TE IR UL . AHIEFE A SR F A Bk R 5k
WA A e, SCRF T 38 IR ) A 35 4 )
TR S TN B AR SR A s, REa s
F T o

HEETH: AVREINEER ARFFESTH (45 41876038; 41606063); [FZ H AW A RIS (45 : 2018YFA0702605); | 44 ik
KW RBEN 4 (LT ERMNE) (45 : GDME-2018D001) &A%,
W EH T PR (1963-), #HFZ, WFFCJr I MR, E-mail: eessxm@mail.sysu.edu.cn



558 HE WY E A R s

5518 Jm s ARAE IR S R

- TRL16: BIFHIKLFESERMTIER -

Paleoproductivity variations in the subarctic northwestern
Pacific over the past 230 kyr and their implications

Zhengquan Yao'?, Yanguang Liu'?, Xuefa Shi'*, Xun Gong’, Sergey A. Gorbarenko®,
Aleksandr A. Bosin®, JingJing Gao'?, Yazhi Bai'?, Hui Zhang'”, Anqi Wang'

1. Key Laboratory of Marine Geology and Metallogeny, First Institute of Oceanography, MNR, Qingdao, China;
2. Laboratory for Marine Geology, Pilot National Laboratory for Marine Science and Technology, Qingdao, China;
3. Hubei Key Laboratory of Marine Geological Resources, China University of Geosciences, Wuhan, China;
4. V.1 Il'ichev Pacific Oceanological Institute, Far East Branch of Russian Academy of Science, Vladivostok, Russia;

Knowledge of changes in marine primary
productivity and export production in high-nutrient,
low-chlorophyll regions of the subarctic NW Pacific
Ocean is vital for understanding glacial-interglacial
pCO, variations induced by the biological pump
mechanism. We conducted a multi-proxy biological
productivity study of sedimentary core LV63-4-2, from
the subarctic NW Pacific Ocean, spanning the last ~230
kyr. The measurements included total organic carbon
(TOC), opal, biogenic barium and CaCO; content as
indicators of biological productivity; and the stable
carbon isotope composition of TOC and trace elemental
abundances to indicate sources of organic matter and
redox conditions. The results reveal cyclic changes in
paleoproductivity, with higher production
corresponding to periods of low Earth orbital obliquity
and high winter insolation. Opal accumulation in core
LV63-4-2 was higher during MIS 7, MIS 5d and MIS 4,

export

which differs from records from the Bering Sea,
Okhotsk Sea and the region to the south of the site
LV63-4-2, but it is consistent with records from the
Gulf of Alaska. We suggest that export production in
the region is controlled by the combined effects of
regional vertical convection associated with the
formation of North Pacific Intermediate Water (NPIW),
and the local iron supply sourced from the Gulf of
Alaska. High export production is promoted by the
coupling of weakened NPIW formation and an
increased iron supply caused by enhanced upwelling in
the Gulf of Alaska due to a strengthened Aleutian Low
during warmer winters. By contrast, stronger NPIW
formation dominated reduced export production during
MIS 6 and MIS 2, despite an increased iron supply. Our
results highlight the heterogeneity of export production
in the subarctic North Pacific and the significant role of
the local environment on productivity.
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AM-TEFEERE S EBEZMEKILFFHERH

FRMEE

= M 22 1,2 by 1,2 ~1,2 1,2 3
RgF -, ZHERE, HR -, AHH -, T4
1 SISO, IWARE B 266237;
2. T B SHAR E FOR S S I T RPN ST Ih AL = LR E S 266237;
3. TR fIE] 361005;

WG T LN -0 57 155 B B, FEA i P,
VOBV SEFE TR A, AR AR P 4R 7, S RREAR
P PRGN B RS — R I AR B = B¢ A,
JKIRAE 3500~1800 K2 ], HIJEHISHE A2 248, B T
BF 5 DX AR SR i~ IR B IRK s % LA A R,
2021), FRAVE I H FUCRE . R S T B
X ERILT KERE S e 2 & asitx, 24
JBE K BIERIR 2 b, R & R4 5.
KGR BR IR 2 R g A K2 R B LA,
HERBES:., FERm, 520580 KT
-30DB #BA R & o X2 —Fh 5w Al A e i G L AR 1
IR 2 S ELi%.

BAD 4 DU 2 SR AR T EE TR
BRALZAINR, TR 24 @45 Ca T8N 3.61%~
7.65%, “FYIMH 4.66%; TiO, 1 ALO; M5 &4 54
1.24%~1.57%H 2.91%~4.33%, “FIJME K 1.34% F1
3.80%; Co &4 0.23%-0.40%, “FH¥ME N 0.31%; Ni
4 0.32%-0.36%; V-3 K 0.34%; Cu 4 0.10%-0.11%,
SEYME N 0.11%; Mn/Fe 4 0.88~1.07, (4 0.95;
Y REE 4 1206.37X 10 °~1436.38 X 10°%, ¥ 1279.54
X107, MR EE F BRI X G5 A% R KRR o 32 e )
Ca i RO AR KRB &, AL TR S AR
(CCD) LA ko A5 170 3 TUA PR HE L i =R I
HARTS1) Ce 1EFHFHIE, X5 HAWMX KR Z 48 45
/57 Ce S FFIE AT, (R AR 245 B 45141
Ce F i AN T-ABIAGEF I I 2 S8 451 Ce S
ANH S, IR DX AT AR IR IR K A R R IR A A B
5g, AR JEKIGIERE, &b T 9558 A td ). &

TR IX 2 4 Jm gk S5 M X 1 2 88 451411 Co
R 53T T (R D, RIFFRIX 2484
¥ Co KM toosm &rititim, mil CCZ. MG FIE]
EZmai%, SERRRZ SRS R, H
WX 2 458 S5 A% o AT /KRB v B By e e (e v
B EEZAAIXKT 4700m), 5 TIER, Bon T—E W
PRIV o — VN BRIR SR DU ST 2 48 45 1% 11
K, FFRRFEZ SRS Z A AifE CCD LA R (Hein
&, 1999), A 45834 fE CCD LA L, S{/NEEJE
(OMZ) AR, JEAHAFEMRR IS AR X 2 4 i 45
BAEWEAR RS TR AR RS, 2 N EE
SEARME IRV W 8, TR Bl B et
— WA, AT AR MR 7R 2 48 S5 A% I TR B AT
PPN RIER.

z1 AM-BFEEZERERSEEHXE € RBEZ
Co LA N %iHEE (ppm) (Hein 2, 2013)

[X 45k Co 3 REY 3 HREY
ccz 2098 813 199
CCZ % 1738 701 172
CCZ H3# 2501 801 210
I 475 403 130
ENEEH: 1111 1039 205

PETERER 4113 1678 -

WF5E X ¥ (E 3061 1280 1124
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1. PEMFORAER F SRR, LAFS 266071;
2. [IBFR HVE T 5 T 9
3. BARBRIEIEE TS, ILARTE B 266061 ;
4, FHIHWEREREE SEARAR A E LR E, WU R SIS RS E L ATEF R 266061,
5. H IR ERE SEARRSEF LR E, DRIV SR B AR R E I RE R 266061

Wi 2 3 GO A 2 AR AH I o A BRI
it REAR v (R e A A, LR K ok 100 5 A4 38 D PR 55 1)
TEANIT AR AT B o 3% SE BRI v (1) B [F) 437 25 e E 7T
R A A RN AR R AE 2 [R) AR AL, JLRRAE 5 A H LA
FEIR 2K AEAE VI R R ARSI H & F)
FHUH 48 OKT-1 240 3G S8 U, AT AR IK
VISTEE IV & RN TBUEZ $53E 2Nk EITE VA YN E
1038 JE R MR 42 )8 (UL Cr Fl Mo) ZBALRE, 448
WA 25 & AR ML S L BB 4R 7R i e WF9 TR,
87 Mo 1 7 —1.31%0~0.11%o[A] 45 4k,, Mo TG & AL
0.29~2.56 ppm [H], M4E45H 17 ka LIRZ#EAC, 5
JLE Mn & AR LA &, OKT-1 50 IR AL

WA ET A, BAE P A Ik AR AR . %
BPPII T (17~7 ka), BRI SEGRYH A Bl
WOl E, NZIREKRIEERE, FEUBRY-KR
T JEE K Y PRl (R B 4R 4 1, 87 Mo W IE, 4AkiE
SR UK KR 8 (UL Cr Al Mo) FRE., U2k
BB (17~13 ka) &AM, Mo &,
IR R IR EE, AT R 2R SRR B IR SR8 R A
A, 115 Mo B4, miEFim (7-0 ka),
Bk IR AR N D 2 P BRAG, WARRAE TR, SR AL
BEL/KH S M S AR B B /N TG I TR 3
2 638 SR AE B 2 104H - 7 ka I IIAEUAL B TR (AR 4k
A G 5 i 4 A S 2 K A P R iR K

BETWH: HEBRBIEEETE (G5 41776077): M R 5 -G 7 T H <91 20 g 5 EE AL (5. GEOGEO04)
BB GIEWIEE) ®if: SEADE (19799, BFFLHR, W55 WU ERL 2%, E-mail: douyanguang@gmail.com
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B, ERE, KEF,

B i

1,2, %EmLz, EZ\E%%:I’ E&j@l

L P E R AR T SRRSO, LR B 266237
2. IR A L BRI A FE R, BT R SRR DB R IR 266237

WA AE A BR) B VR WIS 1) 22 4 i 45 A0 — B ¢
PR E RGN 7o PR E, AERTEE whr
B 5 - R b T 2 A ) 2 B S5 A% R 4K Min,
Ni. Co. Y 454 )@ M H arkh s pr s
PR W A4 ) B YR it 2 A1, 1 Cu. REE F1 Mo %5
S B A1y T (Hein et al., 2013, 2014,
2020; [ 4B YEAAE By, 20160, B E A ER
53 ORI, A AERIEEE B AT 20.5%. HEH A
b, EFREREEE (ISA) e 19 k248
SRR A FIX, BREDBEAE 2002 4EF B VEHE 7
HE £ 1 AR IXERAN, Ay 18 AEX BRI, T PV,
T L5 B[ SR (1) 0 R X AN AR DT

TEL A v B R 7 5 R X A I B R E LAt
N AR B (1) 298 Kb 22 4 J8 S5 A% Sl 07 1) 43 A1« 153 F
TR A7 PR 058 55 M R AL, P8I T 5 AL DR 71X o %) IX
S X gl P IR TR R  J 2K B A TR
I T3 A A P R 2 A
VU ML T M S0 R I RN K R 2 DR A RIS 5 o 5
B A BT INBLEAL (Seiter et al., 2005; Wei et al.,

2010; Dutkiewicz et al., 2015, 2017, 2020; Lee et al.,
2019), 7 H % DI 45 A% o A 8 B 1 s IR o 3
H T RR T R 45 X CGASND RS 3k Jin i n
WAL %X (MADND A 85 % 10— i o A 2 X
TR VEIF A A5 IX. (CROND . 1 WK ) T 3 20 25 348
gikz X (SAEN) 1 Eg K R MV i 725 78 51 45 4% X
(SAWN) N &M —FRAR A EEX . FLL Cu,
Co M1 Ni &5 1) EZAA M4y, 4L Mn 55 H 2
& B M oy AT EL K5y 13 H SAWN FIl GASN 24—
K 4 & 81X, SAEN. CRON il MADN %
TREAEHAS G EX . GEMNTEXEBNZ )R
GERG A3 AT B AN B B A& B RR S,
JE GASN by B[RV 4 45 7% 98 YR 3% 11X, MADN Al
SAWN b2 28 5 /71X, CRON Al SAEN AL %t
P X . RRAEEEFEM IR Xy, LI
GASN "y il i it — 2 1 AT TAE, RS
B e BA S R ) IR AR 2 4 IR A5 A R
DX, KO0 R0 50 5 W R ) VAL v, RE AN A s
TS IS5l 1) TR YR T o

HETH: EEESTIRRIEE (4i'5: 2017YFC0306603); = [ 5t 8 2 "R i i & R H (4% : DD20190578; DD20190581); Kt

CPET07 WIEMEE RS (45 DY135-S1-1-02)

BRI Bk (1981-), @ LRI, WFF0T7 e SO B JE I A 5 P4 . Email: huangw@mail.cgs.gov.cn.
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7N gk R R IR B AL FHFAE RS

YRFNT

W, K AR, KE,

QIMRRYFETREX

R,

1 ARRWEH TR,

FoxE, ®mN, B R

7R E & 2661005

2. ARG T B SR, (IR 2661005

3. R,

VUl 2 Y 3582 )0 TR R e A 450 PR IR W 20, S%of
DU IR RN R R wEE N O R 7 B, 5
7N FERR U T~ SR ARG 2 R P8, I 1B IS S ok
By V0 R 2 (], 2 B REVE 5 OSP AV E RK AL, i i
X7 H e 81 AR E DU BR A 25 1iE EAT T
T, HE N IR RIRAR TR IR B REAE , 0F AT B B v
5OV 2 8] B o A8 4 i 5 S P R B
RME R X DF 4 R R Sloz mﬁﬁnl“n AR
BRI E, PIMEN 68.07%; HKE ALO;, 1)
ﬁja 7.32%; K CaO F Fe,05, P31 843 5 A
6.12%F1 2.80%; Fii 0= & = FIIEA 115.39ug/g,

IHZRH & 266100

SREE fEMFST X [ AL A A< BT 5 X3 B i i, 10 AE
VG R AN g SREE & UK. B FEM L oKLl
HAE 4.93~26.59 Z 8], ~FIMEA 9.02, 7574 0
X, e RIECHREX . BB FRAE B bR HEAL 16
SEu fHTE 0.28~1.65 Z[], ~FIfEH A 0.58, EFidcts
WAL R Lo &0 7 (La/Sm) FIEM Hc &0 5
(GA/YD) 43514 1.12 F1 0.94. AR T3 2K 5 ]
(PN A =T (S P T oINS I R A DN AT
T SR I e R O AR A 0 s R BE K o AR 2 2P b
I AL P T U 24 0 11 St oty 2 A0 5o g Ul FF) S0 AR
Y BT — & M oT ke -
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iR XA

BERENRE (DOM) Byt R

a1 A 1,2% 3 e — Yo 1 e 1
WER, ZEC, FT°, vz 1, 7R, REE
1 R RS R, B 2013065
2. SR SRR [ S S S R SO P S IR T e SE i, IR S 2662215
3. WL KRR A% 24, WA 310007

R AR T HUER b K AR IR rh R ) X I
B R DL R A7 AE B AT LSS Al
Y3 AT HUB R A i 5, DAL X A Ay s A L
YOI A R A D, D TR AN BRI AR i A
By ORI BRI S A S RE B T ORI
R LT R A 0 5] 4)-DOML R J5 e 478 1 A 3%
AT TURNFINT o FEABETTH A TIE T 1 B 4438
T8 BB EVE RUHT AN 5 A0 1R SIS KW A A1 HLA

(DOC) W YR HUBR S A A B FE SR
(7] IRt FEL S A A ) A 8 1 i BRI £
TSI TRRILIEK DOM. 195840 1] WLk Bol ol

&5 =TI o 45 R 0o B S (K8 AN 51 e
LUK DOC IRFEWIE i T S AN NMIRA DR, 2R
ANTR] TR PR AL B K R CAR 4 30 i BRI T AR A
DOC W& 5 Jg i s A S A TR A DR 5 5 A S
U (R IEAORYE, s E R MR B R I = i sh AN
A BB S IL AR X DOC IR JEA HESL . 7
BNS L HELAT 2Pl 0 1] Wi AR AT F b i 07 7Y
JCTEHE A, HEET HAd AL, SRR I
A A WL IR E, RN 855 ek S 80k e
71 AR RS OUR ) H B m ( E s sl o e AR TR
KL LR 7T DOM.

HEHH: BRARBEES (45 : 2018YFC0310600; 41703077); EilgFH B R (45: 21QA1403700)
WEF WA WIES (1993-), WLBIFA, W7 WHENER IR GRPIFIA SR IR G AR 5T, E-mail: d190200044@st.shou.edu.cn
SEEVEE T D (1987-), EIZH%, WHHTJim: B ET hERL 24038, E-mail: mluo@shou.edu.cn
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BESEMRREKEYX AR ITEE
— 38 A XiE A )
HFom', gEm, B, KEEY

1 RIS Rk, LI 2013065
2. FEEWHE VAT, DEEETEM

HEFEDUR ) T RARSOK G W) 1 32 45 1 F bE 1Y)
P2, B FGE IR R U A4 28 ek L R AR e 41 FH o H e
BB R KAEWR € (gas hydrate stability zone,
GHSZ), LA IR Aft Y e o 82 53 T P 6 1) s =
TS 0 AR K B ) I8k o LAATE 56 11 S R SR K
W GER RIE 5T K 22 BB i il TR b B — e
X 23 R R AR KA A G B VR AN S 1k
KL, O sE S E SFOZ R eIl &, ASORE U2
55 VR R e B T AR RS R, i A RS R ol 1 v
FHERTY . AR ] TA0 3 v ifg & X3, 7R

X I FR el T A A R AIE o VAR SRR W AR e
JE T2 P 25 702 43 A P o mT LB s 2 R0
F B KD o R HLA ODP995 Sl for i 85 /< )2 4 T84
SEIRAS,  WUAZ 3k 07 1R F el 5k 0.023 1mol/m?/a.
FBULE R ODP994 i {7 F b AK A5 107 H IX I ik 1
IR RS Y S e i RS U R el 1 A /N it
Ho 454 i NS T ODP997 w7 vay F ol e ik 45 1) 45
T, 15 B0 3 O 5 DX R e I e I\ SRR 2 1
ODP994 uhifr, A FERHLE) ODP99S ¥hAr, FEFFiH
ODP997 35t {37 7% T Ay 328 7 184 K IR

RETH: BRI AR (%i5: 2018YFC030001): HIZK AMRFF#RE (4i%5: 41776050): PEMFBIMAIIH (45: DD20190230)
BAEF WA TR (1992-), LR, W7 RRUKEG Y BGEBEBAUT5C. E-mail: zhengzihan@gig.ac.cn

SEEEE TN BIE W (1983-), MBI, W57 R RAKSUKED BB EBA 5T, E-mail: yccao@shou.cdu.cn;

PR A (1962-), WIFTH, WFoiiim: KRSKE YRGB EE BT T RGP 5 R AL 22 6 P8 . E-mail:  dfchen@shou.edu.cn
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R F I FLER K IR (L EFER BB TR E X

124 =5 pm 2 2,3%
WEE, BT,

B A, bé*“,éﬂ%“,

31k 25 k=2
RG> FH°, 4
1. E M FRERE JER 1000375
2. PEMHUFOA A TSRS, IR T 2660715

3. TR R

LEARE RS, Gt ey
4. PEHFURE CEXD

KB RES 2, 1UAR H 5 266061;
Jb3¢ 100083

5. T BRI SEORE RS, WD P RE T SR BRI RS %, IR 58 266061

2R T I B 4 5 P e 4 e R 2 D AT K i
G IRBRVE DN -F A I PR R P A Gl 4o A i Akt
ESVGRTEI JEIX, 26 iR ] DARBURK ) S e i 28 5
RG22 ARSI o AR MRl - Sl S I
TR IR R 53 )5 5 PR e DR AR AU A e R ) DX 3 kil
DU i ok HRBE IR AR P T =E R A AU, -
T [t I FH A ) R TV SR B R H B U 1)
M SR o PU BRI 2 R B IEWE A AR R Ak
) ISR PRI T R Ut (R T o AT 58 X 2R i A
W-phapitiit GSW1 SLytB LI K 87C. 80, §''B.
87Cl [FIFT 2 A0 CI'. S04+ K' Na 55 4545107047,
TR T ORI SIS AR Mok ST A LA

SR H : HX HRBHERER I (95 : 417760775 [ 5 5 E Bra AE DU “ IR G S b i ie 5

Bk . WIFTREL, GSWI FLALE/K 8°C T3k H
FKRGHLT DIC, SO, W ERAARLE T ML T2,
CUMRFEEAR TR, ZALERZ VIR BRR S ke 3=
A YRR Sh A A/ COSR) Frshil, Heiiae
FALIET (AOMD BAEAE 4 m DL R SR IK)Z7. OSR
PRI HLS ) B3R SR I AL, 23 80110~360 cm
SO Fr AW B FFMFEZR . FLBUK SO MK
PR VR LI N, R GSWI FLUTRAEE AR
s WAL BEZ AR ik Jf A 85, 8By 877C1 3
) AR AN SRR — 7 THI 3% B L R B B DL B
R, ] B85 FLBR I A B S TR/ S LKA
HAEHA K.

Wi R AL ” (45 : GASI GEOGEO04)

B—EER A IR (1998-), WLWFF A, W5 W ES. E-mail: schenghui@163.com

A EH T

FT (1979-), WRFTH, F BT TR IR 22T Y. Email: douyanguang@gmail.com
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FREMPTRENALFESSR: HA vs BiE

W1 1 2 3 o 2
Fwy, RTA, WILERS, T, BHEIF
1. MARHE KRS W 58 XRE TR, ) ARSI 518055;

2. TEEFEERE WL, ILARTE R 2660715
3. REEBRABE MHBERAATESOIT, TR 510640

I 80411k (serpentinization) = ZEFRHEIEME A (Ll
BWE TR D 525D 1 — PRI A i 2 Ce.g.,
<500°C), AR R RIS A AR AT 5 K s N T i
gof (2) JKEEAF (&) . de8Chfh) 25
A TR B2 MO AT, AFERVER . T A b
7, AEHAB S HAT B R A i 80 H B (Charlou et
al., 1998; Hyndman and Peacock, 2003; Mével, 2003;
Evans et al., 2013). W HAGEIX A, &, U
FFAEKB S, B oL 400 Z MO, X
SO LA VA TR T R RTIN B, 7E TGN IR 4
PE I A A FAR DX R SRS S A e S A e AR I AR
PACH R N = A bk 15 LIS (Kelley et al.,
2001 ; Charlou et al., 1998, 2002; Schrenk et al., 2013),
IR FRIR DX il R AL R PR BRI M 3K T8 e 12 48L,
PRI AE 7 e S0 A e R v R e e 1R T BT )1
7 A A R R ) AR

H A T K 1 S 30 i 9 s S0 A A i 7 &
B R 85 R Bon & B I WIER VW)
pH 5 WV # 55 [K 5 5% ) (Berndt et al., 1996;
Marcaillou et al., 2011; Huang et al., 2015, 2016,
2019, 2021; McCollom etal., 2016, 2020). 4
H50~300°C I, e arA A B v ] ) SR A i
FE T m ot &, ~300°C I AT B dw s B LA
(T, I R F 350°C B &K FE B IR ( Berndt
etal., 1996; Allen and Seyfried, 2003; McCollom and
Bach, 2009). Lt 300°C. 500 bar 454 B A1
LA IE % 158 mmol/kg H, (Berndt et al., 1996),

400°C < 500 bar 1N BB A7 e S04 AL 7 -2
mmol/kg H, (Allen and Seyfried, 2003), Lt 300°C.
500 bar 5T N IERURE UL T 2 MR K. VIRE
W) pH Zmidw S0 A B b OB G B
(pH=13.5) FIRRMEA M (pH=2.50) &5 T ieslfith
AR AR, IR (2 M HCD R IR
[REE S 7= & (Huang et al., 2019). i JE AR UG %
W pH s ke SUCa = R AR, o — AN R &
U E R UV W) pHL 5% i) e S0A A6 T8 % (MceCollom
and Bach, 2009; Huang etal., 2019). Lt#i, 300 °C.
3.0 kbar £ NAVEA W (pH=13.5) FIPRPEH
(pH=2.50) #& 15 1 M e i 20 AR, s R
(2 M HCD K S BEAR T BIONE S e S0 A0 e %
(Huang et al., 2019).

SCERIETUR W, MO A e sCa A A I AU T
M e sCa =B A A (Huang et al., 2015).
Vo T D 2H BRI AT . R RN AR A o 1E— 2211
MR, WA IS A4 e T R A R e SO s
(Huang etal., 2017), [A]I4d41 8900 1 Mo A i &0qy
T R EC A I AR T R A e SO AT ) &
X, (Huang et al., 2021), IXFBRE R A fAT7E AR
IR T RS RAS , BRI AR = T RN TR e S A
RMEA 7 (Huangetal., 2017, 2021). 52 %ft,
WA AR R T R — B 5) Si0,, WK Si0, 1
s BEACHINE A e 8Ca A AR AR (Huang et al.,
20210, HETARIFFIAA AT AP R AR X S
DAL, i BAT BT RS e S0 Ak SN
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KAFERE 26°S i [X Cu-Fe FR{LHIHY

IR FHHE R H

, Astrid Holzheidz, Basem A. Zoheirz,
L RERE TS HUERRLE b,

wE?, TEE

g TREN

Il_l\

B

VO ER#R 6100595

2. Institute of Geosciences, Kiel University, Germany 24118;

3. RHSELTOR S ORI S T R TR X T R S =

V) R 6100595

4. FUARBRURERCE AT ST U S PR T SO R SR, IIRH & 266061

P K PHVE A 26°S X (SMAR 26°S, ¥ 35%
PR XD 7T Rio Grande # # i /2 1 Moore W27
Z AN 2N A B, A B P R 2428 mT DL — W A 1 B
L, THEKIRZ A 2600 me HUEIX N R B KR
SR IR WEOEWRE. MOR 2R AR
By FN D RV B PR A BTN TR I, AR IR
Cu-Fe itk a Ml & Jo LBk Ak 245 1F n] #657R
PR (AL R, T 11 Ay ) T AR 0 Al 280 5% 1)
IR,

CLAES sh PR AR R A 0 5, i A2 SR R
B, FEFER) Cu-Fe-S W40 s Amn FAEHH O, 55
B T (CuFeySs) LAMRN ( I SRS (R EE i) Fe
TS X, 2 RARRIC AR LR (1 s
W2 10], SR T R R AMEE 5 R BB R A
PR R B omuﬁﬁﬁﬁﬁ%¥?ﬁmﬁ“ﬁ
fE Cu-Fe-S &, Ht— DR LRIt ()
Wy S B (Cu/Fe0.5) BAMARNE 3 2 R
RS Fes Zn 21 Cu AT (Phase X) FiI'H Cu

A O (Cu/Fe>0.5). Phase X FHEESN W U K4 1%
) [ 5 A R 2 B 5 JR R B ™ B %5 34, T Cu
Sl U U 22 1 AR IR BRI 0 Y o

AL SRR, Sl O Ui 5, E A
PEAE A RS AR AR HE o 4 i 1 T i
S SR T AR DTTE B il BT B 328 3 T RSB A
W, AR Cu TR A . A A P 7K R VRN R
ARG T AS A2 5 2 3 B0UE B AH Bl 30 AH AR
SMAR 26°S #E[X N Cu-Fe-S W ¥ R4y w5 )% 7
Me/S=1 Bir, 207 75 O —5 Cu SR E
" —Phase X— AN (AL RE, SICT BEAG —
A — B A P AR R

R 34 FH 2 T FR) 45 1 2 R R ER 1L 22 R AE, 400
Phase X A& Cu ZEHlt 8 f& —Fh N i OB A4
(~300°C)H BRI YL vE W AR e MR AL, T
SMAR 26 °S #GKHIX 28 7 T 2 Bim#A. »HIME 1k,
% 71 L0 P4 3 20 R A L BG4 ) R 82 (1)
LERS R

RETH: PERET - RIET I RIMSTE (4% : DY135-S2-2-05; DY125-12-R-01)

HAEFE TN

Yo (1990-), WEHITA, DI : K2 B K. E-mail: fanl.vra@foxmail.com

SBEEAT A TEZ (1964, #d%, FENFK-EAEAFRAHER 22T 5T, E-mail: wangguozhi66@163.com
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i1 [0 G Hl ik

fixSR— MR -1

1T R -Bil 2 Bl i S 2R A

4,4, Timothy I. Eglinton®

1 PR RS W e S TR BT

BRE I =, IR 266000;

2. Geological Institute, ETH Zurich, Zurich, 8092,

A HUIK ) A% S 55 DR AT % W VF D008 20 5C B 1) 41
B8, S OG- ] 1) A i e RIS AR AR AL
BUH o FEiEE b, 2 B A LA 25T ) 1) 28
FHLFIENLE . AP (Biological Pump, BP),
RSPt b e R S IR TR 1NN X AR L
LK) AL s I H B i 1 AT BA Vo 0
IR, DU ot g v A LS s B FR A Y
FH IR B A o AR AR IR S LR AR 200 J5 Sl
S5 1 s B 0 A e o A TR . SR, T

B DL AN ) BER R, BRTE 0] A, 361 1)
A% o RORL A AL ik w] U] 1 BT, IR A A
Wil 28 30 L RN . BORT R OR R, XA
BURK (88 10 32 B 5% Wi A5 ¥ 1 AN () 31 28 3 op (A
BLO R, DA KOS I 1 9 3o A8 ) Ml R AL 2 A 34 1
Tt o M 1) A% 4 A HLER 1K) % 52 (Lateral Carbon Pump,
LCP), W REAEA H F e A8 P4 20 2L b A8,
IR B UV AT BL B BR AL 27 38 bR A5 T VR 2 PR
SNV g e S -
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KAFHE 26°S AR ZREFRTRHC A&
K H B FEIR4FE

TR, TEE, REK, tE

1 G EE TR HhERRRA22BE, PSR 6100595

2. JRARBLTORE: YU AR

V)1 R #R 6100595

3.0 RHSELTOR S W OB ST R TR R se g s, DU AR 610059;

4. Institute of Geosciences, Kiel University, Germany 24118.

FORVUEE TR 26°S M IX FER T T s
HR L kb, HORER A DL s R FE R, /D T
DU 5 o 2 ARG BE S LA 0 B I BR A AR
g, AR AR T, N0 PRI A
FHRIFH A TIRE S KBNS B KRR,

WEFCIX 2 A 2 b B & s a0 %
G B R RH L T R R R AR BT R IH A
RHCA B ) 1 Sk, B R A A
FE T R AR A ) 2 B LRy Koo 3, R
(A R PRI R K B A T AT o AR A BRE 4 11
D — B i 1) S — 3 R IO K f . CaO Al
ALO; & EZBWIKML, Si0,. ALO;. Na,O. FeO Al
MgO # & ETF, X 0T R85 J5Uh A K2 AR S [RE
FRIREAE A K.

KA B P 114D 9% B, 2 R DL B B T L AR
T, HANWWRANAERSH, OERERE T
5-20um 2 [i). {EIXECAL AN e B2 A
TR SERTOET . SR BSER RAER .
PR IR AT WA RS BRE o 76 2 o B ol A1 DL 3
B pu b, A BT P S B R A T s

HEE&WH: HEKEV = REFAITRDSTE (45: DY135-52-2-05)

Lo FTAT IR LSRAE R W, A SR R o fig
BT MR, AR R AR R B R,
JEA S B IL R AR T A IR R
111755 45 AR 70 18 o JEL R0 Jo5 A B ZE A (R 28— 0 R A
L, 46K 2 B R A TCIEIE B —, 2R EEA
e R R A GRIE AR K, (R IR 2 SR B 55—
ASHI/N I, eGSR AR AR I W] REl 3R 10 At
FEARIULAR, AR — BEAFAE, 1255 KBS
WIATAE AT AR I AT 2 1 o P9 IX &l e o
AUIRIE R, RIS RS IR, A
LSRR 73 8, W BEAEA R R T RUE s
I 2 S

B WX KA AR AL R T T RE e T
BN SR AR T, 2B T WS AR S 48 AR AR
(AR 25 @)@ U R SRSy, IR
RATH, R & OMA D A, i sy
AR KA RN AR LA . XS X HOIRBAL )
SO Vel A (R T 437 3% A [ 67 38 RN AR i T 3R M R A 2 1Y)
WFFTRAESE, fEBCRBACIE L R, AR 51
YR AT REE I T 10 R A

HEE R WP (19949, HEWFA, R m: W%, HA%. UK. E-mail: 1205090108@qq.com
*AFEFT N EEZ (19642, #3%, FZNFIRK-EER IR IR T, E-mail: 87409459@ qq.com
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A EHELTOAES EEAT IH

Wos Dk 1,2 1,2
wEENT, EwKD, FAD?,

El_lg

7):1,2

FEANAN

c AR, FER

1 BARBEER 5T AR Wi e S S, IR 8 266061 ;
2. 77 SRR SR SR PO R A I RS R &, AR T 266037

Wil T (SREY) ZT PR R I —Fh s g
ST G E R LA R, L R R s
MR A i, B BRI U5 ) R A Y FHANE
A AR 2 5 76 B Br B2 AN I IR
EWFRIE S, 2011 4 LLRSE 5 70 B SRR 4
IR B T R0 P O SP P R 2 R B T K T AR
TP, FEARERRVE PSR4t 4 AR T
e PEACTER By« A - AR AT R Bl
IR B RT3 B ™ R v B S U - TR 2
AN o R HER T AE = R A R4S, BT
R I 32 B A AR TR RED B, FRA T4 00 7 K 1Y
AR E R 7

WHFDIR P 0FG e RS B B2 A
-], SREY EAS [FZEB iR h 2 A AR A,
RN AE AR -y R BETORS - R/
JFRJe AR kD o ek R, TR R E BIUTR
WA B ARG R ek L, T A T

K HZKGHE 4000 m (RuRifE ARt R, Je 1 H 2R R
s B K B AR R ML K St b, AR
S WEFURBL, GRRRIURYIRG -0 32 A IR ZSA M
Tifte WRAFAER ) N A 2B R AR WA T VB B o
TR - R 1 0 3 5 R TR A S KA
FLBRACRE M+ 03 T2 BRI Ca BB Moo
RAERIRI ORI R AL A EDR 0, I A w4 T
TEMIRENA T o B, BAETRZ AT AR SR T e
73, BRI IO TE LRI R o5 . KRR
(CCD iz} )~ ARTURHE AR5 IR B S VR -
B ) B R . L, RREEA R Dt )
(RS B It T RVE R AR AL AT, A 11
PNIEAERAE S VNP S0

A Je i EEAR BN R L At R AR5, 05
TRUE R L R AR BRI A, I e Bl A ety 1
XFEERIEST, AR 7 R - e HLR AR, it
M L GRURIT KPR

DL . ERARRHAEEIH (45 91858209); FHBRife X BB IEIT AHIFEIMH (%45 : DY135-R2-1-01)
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PRHA4T (L7 R L A ST AL 2 TR B4R 5

v oser 1F B 1 2
XA, IEE, KK
1. RERY: HERRGRIEHGE, K 300072;
2. JTVERE: WEEESRE, )V T 530004

S B AEE 110 A 2 R 28 5% ) e A4 5 B ) e P 4
A BT T B SCAT I PR AT 1 B 5 4 o 0 LA R 6 3k
] P VA A P PR 4 B A TR L DX 1 I B8 5 A R R T
W IR, oA AR S R TR ST Ol ik
e R 7 R 32 ™ T R ) o SR 10 R 1) B B
SR Ay [T AR % R R Ak 25 DI AH 56 5 (ELAf D7) Ji (R 3
AN B o JU I R e R 05 B 5 AN A L AN TR K A
b, T A 7 20 A 2 (1 2 DT R 20 5 B TR S AL T
P TTE, A AT TU SRR R HME o FRATT oA DU
SE T TGV S A0 A SR G B [ A SRS b, S T
TV AT 5 ALk pH, DIC ARl 5%, W
FE T IR RTAE K pH AR A0 X6 IUEE51 45 A L 1A Ak 2 2 5
(RS TR o 2555 5 A, A AR RT3 VR TRk T T 6 b Bk

AR RA [ e i ST 3 5 A R Al 5%, AT A ILITAR
KR JEE PR BT T2 T P Y IR AT A T B
R, PR R AL 5 M A R A o

P Tk TR A TR AR A% BT R A 3% R 5 A
BRAG 7 FR bR A R R AT I o S B AR R T EE
PEASTERAN, Tz AR 2 5T
SE S IR At SR Ry 23 A A A P 5
T AR A S 00 T AR o FRATT ARG A U A T A 1 T 9 11
R WAL TT e 400 1K) {F A 4 R A7 3% 3 38 b Bk Ak =7 Fig
FRECEEE M A BTSN, RS £ X A A it A
WA S MUK TR ML 2% O B IS 44
R, B I 6 1 B-B/Ca, KA FHIE
AR T AT o

DL . ERARRHAEEIH (45 91858209); FHBRife X BB IEIT AHIFEIMH (%45 : DY135-R2-1-01)
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Fingerprinting characterization of sedimentary PAHs and
black carbon in the East China Sea using carbon and
hydrogen isotopes

Rui Zhang'*, Tiegang Li*"

1. School of Marine Technology and Geomatics, Jiangsu Ocean University, Lianyungang, 222005, Jiangsu Province, China;

2. First Institute of Oceanography, Ministry of Natural Resources, Qingdao, 266061, Shandong Province, China

In this study, we present the application of a
dual-isotope approach for the source apportionment of
polycyclic aromatic hydrocarbons (PAHs) and black
carbon (BC) in the East China Sea (ECS). The 5"C
and &°H isotope signatures of the PAHs were
determined from surface sediments collected from the
ECS. The dual-isotope PAHs data was used to the
environmental source identifications in the ECS. The
results indicate that the coal combustion source is
predominant (with average of 41%) in the ECS. Liquid
fossil fuels combustion, biomass combustion, and
petrogenic sources account for 23%, 20%, and 12% of
the total PAH burden, respectively. Additionally, we
also determine the stable and radio carbon isotopes
(8"3C and A'C) of total BC in sediment samples of the
ECS. The results demonstrate the quantitative source

apportionments for different sources, reflecting the
contributions of fossil fuels (coal combustion and
petroleum-related emissions), biomass (C3 and C4
plants) combustion, and rock-weathering sources. The
fossil combustion in BC accounts for 67%, with 23%
for biomass sources, meanwhile the rock weathering
source in BC is an average of 10%. These results show
a remarkable similarity and extensive homologies at
source apportionment of PAHs and BC in the ECS,
even though some differences in source mechanisms
and processes. These findings on the environmental
source apportionment will provide a reference for
improved emission inventories, and will help to
provide guidance for the efforts to mitigate
environmental pollution in the coastal areas and
marginal sea.

HEWH: FRARRAIEET RIS T . ERARFAHEEZ NSFC- IR GRS ABH (95 91958108; U1906211,)
BRI oRkIm (1982-), EIHZ, WF . 2N F i ER 050, E-mail: rzhang_838@163.com
*AFEH TN KA (1982-), RIFEZ, BIFU7 I EZNFHEEE R TS, E-mail: rzhang 838@163.com;

BN (1965-), WFFEH, W9 5 m: ¥, E-mail: tgli@fio.org.cn
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DURR W2 7Y V] s e 7 3 T L AR 11 4 A AR AiE AN
ARACFIRE, e b P R A A, A E B
R SCHSEFNME . 1E5E TR IT 30 SRR 2 AN
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DU I 45 G W R B PR 6 T 1:100 J5 B ilDT
BRI o fEgn B R, WO T 5587 K R WU
T OB AR RSO, AT T ORI RL R s AR
B0 (AR AL AR 2, A5 L s W (¥ 3O R A 43 A o iE AN
AR A IR . EA

AR G 1 P R U TR A S 2 PR TR [ 24 0°N
-26°N, 99°E-122°E, HL/) 8 lF. A4 Kl i o
T UARTAR D00 K 1 o v S RN 28 [ VS b X 1 YR
5 23 R (1970, IRIFUTRR DD FURK R 4 2895 (1985,
RGBT A1 45 B 10 07 V240 6 ma i LR )
A, B B0 Ut b S BT AR P Bl ) 8 R AE AN
EWEAE o FE T ARG I TAE I BCRFI B RL, PEAN
R T B RV 3 ARAE,  FFEEUTRR R
W2 HUERAL 25 RN X S K SC2AHRAE, IR T BT
RO o A A RYE S R AE A AL 32 AN
Wrr:

(D MNPURRERES B, B UURRY) 3255 g KBk
BRBHF AR, Kt - B 3 PR, R A My
ki 28 2 SR R YR S DR, K b - B 4 2 B A
TR DURRFN D B () A U S OB, Y 7 =
TRUERG b R ORG-S e SORAS FORG TR

(2) MTIRYEILE Fpp, b, b
JRED . BP ORI . WP RVE . R b, Y. S RED. A5 R
IR S SRR R L S R AR T AR R
W B SRR RS AR . SRR
RO TR o SRR b R TORS RS R ORG-S
R 2 A DT R AL

(3) YRR 43 A BB i 43 210 P RO ) 4357 M o HH
Wil ) v, APl SR AM R IX - il 3 X - R, TR
W3 A XA 52 B E B SR oS ORR - ik TR 2 4 s YRR
TR £ & fE U TR B A, DRk
KRB, BhEJE 5 & b SRR BEAE AKRIER, M
HEUURRY) Ay A1 4y B 5 5 IR A AR 1) 2 ) AR
e, RE I 1 R - R T A WA o B KR VR 2
TR DI I N85 e ) 2 b, 1 AR
B, VORI

(4) FHFIARTTRUE 2 B AT B B () 2 etk o 76—
AMX PR R e, AliA 10em/yr BLE, FEEEYE R
PR X I i e 7 3% 2 1) b i 33 DX 0 B 0ol 6 AR HE
0.2 cm/yr PA_bo W05 IX AR AT X IIARTTRUR D,
FEE PR

(5) FHEHIR NI L) =47 2 — LA B DT
RSN, HARPEHIE BIREAE . Bl L 2 R 2 th
R OK TS BRI S B, PR SR AR
SEYEFI R RBE R S TR M I UUAR W i b R B 2L
EH .

TUH WS ARREBRREUSGEAAHEAEMNBE (%5 : GASI-GEOGE-03); MFILEZ- I RKEWFERZETLBEHME (%5
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O =184 SR E MRtk FAFE S K SHYIRRE
REE, EW

PR AR USSR B 266237
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MR RROAR B2 R I, BA i A AR (<3°).
PURUE B K (7000 m LA B BB R
(0.2~>1 mm/a). Wi, ILREEK CFY
42 mm/a) . YRS 7 R SERFAE OB 5855, 2019, Pang
et al. 20200, H LML 90 4EARLLK, [H N AN EHIT
BUR S G 70 1 T 22 AT J T IR IE . 01 K G
W) B FCERBERON Ky IR 22 AN U (1 e it 1
RILT RARNFOKEDH EER AR & BSR L2 R
Al REAFAE I B A (B2 etal. 2016, 2018a). ¥
Bt 2007 4 A AR K 2 FIAS SEME K 2% T HEI
M74/3 itk W, 76 2 NSRRI TR R AR T K
GRS, ORI RR S K G E LT

Sh T H B T T 22 A AT ek K AR <K
AR HERAPE, A ORI I AE 5 3 24 3 A g 3 2
AN 5B R AR DR AL S HEAT T B p i e
RO MAREE R TR 2 DU iR R e &
A FEFH—E. INAE Si0,« MnO # CaO & b7
WS, 5 EMiFEMLE, SiO,. MnO. P,Os 1 Na,O

HE W T/ T 0.85, HXTTH; TiO,. ALO;.
TFe,0;.K,0 W5 2L 14T 0.85~1.15 Z [ 1] CaO
1 MgO &£ RN T KT 1.50, MHXTESE. 2 Aubhn
IR ICEMZEAKR, 5 EHFestt, jo# Sr. Cr.
Ni. Zn. Cu. Co. Y #HX} &4, JLFE Ba. Ga. Zr
X8, S2 A S3 PANUEAIAHEL, S2 A IF) JC %
Sr Wik, JCE V .

WEFCIA A 5 B o 22 38 A2 BRI 1 7 5 LUKV
A, B2 AR, LARTUH XA B ) e
SRR IR R, EEAA R NS, BR T REYEE
JE L2 A, PURR AR v] ek PRSI 5 v 22 DL
W 22 DA KR o S () BR L KOs . WFFEIX V/Crs
Ni/Co LS V/ (V+ND EFabrak B, 2 ANuhifr iyt
TR b T S-S AR BE , (ED0) LU 2 #T B I B AR
PSR S W) R IR Ny, T o 2 3 A g S R A
3m BRI PO AT AL T A I8 S R o TR A g o
DURIBRR A, AR T AYURMRAA R E . 4ie
BFFE DX PR ¥l i 2% A1 R Wy R A S R IE S5 BFSEIX K
G A S AR .

BT H B v 221 AU A R DX T B I R R K A G I PE R (5 42076069)
B EE R SKEA (1981-), LR, WFFU5m: g2l 2 F 5. E-mail: zhyx0829@163.com
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PR AB R W AT S B DY A AL
o ORI v 5 PR 2 MR 2 T Y 81 v v 26 P
B, 3OS e [ YR T R X SRR A L AR R
GER A T N R . SRR A L RS
Wi, W EAEETREIEL b, R AR A AKIE HEN R 4 it
o SR — AN 3 SN B IRANAR H A . 7RI
SV, BEA M IR AR AR, RIS ).
AR AR AL 448 X I PR 3 Bt 2 R Bl = R A 7E T
BE AR o FRATTRH A T ) el DR ) i A i 4
IV A DI 2 A S HEET T 25 eI,

R4 EEEHRBEAES (5. 41876065; 41476056)

AE i Y- I 39T, SR B0 AR xS R R K 3L
IR 28 A RGO R A A7 BB M . AR VK IMIG
WP TN SYY, SRR LS, ACP R R AR
T B R S o R IR SR A T XU — S FE AL
W, BRI AR Bt s O . AEAR Y
T IS 393 AR i 5 R AR (A e 2 B, AR i 2 R
T RS (WIS A IR SRR TORR IR 32 KT
AN 5 (R0 N o T T2 5 W R 5 DY 2 B KT
. AT e 2 T R R AR U e D OAR O R A T BAE
A EE R

BEETA: ABEEAE (1979-), ISR, WF5U 5 SRS, E-mail: zoujianjun@fio.org.cn
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FMEEEE R MBI IR EHmSERENX
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L EH TS TSR TS, LR 266071,
2. H SRR SRR E R I IR R SRR SRR s, L ARE R 2660715
3. PEAHRY B, IHRE S 266580

P SR T A T4 1 M 6 RIS ) e SR I B,
B DL AR T2 o 5, il b b R i i A &,
HAE AT B Wi oy 5, 5 T B Bl Al B ke
WESR o XE4 1k 60 £E [yl i A 5 B PR A A P S IAF
FHARAT A AL IO r 5O )R 7 i
M SURE S8BT A8 [ 2 v i A TR S T 3R
17 R TR 5 i ot JOE 1A R B 1 R A o -t A 5
o3 SO R BT B R 1) CSDP-2 JE A LG B &R
WOEG RN R T A RIS A B S ke E
LIRS K il 02 A2 I F K X i A ) il <
R RAEEN IR

CSDP-2 A7 F-187 111 8 ke P4 s e A0 B A
ML, s T =& R TaREEHR Mo sz LA b
B GEEARTD. IR TS ARE MK, &
L ATAE TS B G BCL A EAE g A i
o EEERIU N WL RIEBORR A IR R,
BCKA-F AR a T KRB A KENT, Bt
B T AERD AL BN g v n] WO T S AR5
NI IR R, IS BURIL 300 K

A E AR, FE DS B R A ™ DA

E U (i PhE
jwchen2012@126.com

FEARA A R MR, R AR B A o ) 32
BN WA ML & AR AR
R B0 CHy, O & AR /D (1) Ny AT H,, A&
WA A MU ERKERIIHKK P BN
—43.3%0~—36.6%0, 8C, 1H }1—34.3%0~—30.3%0, 8" Cs
i 49-33.8%0~28.4%0, {7~ ALK, il H <.
EEE RN nC~nCyy, FUEBRELL nCe~nCig JE
%, RILHAUES; “UCM 8 LI 25- 57k 241
47, Pr/Ph {8 A 0.87~1.34. f5Ekr & i e,
J&TIE )R IR . 00020RCy7+ 00020RCogn 010.020RCog
S BEAT 5 B AR R VR o0 A, 2R R R A K
A EMI IR TTRR O Ts<Tm, e <284, M
IS BE Cyr/Cro W, AT AEYR 3 A B TR IK
Y IR ST X PN IR A 1 43 W LA &
A=W bR SR AT ZERFAE R R ok Ll 3 W, 2Ll 0ok
BT FEREmELH.

IR TE DR B, DX PN G R A sk KA ) 3 R
SN SO SR ES e SURATE <o) b el R K S WS e ke
HUE AR IR, R ORI AR - AR SR B
AR AT S, MG R e g T — B R T .
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WAIR S, BFEY, NS, ax™>, &

1L oA R RO AR BT, R 266100
2. FUARVEU S EFSUR A 5 SR, (LR 8 266061,

3.9 SR SR A BRI R PRSI ESE RS, L) 266061

YR Bl 320 5 €5 8 T 1) SR A TR 5 AN () £
FERIRITRN < 98] B SE R GEMa SE N HIRT 1
DU BT S ER A 22 R AR A -V R AT fief
W 0 o A A 03 S K A Ve R 0 e o 5
PEIUH , RS P 2 SR RS T ALK
8 AN () 205 S5 3 it O AR AT LB U i A e L8l 1y &4
FLH T TT, MEPEAREE 2 [R5 L o [ AR i 8
g ATAE AR 2R PY AR M o B4 Ol I RARER X, 89 T B
SRR AN S Bl 58 W0 AN [/ 26 52 3 i OB A HL
(R ER AL A AL B R PV E SIS I LA . 45 R,
Fonts st DA B IR 7 R A LR BN » 52 4%
T ARt 7 X R R S A i 1 42 ek A T N RSURE A
HUBR FL AT 25 19245 PR v it Ry s Ay il i A
A7 IR BN (K130 D PORREA S CInZ AR i 4D W)
A R UE ORI AL A A 2 25 (0 23 S A0 ) i O
T BT B I5A HLBE DO AL o [RS8 3R] 2R 358
YU LR “ -7 R mBLE], i T
VOO FLBOZ B P danie il 3¢
HY T ORI NN SRR B T3 A B I LA s AT
(017 e 5 N S 2 & R kA B U5 R SR IR S

EAih 2 I SRR DA g (RN S ARTIINEYS
I P T ZRAS ) SR TR OB A HLRR A A8 R[] 23 St 1) 5%
WL S35, AHEE TR RS, JEAk/AE
AEAR Gl 2 S LA A A GO SN, o s R
) MR 2R VR UK, A DR SR
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(LRSI &2 SRR AR RN b D W E A G
~60% )5 AN[A] DI LA PR TORURS o AT W A2 10 2% )
S JFPEAFAIL , I AR A T AR 2 B v T B SRR AR
PHURRAM 4, A AR I LA AT A 10 A LB S e
o KNS o3Ik IWFUKAFES I, IR HL
BAE [ A s o R v 1) A AR R P AN W A2 K o 4 i
DI R A i 5 B P o e <5 0 JORE A BB PRI
AL K I TR 10 DA T BEAT ELH S M o X 2Ky 213
DX Jfi 58 5 8k 14 17 R JSORH AN ] I ] RORE Ff 9 A
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GO B VPG AN [R) 2 1 10 Gt i i ks g 5 4B
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RN BEENT, HMO, B, TH,

X\ E2, AR

1 ESRBEURED 5 Wi RS B E I B S, IR FHIE 266061;
2. AR AR LR E e O e I DR iR E, (iR F i 266037

R E M TR, BRI R M
P87, FRFE TR I E S T R DT
B B - B — kit 700 pg/g), MX &4 -1
Fitonk, RH%Z &R B4 RNZ &R
M2 G RIS 4 FhgEaEn =, 2IEE I E X
(Kato %, 2011; 12455, 2021a, b). FA#E%%
QO AEAFR KTV R T 4 NG TRl
W AR VUK E R LR - ARORP
B MR T O S AR R OKCFE E R a A e B EE E
N R TN i 0, A W Rty N O E a3 72
B YO LR REIESEL, nTRE Ak
WM UORUR B AN W L — (kA
2021).

TR 5 M U R b 2 A AR 2 A 5 B AR R U A
A R 0 O o A R — Bl R R, e
i LUTR DU R AR, 2R E T IRIR SR AN IR S
(CCD) LA R IR /K75, HLB= A5 £L B 540 5 40 o
CH2F7RSE, 2021b; Bi %%, 2021). [HE, PERF
PRI B LUK B 2R, EEA TR T
~2m PLREEE (Bi%%, 2021). FiREFAE#E r £
T BIYANIE HT, W gt r JC b AR AR B — K
HE R

AWFFCEEIG AT 1 b7 SR IR AR TR
EALAE D (KR 5097 m, KJE 3.12m) AR,

SRR ORI A Bl R AR R PE " Be MI4E
[ 7 VEHER ST T 2l L O Hi J 2 AR AR 28 A 4
FEIR, %R R RE R DU I AR 43 1k
0.059 Ma Fl 11.63 Ma. 1Zufizs D by FEUURNT
BUACRAA AR B AR, B B B0 RRAE
PA~175 cm (~1.1Ma) N5t, EEUIRPITIRRESE,
TR R E &, A 167 cm/Ma; R EBUTERA SRR ]
Wi 2 RE, VIBEEMAR, K 12.5 cm/Ma. BE4h,
Ty HL Y gl v g AR A 0 2 B0 A A ABL AR o AR
AFAREFAE (Yi 55, 20200, A UL, BEFEIXPURAIAE~1.1
Ma TR 6 (1 i) 20 A8 A4 11 42 1 DR 38 . 12 0 X ik
CERASERYE D) F 4, 17 J5 0 B B i PR B S5 R 3%
FLHEN, R GTRUE A AR A 0T g 55 rh BB i<
R (MPT, 1.2-0.7 Ma) FfhH k.

A, ARSI ST iz FLiR = W E U R E
JENLHEAT TR ELE o« A TR 2R, TR E R DT
RE THEZ T 184 ecm LUK (~1.7 Ma Z¥i) (K
TRUTHUE R 2B mT L, RDTRRHE 2 2 488 I
TR KB WEERN R 7, FEERE. A
A3 R L S ) 0 s R TR e IR T i A4 AT
kb, S A TR WAT ) (R TEi D
AR E AR 59— 5, ARUTRR a2y . T4
1% 5 WK IR s TR) B, B 26 5 BRI DU ] DULAT R4
WM IR CHEESE, 2021),

BT H: PERET CRETRIME (45 : DY135-R2-1-01); EKARFIFAIEESTHE (45 91858209; 4210061105)
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TR FORYE 2 4%, RS R I i 44 A
VP B DR i A R PR A8 R R ST . LA
BEFSAN LSS R KSR i R
YA AN RSE CR 2355, 2021, &
SN E AN R SK 5 1R 42 O R T 8 1 D R s e e IR
YT “Pg-307 ok FEIF T i 55 i e 11 2 2L i)
(Li 5%, 20200, Hujco kR Z MR B br i
ANULRR I R YR S s I 7, B 4G Se-Nd [RIA7 2%
T ORI ek S AR, KEE SR —FRARTT Y
PRAEAE B ARUERE 5 . B ACRE AR A ) A, KR
TE A UOAR B B2 RE 0 R FH 22 Fi b A e B3 ) 3 7y o
TR Pk (Liv 25, 2016). MlLgs2%>)n] LUAE
HHUBFEA LA AT ), fElg A shib &
BREHR P RS . SRR, O 2N
T ARG R LA PPN S5 2 ), AT

AR SR 1230 5 m U BRI T A TR

AT MR 8 S MRS AR (0 K Bk, T80 % I
BUERAL S 0055 2 TR bR I YIIRR 30 58
i AR IR 73 BT IR B A 2R o W ST M S
IR IT I AT B L 2 5, AR T b
THEI T Z AR AR G R AR, RS I P 7 2R 7
PRI LA PR AR vk 3 B B 2 > ik,
A R i IR OB = LU DX 11 22 0 Fis o A0 A s
FEARRE G, MIZRHLas 2 IR, JFIRAE B PPl 45
PR HEAT ZH 0, T e EH LA o7 ST R it
XYY EEA T UM, de i R Geat ridiadt— b3k
P AN RIS A JFO0T v it DA ORI 1) T ik« AF
FUAG R R B i IARTURRA -7 R IA
ASVIPN Ul STk Ay SR w b b e S 378 RS /A i
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H BT AEARLICKR, SRR IR D) T R AR
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1L PG A fr i T A6 1 IBM 9 DX S8 iR 5k
fEF] (30~17 Ma) % (Mrozowski and Hayes, 1979;
FEFANEE AR, 2013) 0 i A6 T L G 4k b
(5T = EAE R AL (DSDPS3, 54, 449, 450), fff
FER WM H VG Y by it X s AT R8T N-MORB
HI 4 & UG B FF AL (Fryer et al., 1981; Stolper and
Newman, 1994) LA BT ENE 4 MORB () [F) {7
FUPFME (Hickey-Vargas, 1998). HL AR T AT B 74 4
P EAEAT 7AW, R, AHEE T 75 P HAth
G 2, M HL VG 2y v 2 R B3 1) S A L
DL WU FERAR, FEHE YR X PR 5T, S AR KT
FUR MR Z XS TAR L o3 (R 5E e A T E PR
W, DA IR R B E A

AT G5 At 5 WA HL VG A R I 25 m 5 A A A
LA PIAIEAT PR A RHCA DL AR AT R
frE EICER . S5 RERY], ARRWTTIMEE A BA

B39 Fo {8 (84.12~90.18). NiO. MnO &, %
K/ CaO. Zn i, N JKRRMNAT. R A
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FENRKAFE KA, SENETRATE, 58
B, Tihsgwmocs, HAWER Bu lERE.
CJ09-64 S A7 FE A A ihA CrE il 0.81~0.86,
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10% 26 45 [P o s L RE S TR B, CJ09-64 iy 2 s
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FHCA s CI09-63 3t 7 FF i v RS A R R A L
[F] IR 45 i, CJ09-64 Sl A i HPAFAEAR BR i o JE T80
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The interaction between South Mid-Atlantic ridge
system and Saint Helena plume

Haitao Zhang" >, Quanshu Yan "%

3" Chuanshun Li "%, Xuefa Shi "2

1. Key Laboratory of Marine Geology and Metallogeny, First Institute of Oceanography, MNR. Qingdao,
Science and Technology, Qingdao, Shandong 266061, China;
3. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China

The ridge -hotspot interaction provides an excellent
opportunity to understand deep asthenospheric mantle
processes and even first-order (plate tectonic and mantle
plume) geodynamical behavior (e.g., Ito et al.,, 2003;
Georgen, 2014; Gibson et al, 2015). Globally, a
significant fraction of mid-ocean ridge (MOR) systems
has been influenced by adjacent mantle plumes, and
meanwhile the extensional setting/lithospheric faults at
MORs may anchor ascending plumes or provide a
convenient channel for upward migration of plumes so
that they more likely tend to flow to spreading axis
(Schilling, 1991; Kincaid et al., 1995; Montagner and
Ritsema, 2001). In the Atlantic Ocean, there existed
several mantle plumes which have affected/are affecting
the rifting to spreading process in the mid-Atlantic ridge,
especially for the south Mid-Atlantic ridge (SMAR). The
broad-scale pollution of the South Atlantic asthenosphere
by the Saint Helena plume (about 145 Ma) occurred prior
to the opening of the South Atlantic Ocean (140-118 Ma)
(Channell et al., 1995; Ito and Keken, 2007; Granot and
Dyment, 2015). With progressive opening northwards of
the South Atlantic Ocean accompanying westward

migration of the spreading centers, the influence extents
of Saint Helena plume on the SMAR system are
unequivocal (Graham et al., 1996; Fontignie and
Schilling, 1996; Whittaker et al., 2015; Zhang et al.,
2020).

Resolving the spatial scape of hotspots-influenced
SMAR regions is essential to inferring the upper mantle
asthenosphere dynamics between plate tectonic and
mantle plume at the first-order. Here we present new
major- and trace element compositions and Sr-Nd-Pb
isotopic data for SMAR basalts, showing enriched
compositional  characteristics relative to those
plume-free SMAR MORBs (Zhang et al., 2020; 2021).
These, combining with geophysical data and off-axis
seamounts data, show that the spatial scope of SMAR
segments influenced by Saint Helena plume (hotspot)-
is bounded by the Cardno fracture zone (~14.2°S) to the
north and the Trinidade fracture zone (~20.8°S) to the
south. Finally, this study develops a model to depict
material flow styles from Saint Helena plume to the
actively spreading SMAR along a sloping rheologically
boundary layer at the lithoshperic bottom.
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Source origin and ore-controlling factors of hydrothermal
sulfides from the Tianzuo hydrothermal field,
Southwest Indian Ridge
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Libo Wang'?, Xuejun Jiang'?, Xin Li"*, Dawei Yan
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A newly confirmed hydrothermal sulfide ore
hosted by ultramafic rocks was identified in the
Tianzuo field on the Southwest Indian Ridge. In this
study, detailed mineralogy, geochemistry, and stable
isotope analyses were carried out to assess the source
origin and mineralization of the Tianzuo field sulfide
deposits. The mineralogical examination indicates that
the massive sulfides recovered from the seafloor in this
area exhibit multi-stage deposition features with four
distinct mineralization stages. In terms of geochemistry,
the deposit is characterized by high Fe (31.57—-44.59
wt%), Co (up to 2400 ppm), and Ba contents (up to
47.89 ppm), and relatively low Cu + Zn (0.17-7.25
wt%) and Ni contents (3.74-30.6 ppm). These results
somewhat different from the features of massive
sulfides of the ultramafic-hosted ridge in the Atlantic
Ocean. The elevated Ba and Co contents presumably
reflect a contribution of deep gabbroic intrusions that,
together with serpentinization, drove the high-temperature
(~335 °C) hydrothermal vent activity in the Tianzuo field.

The Co distribution is influenced by high-temperature
and high-gradient conditions apart from the basement
rock. In contrast, the depletion of Ni suggests that
most of the Ni-rich sulfides are concentrated in the
deep stockwork mineralization, whereas the low Cu +
Zn content indicates a partial influence of the depleted
mantle. With regard to isotopic composition, the
sulfide in the Tianzuo field shows relatively heavy in
situ S isotopic values, which implies that the widely
developed transform faults and episodic hydrothermal
events allowed cold seawater to repeatedly rinse the
entire plumbing system. In comparison, the bulk Pb
isotopic composition indicates that Pb in these sulfide
deposits is mainly derived from the leaching of basalts
and peridotites by seawater. By integrating all of the
evidence, we demonstrate that, apart from the
basement rock composition, the pervasive transform
faults and multistage hydrothermal activity are
important factors that affect the composition of the
Tianzuo field sulfide.
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Mineralogical and geochemical records of seafloor cold
seepage history in the Northern Okinawa Trough,
East China Sea

Zhilei Sun'*", Hong Cao'?, Nengyou Wu'?, Wei Geng'?, Xilin Zhang'?, Libo
Wang1’2, Xuejun J iangl’z, Xin Li'?

1. The Key Laboratory of Gas Hydrate, Ministry of Natural Resources, Qingdao Institute of Marine Geology, Qingdao, 266071, China;
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Cold seep carbonate represents a faithful record of
the ancient methane seepage and provides a nonnegligible
contribution to the global carbon reservoir. On the western
slope of the Northern Okinawa Trough (NOT), a recent
seafloor visualized survey has discovered widespread crust
of cold seep carbonate. Here we study mineralogy and
geochemistry of these authigenic carbonate to investigate
source origin and reconstruct its growth history.
Mineralogically, the crusts are mainly
composed of micritic aragonite, with botryoidal aragonite,

carbonate

framboidal pyrite, and microcrystalline authigenic gypsum.

Petrographic characteristic unambiguously indicates that
this carbonate precipitates in relatively open systems due
to a considerable rate of sulfate-dependent anaerobic
oxidation of methane (AOM). Regarding geochemistry,
strongly "*C-depleted carbon isotope values (as low as
—56.1%0, V-PDB) demonstrate that the carbon in the
carbonate crusts is mainly derived from biogenic methane

coupled with AOM. In contrast, the §'*O enrichment (up
to +2.7%0, V-PDB) suggests that the fluid flow from
which carbonate precipitated is sourced from dissociation
of underlying natural gas hydrates. The U-Th ages of
authigenic carbonates fall in the timescale of 22.8-55.7 ka
BP, consistent with the period of sea-level lowstand in the
late Pleistocene. Overall, several lines of evidence of this
study indicate that extensive methane was released by gas
hydrate decomposition during sea level fall, consequently
resulting in the precipitations of carbonate crust in the
NOT. Furthermore, the obviously episodic methane
seepages led to the constant accretion from the interior to
the exterior within the preformed crust, ultimately
inducing the carbonate blocks, slabs and crusts to be
exposed on the seafloor. The existence of large-scale
carbonate crusts represents a good trapper of the later
released carbon especially the isotopically light methane
from the deep.
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