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Abstract: To understand the element occurrence states of sediments in the southern Okinawa Trough and the influence of hydrothermal
activity on the elemental composition of the sediments, the whole-sample and sequential extraction of core HOBAB4-S2 from the southern
Okinawa Trough were analyzed and the occurrence state of Al, Ti, K, Fe, Mn, Cu, Zn, Pb, Co, Ni, and rare earth elements in the sediment core.
The results show that the residual phase and carbonate phase are the important forms of elements in the sediments, and the typical clastic
components Al, K, and Ti have a high proportion in the residual phase. The contents of elements in Fe-Mn oxide and organic bound phases are
relatively low, but in the Fe-Mn oxide phase, the extraction rates and contents of metallic elements associated with hydrothermal activity in the
cores are consistent with depth, and anomalously high values appear in four layers, indicating that the significant influence of hydrothermal

activity on elemental compositions occurred in the corresponding period of the layer. The same trend can be seen in the total amount of rare
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earth elements. The chondrite-normalized rare earth element distribution patterns of the sediments show evidence of light rare earth element

enrichment relative to heavy rare earth elements, with very small positive Ce anomalies and obvious negative Eu anomalies. The case is similar

to the distribution pattern of the Fe-Mn oxide phase of the sediments in the South Atlantic Ocean, showing that it was less affected by

hydrothermal activity, but affected by hydrothermal fluids, which is the result of rare earth elements absorption by Fe-Mn particles in seawater

and hydrothermal fluids.

Key words: sediments; sequential extraction; element occurrence states; hydrothermal activity; Okinawa Trough
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Fig.1 Tectonic topographic map of the study area (a) and sampling location (b)

Base map of 1a is from reference [46]; base map data of 1b from https://www.gebco.net/.
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Fig.2 Distribution of elemental contents of various phase states in core sediments

F1: carbonate phase,F2: Fe-Mn oxide phase, F3: organic bound phase,F4: residual phase (same below). The dashed line indicates the elemental abundance of

surface sediments in the southern of the Okinawa Trough. Data are obtained from reference [49].
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Fig.3 Distribution of extraction ratios of elements in different phases in core sediments
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Fig.4 Variation of extraction ratio of several metal elements in Fe-Mn oxide phase with depth
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Fig.5 Variation of elemental content in Fe-Mn oxide phase with depth
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Fig.6 Variation of total rare earth elements in Fe-Mn oxide phase with depth
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Normalization values are from reference [51].

R X5 58 U 500 [ A X, 2 e TUAR ) 1 R A7
R R R Y A 0 5 IR RO TR B X R 4
10 km, FE 25 P4 36 04 i BD PO X K 249 20 km, 7 th
DU B A T 5 B R DX R EF 1Y 5500 [ 0 IX 22
[ (B 1), #5878 T4 b th AR AT REAA GRCR T8 ) Jot 1y
T, TR 40 25 85 A 78, 190, 294, 420 cm JZ {4k
ML 22 13 T ARG sh s e, JF BLsCAS 172
PR T 2= A IRAAIR S, DATT 52 e e s TTC AR )
BIRMICR & E£IL A 0T 58 B X 5 %
WY, AP S ARV A E T o) e B R O ) iR A
P BRI VTR A I AL 4y T A R
J7 28 e (1) FH P BT DA P ) P vh i B
TR DL K B 1 B 1) 9 8O BT Iz A A Y
Fe(20.01%~39.33%) . Mn(4.00%~ 13.65%) 7% & 1Y
P TTAR U8, (2) FE gt B 3 I B ) B A 40 1

DRHRASE o) FRA2 1k FIN B9 2R BT, A P v
B AL R /NS B 3 70 pm™®, H: R 22 BOBURE ) B
AR /NT 2 pm, T AL 4 UKL (4R B K T 63 pm, [H]
if HOBAB4-S2 & s "' ) Fe( 2.66%~ 4.72%) .
Mn(0.04%~ 0.05%) % & BIK T i AP R 3 #0E
B B TR B Fe, Mn & 5, R AT AGA Sl 4
VRS B E B B AL P R 2% 38 3 SRR IR iR RS
VA 32 T A B RV S 1T 199 2 v ) B0 390 % 22 7 S
DURR o B RO X ) G DT TE ) h & & Fe. Zn,
Pb L AR, & & mUlBRY Tt E &g INBE
W TR s R S 0 S IR [ A X
MR 3 L ALHE TN BE R /D BB A
BERHT . EEE . N YT E & Fe. Cu,
Zn, Pb, 1M Yang S50 785 UL th 58 2] T
BRw . T BT R i N R, LA RS



168 YRR M J5 5 56 D0 20 b TR

2023 4F 10 H

EIV A I DXL A 4 B Sk R AL R L A A 3R A 4 o T
TR BV X . IR I AT L S DO RR ) 32 BT B
S, HoAT e IR B 4552 Tk 1 EDHGR X K 1 5
T ] R 9 DX 1) AR A ) 1) BT K, i Fe. Cu. Zn.,
Pb 55 70 F 7 8 A A AR b i o SRS ICLE 461 A
TUAS 20 ) B 08 0 v o 308 3 77 U0 L HR 1 k%
AMS M“C A, I A 25 Bl 0 Calib7.1 FAR AL IE J5
R ot U0 AR W K 3 U0 FR AR 0% ol 624 aBPPY,
Fujiwara %55 )55 DY 55700 [ B ik DX 1) R B A6 4 1
PRS2 T & A T L A e SE IR (ESP) 4T 3 B
FERT, & BUE A I 3l 04 BRI T 11K 4R ) B i A i
41 580~990 aBP, >k H 1 3l 1Y AR T F B AE A R
H BRI AR S 200~ 260 aBP, 143 B 45 1Y 5 718 [
FR DX [ I 1 000 4> & A= 35k A 2 i) 2R 1 3
PG, PR L URR ) ot U A e A v a2 B0 B ) OB
TSI R AT REMY . TR IR R e N 22755 5 1
o AR AR B AT IR, R IAS IR 5 T 1 4 A
2 B A B 5 ma 1 2 8 TR AR AR 4 3 Sk 99,

# 1 HOBAB4-S2 &N WRE L T M FLHER
Table 1 Results of carbon isotope dating for HOBAB4-S2 cores

AMS HC K IE4F 1% /aBP

Wi /em  F1k} . A&/ S
FIRABP ey 4RIt 20
74 200430 35 0~70
125 560430 159 260~47
a3 T (o030 304 424~230  SCHR[SS)
L
387 730430 346 432268
477 1090430 624 682541

o

Ella ENCe EEPr BENd EESm [ Eu BGd ITb [EEDy EEHo ENEr ENTm EEYb EELu

K8 BRELEALYAT Cad FIEREAAL (b) w70 A LL 41 3 A

Fig.8 Distribution of extraction ratio of rare earth elements in Fe-Mn oxide phase (a) and residual phase (b)

187, 312, 448 aBP,

Hsul® 4532 FH G T $a By % o 28 V3 Al i B 178 4
W 3N DXRN AR B 2 X DR T Fe, Mn, Al 4F
JCRIEATX AT, [RIAE A B0 A2 ST 2 52w 1 DL
TR LE ek S8 A0 AR Th () Fe. Mn 702 26 B LG ) 1 AR
FR R ) 1) TR 19 A JCLE 81 s, G L2 Min 9 AR
PR TR S B 5, T AL AE BG4 AR AR, IR AR AL AN K
M5 Z AN ] i J2, AT £ B 53 B v Pb 78 2k 4
AU AL T 2 TR L 481 AR b B A, L AR LY 91 e 5 1
ik 62%, fefik A 18%, iX Al fig j& UL A4 vp Ak
U5 B A v 7 S T A e LRI Bl B 1Y
AT RN .

3 2o % Vg R i S A Y 5 R A R AR A 1T
R IWFoR R I, B2 IR 8 I 5K IR A
PHL, WK Y IE Eu 58 855, 1M Ce 5% W]
Hamen, WK AR B Fe b A AL N B LY el A A
A TR T Sk, T HGRATE Th ) Fe S0 164
X BRI T A B ] B K AR o R R ZL A v
HAEM . $O A Fe-Mn BUkz Hy 14 B 350 FR & e
X BRI AT RN K b AR A 0 2R 0 R ZTE I AE F Sk
TEUURY T T E AT A, AR
FE rp Aty 2 #E AT — S A0 ) B R R UL, 3 L R0k
Y1 ¢ Fe-Mn & F2 ALY Ui B 2 F B DU, 0] R
S N E DL T R T R AT A R, 7R GE
HHEK T Ce 5 18 AR R 45 14 T 9 AL AR Cet B
B CeO, TLVE MM 15 7K o 7t B 8 1) 171 Ce S5, i
VT B AR R B R A 25 A 5l 485 e DR I A i 7K
Y Ce M H AR +- o0 &K, 8 H 2 R 0 R 20
Ce IES% . [F Itk HOBAB4-S2 ‘& b ik 4h EAL WA 45



543 % 5 5

UL, B4 A 208 Y A g B AR ) 89 70 28 WA IR 2 B P sl % 169

A B B R Y Ce IE SR, T RLIA R 2 BRI
I 1 1 $ IR T B9 Fe-Mn 4804k 4 45 00RE 4 ) 4
P K B AR AE R R £ 0T R BT L B0 &2 K
(18 5% TR) Jom 568 T 5 B0 o HOBRE T 1Y) Fe-Mn 50K
IR R N VLR S, 2 R 28 U Y REE i
O3B, TR Ce HUBRIE 4, BT K
BURVER R 25 5¢ 1Y REE FL o A=K, HL R B Hy T8k 4 4
A5t PR A TR R 0T R BT L VTR R
AP A Hh R A = o0 2 Bk A B o R A3 AR X iR
R RARPRRER R EE, ER oK
A RRAE, 17 H B R Y Bu 558 5 BGRR (Y58
N IE S5 B X, T BE R B BGRE C AaE, FA
VU AR S IS 11 T B A AR A B A A S B
W% 11 ) 376 Ab 4 FBCEE A% B 2 74 T B 7 1 K B R 1T
FARAEUS2 ) B R i A Ak W R K B
TR, XX U IAEE 8 . DU 2 1k A ki U8
Yy ot R M 55 T o OO Bl B DL Bz X AR
MR DR A LRI KR

ARV, Cu 54 HILJE Q06 35 S5 00k W 43 1
JE TR R . AR B AR g 0 4% 5 s W Ak 2 SO
71, B Cu £E A HLES & AH i & ZE B LG i R B A
BLBTXT Cu A & 5 14 W% B 2% 5 4 AT T Pb 35 %2
WA 4 R Ak P A L 2 BHBGIRTE 30 7 2B I B Ak 4
WO AR S R, N Pb Y I & A SRR K
BB U T F AL Ti 09 H A o0 3R 3 A6 Bk R 46 AH AT
JIFRAF, Mn 2 B R £h AH T 2K BULE 19 e = A T 3R, 3%
B A= W1 A X Min, Co %542 J& e Z ik A UL
Yty = ZEHLH], Mn 76 5 R 5 AH 00 2 B EG B 4% 5 5
WA= DY B A A oy AR 45 A 6 . BR
SR R R OCER AL TiL K AN & I8 on B A4k
i E AL YA A AE AT EL AN K, T 2 I B
TG B XX ST R — BTk . B Cu Sy HAth
JC 2R TE A LA G AH Hh 0 A€ LG 491 B S 451G, R oT
54 U MR A O B A S R E AR, S5
ZRF LB A HIL T R T A% T R R W B AR 35 .
Mn, Pb 7£ 5% 8 A b i EEARAIE, ALL Ti. K. Fe. Niy
FEFR B AR P AR, T AL RE DL RE R £k 2
A Y I E A7, Ti ] 68 LS5 [ A 8 AR A7
TE LT W, KT fE LK A I A7F 1R, i sk 3
M E&E TR FEAAETH L. KA. A5
FR L ks b, RLE, 3% B A T R ROk IR
Tk YR R A RE R R L AR EERR R

P 2k A 4R 0 A RN % BA A R B A T R A B
Xt b, B £ OC R EERAE TR B A, B gk
BA HH R R A 0 ek R s R W s TR R

AR R VB A L TR &
) L, FAROR B 00 R T OB R
FICE R TTRR I AN G T S AL, TSR B A IR
i 5 B IS 00 o AR B A A B B o0 R SrE DR AR
HhgE — 25 WO B K B R TR
i o0 2 sTik o5 B AR . WAE T kA A AL A
HR A AR TR s o0 2R i K L Pl T I RO
A28 78 11 32 P05 3l B 2 M /0N, AR B A7 76 T4
WA VR HL ALY 4 Fe. Cu. Zn, Pb, Mn | = E 77
FEAR E AL A T, PRI A% O 3R e SR B i A
A AR A A ) 1 AR AR R B 22 GBI Bl iR R AR
UAIONERDS A TE N

5 5

(1) X w28 v R i 3 2 O DL AR iR A7 1 0 4
WOyt , 25 SRR WA GR B A 2 A U b T R
Fe. Mn, Al, Ti, K. Cu. Zn, Pb, Co. Ni A9 3= Z Mt
FEAS, B IR R AH B R B MR AE A, 28 W i VR A )8 DT AR
554 Wi R DRV % XY 2 ZE TR Oy =X, B
T4 B3 5 A IR Bt o5 ORI R R 1Y) 3 S M

(2) 5 R IE s A &) Cu, Zn, Pb, Fe, Mn %5
4 J& JC F AR R A AR A TP Y 2R LG ) S Y A
LR Lo R BB R B b a HoA A, BAE 4 1
JEAE I R, S5 R TR R X A
TR WSE 11 W% A SR B BERE 4317, A HGRTE 2 X DT AR
HIC R S IRAEIR S A W 5

(3) 5 SR A AL A 1 s 50 28 BRORE B A b
HEARTE 43188 X s T IR AR Y Ce T 56 FH I &b (19
Eu i 5%, L AVR M R B E M FOor R o E A
AR, X 5 R R POV 52 AGIRTG 20 5% e 288/ N TR
YR AL AH AR o R L AR 2R, R R
o R A 4R Tk W B v K R B H A e T
2, Hizhb A S TR P R 8 PR 2 X A | 32 A
VREESIE AR UNTE &

B v AMFRELHAFMETH
BAGPTA A LI A R AF S | I8 Ao SR T R
# T ik A Bl

£ ik (References)

[1]  SibuetJ C, Letouzey J, Barbier F, et al. Back arc extension in the Ok-
inawa trough [J]. Journal of Geophysical Research:Solid Earth, 1987,
92 (B13): 14041-14063.


http://dx.doi.org/10.1029/JB092iB13p14041

170 VA 1 b -5 5 U 4 2023 4 10 H
[2]  Shinjo R, Kato Y. Geochemical constraints on the origin of bimodal component in a metalliferous sediment core from the Mid - Atlantic

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

magmatism at the Okinawa Trough, an incipient back-arc basin [J].
Lithos, 2000, 54 (3-4): 117-137.

Lee C S, Shor Jr G G, Bibee L D, et al. Okinawa Trough: origin of a
back-arc basin [J]. Marine Geology, 1980, 35 (1-3): 219-241.

Kimura M. Back-arc rifting in the Okinawa Trough [J]. Marine and
Petroleum Geology, 1985, 2 (3) : 222-240.

Letouzey J, Kimura M. The Okinawa Trough: genesis of a back-arc
basin developing along a continental margin [J]. Tectonophysics,
1986, 125 (1-3) : 209-230.

PR, BRI, EBL S o ORI A s S SR AT (1),
PEMB TS S DAL, 1997, 17 (1) 59-66. [ZHAI Shikui, CHEN
Lirong, WANG Zhen, et al. Primary analysis on pumice magmatism
model of the Okinawa Trough [J]. Marine Geology & Quaternary
Geology, 1997, 17(1) : 59-66.]

SO, AR AR, PR PRI AL, Bl HERAG SRR S
TR SCLT]. #7243, 2006, 22 (6) : 1703-1712. [HUANG Peng,
LI Anchun, JIANG Hengyi. Geochemical features and their geological
implications of volcanic rocks from the northern and middle Okinawa
Trough [J]. Acta Petrologica Sinica, 2006, 22 (6) : 1703-1712.]

Zhang Y J, Zhai S K. Magma evolution processes in the southern Ok-
inawa trough: insights from melt inclusions [J]. Journal of Ocean Uni-
versity of China, 2021, 20 (6) : 1383-1397.

Chung Y, Chang W C. Pb-210 fluxes and sedimentation rates on the
lower continental slope between Taiwan and the South Okinawa
Trough [J]. Continental Shelf Research, 1995, 15 (2-3) : 149-164.
Diekmann B, Hofmann J, Henrich R, et al. Detrital sediment supply in
the southern Okinawa Trough and its relation to sea-level and Kurosh-
io dynamics during the late Quaternary [J]. Marine Geology, 2008,
255(1-2): 83-95.

Kimura M, Furukawa M, Izawa E, et al. Report on DELP 1988 Cruises
in the Okinawa Trough. Part 7. Geologic investigation of the central
rift in the middle to southern Okinawa Trough [J]. Bulletin of the
Earthquake Research Institute, University of Tokyo, 1991, 66 (1) : 179-
209.

Halbach P, Pracejus B, Maerten A. Geology and mineralogy of
massive sulfide ores from the central Okinawa Trough, Japan [J]. Eco-
nomic Geology, 1993, 88 (8): 2210-2225.

Rusakov V' Y. Possible reasons for correlations between the concentra-
tions of major and trace metals in metalliferous sediments [J]. Geo-
chemistry International, 2010, 48 (3) : 305-314.

Mills R A. Hydrothermal deposits and metalliferous sediments from
TAG, 26°N Mid-Atlantic Ridge[M]//Parson L M, Walker C L, Dixon
D R. Hydrothermal Vents and Processes. London: Geological Society,
1995: 121-132.

Dekov V M, Cuadros J, Kamenov G D, et al. Metalliferous sediments
from the H. M. S. Challenger voyage (1872-1876) [J]. Geochimica et
Cosmochimica Acta, 2010, 74 (17) : 5019-5038.

Dymond J, Corliss J B, Heath G R, et al. Origin of metalliferous sedi-
ments from the Pacific Ocean [J]. GSA Bulletin, 1973, 84 (10) : 3355-
3372.

Mills R, Elderfield H, Thomson J. A dual origin for the hydrothermal

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

Ridge [J]. Journal of Geophysical Research:Solid Earth, 1993,
98 (B6) : 9671-9681.

Gurvich E G. Metalliferous Sediments of the World Ocean: Funda-
mental Theory of Deep-Sea Hydrothermal Sedimentation[M]. Berlin:
Springer, 2006.

Halbach P, Hansmann W, Koppel V, et al. Whole-rock and sulfide
lead-isotope data from the hydrothermal JADE field in the Okinawa
back-arc trough [J]. Mineralium Deposita, 1997, 32 (1) : 70-78.

Sakai H, Gamo T, Kim E S, et al. Unique chemistry of the hydrotherm-
al solution in the mid - Okinawa Trough Backarc Basin [J]. Geophys-
ical Research Letters, 1990, 17 (12): 2133-2136.

Glasby G P, Notsu K. Submarine hydrothermal mineralization in the
Okinawa Trough, SW of Japan: an overview [J]. Ore Geology Re-
views, 2003, 23 (3-4) : 299-339.

Hongo Y, Obata H, Gamo T, et al. Rare earth elements in the hydro-
thermal system at Okinawa Trough back-arc basin [J]. Geochemical
Journal, 2007, 41 (1): 1-15.

Ishibashi J I, Ikegami F, Tsuji T, et al. Hydrothermal activity in the Ok-
inawa Trough back-arc basin: geological background and hydrotherm-
al mineralization[M]//Ishibashi J I, Okino K, Sunamura M. Subsea-
floor Biosphere Linked to Hydrothermal Systems: TAIGA Concept.
Tokyo: Springer, 2015: 337-359.

Gena K, Chiba H, Kase K, et al. The tiger sulfide chimney, Yonaguni
knoll IV hydrothermal field, southern Okinawa trough, Japan: the first
reported occurrence of Pt—Cu—Fe - bearing bismuthinite and Sn - bear-
ing chalcopyrite in an active seafloor hydrothermal system [J]. Re-
source Geology, 2013, 63 (4) : 360-370.

Suzuki R, Ishibashi J I, Nakaseama M, et al. Diverse range of mineral-
ization induced by phase separation of hydrothermal fluid: case study
of the Yonaguni Knoll IV hydrothermal field in the Okinawa Trough
Back - Arc Basin [J]. Resource Geology, 2008, 58 (3) : 267-288.
Yeats C J, Hollis S P, Halfpenny A, et al. Actively forming Kuroko-
type volcanic-hosted massive sulfide (VHMS) mineralization at Theya
North, Okinawa Trough, Japan [J]. Ore Geology Reviews, 2017, 84:
20-41.

Xu Z K, Li T G, Chang F M, et al. Clay-sized sediment provenance
change in the northern Okinawa Trough since 22 kyr BP and its pa-
leoenvironmental implication [J]. Palacogeography, Palaeoclimato-
logy, Palacoecology, 2014, 399: 236-245.

Yan Q S, Shi X F. Petrologic perspectives on tectonic evolution of a
nascent basin (Okinawa Trough) behind Ryukyu Arc: a review [J].
Acta Oceanologica Sinica, 2014, 33 (4): 1-12.

Yang B J, Liu J H, Shi X F, et al. Mineralogy and sulfur isotope char-
acteristics of metalliferous sediments from the Tangyin hydrothermal
field in the southern Okinawa Trough [J]. Ore Geology Reviews,
2020, 120: 103464.

Zeng Z G, Ma Y, Chen S, et al. Sulfur and lead isotopic compositions
of massive sulfides from deep-sea hydrothermal systems: implications
for ore genesis and fluid circulation [J]. Ore Geology Reviews, 2017,
87: 155-171.

Zeng Z G, Ma Y, Wang X Y, et al. Elemental compositions of crab and


http://dx.doi.org/10.1016/S0024-4937(00)00034-7
http://dx.doi.org/10.1016/0025-3227(80)90032-8
http://dx.doi.org/10.1016/0264-8172(85)90012-1
http://dx.doi.org/10.1016/0264-8172(85)90012-1
http://dx.doi.org/10.1016/0040-1951(86)90015-6
http://dx.doi.org/10.16562/j.cnki.0256-1492.1997.01.010
http://dx.doi.org/10.16562/j.cnki.0256-1492.1997.01.010
http://dx.doi.org/10.16562/j.cnki.0256-1492.1997.01.010
http://dx.doi.org/10.16562/j.cnki.0256-1492.1997.01.010
http://dx.doi.org/10.3321/j.issn:1000-0569.2006.06.027
http://dx.doi.org/10.3321/j.issn:1000-0569.2006.06.027
http://dx.doi.org/10.1007/s11802-021-4567-9
http://dx.doi.org/10.1007/s11802-021-4567-9
http://dx.doi.org/10.1007/s11802-021-4567-9
http://dx.doi.org/10.1016/0278-4343(94)E0023-F
http://dx.doi.org/10.1016/j.margeo.2008.08.001
http://dx.doi.org/10.2113/gsecongeo.88.8.2210
http://dx.doi.org/10.2113/gsecongeo.88.8.2210
http://dx.doi.org/10.1134/S0016702910030080
http://dx.doi.org/10.1134/S0016702910030080
http://dx.doi.org/10.1016/j.gca.2010.06.001
http://dx.doi.org/10.1016/j.gca.2010.06.001
http://dx.doi.org/10.1130/0016-7606(1973)84&lt;3355:OOMSFT&gt;2.0.CO;2
http://dx.doi.org/10.1029/92JB01414
http://dx.doi.org/10.1007/s001260050073
http://dx.doi.org/10.1029/GL017i012p02133
http://dx.doi.org/10.1029/GL017i012p02133
http://dx.doi.org/10.1016/j.oregeorev.2003.07.001
http://dx.doi.org/10.1016/j.oregeorev.2003.07.001
http://dx.doi.org/10.1016/j.oregeorev.2003.07.001
http://dx.doi.org/10.2343/geochemj.41.1
http://dx.doi.org/10.2343/geochemj.41.1
http://dx.doi.org/10.1111/rge.12015
http://dx.doi.org/10.1111/rge.12015
http://dx.doi.org/10.1111/j.1751-3928.2008.00061.x
http://dx.doi.org/10.1016/j.oregeorev.2016.12.014
http://dx.doi.org/10.1016/j.palaeo.2014.01.016
http://dx.doi.org/10.1016/j.palaeo.2014.01.016
http://dx.doi.org/10.1016/j.palaeo.2014.01.016
http://dx.doi.org/10.1007/s13131-014-0400-2
http://dx.doi.org/10.1016/j.oregeorev.2020.103464
http://dx.doi.org/10.1016/j.oregeorev.2016.10.014

ERRE SR g WL, 8 AR p 2 Vg A R BT AR W 19 70 2 TRAT-RAS RO P I Bl i SR 171
snail shells from the Kueishantao hydrothermal field in the southwest- [46] THIEAE. phYRIERY FE A S3 A DT IR )24 ARk 221052 (D]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

ern Okinawa Trough [J]. Journal of Marine Systems, 2018, 180: 90-
101.

Zeng Z G, Chen S, Ma Y, et al. Chemical compositions of mussels and
clams from the Tangyin and Yonaguni Knoll IV hydrothermal fields in
the southwestern Okinawa Trough [J]. Ore Geology Reviews, 2017,
87: 172-191.

Zhang X, Zhai S K, Yu Z H, et al. Mineralogy and geological signific-
ance of hydrothermal deposits from the Okinawa Trough [J]. Journal
of Marine Systems, 2018, 180: 124-131.

Bayon G, German C R, Boella R M, et al. An improved method for ex-
tracting marine sediment fractions and its application to Sr and Nd iso-
topic analysis [J]. Chemical Geology, 2002, 187 (3-4) : 179-199.
Bayon G, German C R, Burton K W, et al. Sedimentary Fe-Mn oxyhy-
droxides as paleoceanographic archives and the role of aeolian flux in
regulating oceanic dissolved REE [J]. Earth and Planetary Science
Letters, 2004, 224 (3-4) : 477-492.

Chester R, Hughes M J. A chemical technique for the separation of
ferro-manganese minerals, carbonate minerals and adsorbed trace ele-
ments from pelagic sediments [J]. Chemical Geology, 1967, 2: 249-
262.

Gutjahr M, Frank M, Stirling C H, et al. Reliable extraction of a deep-
water trace metal isotope signal from Fe-Mn oxyhydroxide coatings of
marine sediments [J]. Chemical Geology, 2007, 242 (3-4) : 351-370.
Shinjo R, Chung S L, Kato Y, et al. Geochemical and Sr - Nd isotopic
characteristics of volcanic rocks from the Okinawa Trough and Ry-
ukyu Arc: Implications for the evolution of a young, intracontinental
back arc basin [J]. Journal of Geophysical Research:Solid Earth, 1999,
104 (B5) : 10591-10608.

Li N S. On tectonic problems of the Okinawa Trough [J]. Chinese
Journal of Oceanology and Limnology, 2001, 19 (3) : 255-264.

Zeng Z G, Yu S X, Wang X Y, et al. Geochemical and isotopic charac-
teristics of volcanic rocks from the northern East China Sea shelf mar-
gin and the Okinawa Trough [J]. Acta Oceanologica Sinica, 2010,
29(4):48-61.

Lai Z Q, Zhao G T, Han Z Z, et al. Back - arc magma processes in the
Okinawa Trough: new insights from textural and compositional vari-
ations of plagioclase in basalts [J]. Geological Journal, 2016, 51 (S1):
346-356.

Sibuet J C, Deffontaines B, Hsu S K, et al. Okinawa trough Backarc
basin: Early tectonic and magmatic evolution [J]. Journal of Geophys-
ical Research:Solid Earth, 1998, 103 (B12) : 30245-30267.

Arai R, Kodaira S, Yuka K, et al. Crustal structure of the southern Ok-
inawa Trough: symmetrical rifting, submarine volcano, and potential
mantle accretion in the continental back - arc basin [J]. Journal of
Geophysical Research:Solid Earth, 2017, 122 (1) : 622-641.

Liu B, Li S Z, Suo Y H, et al. The geological nature and geodynamics
of the Okinawa Trough, Western Pacific [J]. Geological Journal,
2016, 51 (S1): 416-428.

Takai K, Mottl M J, Nielsen S H, et al. Proceedings of the integrated
ocean drilling program[C]. Washington, DC: Integrated Ocean

Drilling Program Management International, Inc, 2011.

(471

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

(571

(58]

oh B RRE E R 2 (P AR BRI U I 42244 183, 2020. [HU
Siyi. Mineralogical and geochemical study of sediment core S3 from
the southern Okinawa Trough[D]. Doctor Dissertation of University
of Chinese Academy of Sciences (The Institute of Oceanology,
Chinese Academy of Sciences), 2020.]

THE, wiEAE, A, A A D OB P AR AL 23
NP IE R O (7). rh R 2 R R 2, 2012, 55(3) : 665-674.
[YU Zenghui, GAO Yuhua, ZHAI Shikui, et al. Resolving the hydro-
thermal signature by sequential leaching studies of sediments from the
middle of the Okinawa Trough [J]. Science China Earth Sciences,
2012, 55(3): 665-674.]

AR, HAER, B, A8 RO REIERE 13 ONARE BHIE R 2 IR
Wyeb(f TE R IRAEIRAS (9] U e 3 55 45 DY 28 4 5%, 2009, 29 (3) -
53-60. [LI Kang, ZENG Zhigang, YIN Xuebo, et al. Mode of element
occurrence in surface sediments from East Pacific Rise near 13°N and
the equator [J]. Marine Geology & Quaternary Geology, 2009, 29 (3) :
53-60.]

R, AR MR R R Z DR R AR K A
TR TR 7R X [T, PUR2E4), 2002, 20 (4) : 680-686. [JIANG
Fuqing, LT Anchun. Geochemical characteristics and their implications
to provenance and environment of surface sediments from the South
Okinawa trough [J]. Acta Sedimentologica Sinica, 2002, 20 (4) : 680-
686.]

Tessier A, Campbell P G C, Bisson M. Sequential extraction proced-
ure for the speciation of particulate trace metals [J]. Analytical Chem-
istry, 1979, 51 (7) : 844-851.

Boynton W V. Cosmochemistry of the rare earth elements: meteorite
studies [J]. Developments in Geochemistry, 1984, 2: 63-114.

KA, MEs, AR, S5 FORVG RSB UR AR R AN A S 5O
IR RAERA [T]. HFPE24 4, 2021, 43 (3) = 90-104. [ZHANG
Ying, YANG Baoju, LI Chuanshun, et al. Sequential extraction proced-
ure and element occurrence states of hydrothermal sediments from the
South Atlantic Ridge [J]. Haiyang Xuebao, 2021, 43 (3) : 90-104.]
Chung Y C, Hung G W. Particulate fluxes and transports on the slope
between the southern East China Sea and the South Okinawa
trough [J]. Continental Shelf Research, 2000, 20 (4-5) : 571-597.
German C R, Higgs N C, Thomson J, et al. A geochemical study of
metalliferous sediment from the TAG Hydrothermal Mound, 26°08'N,
Mid - Atlantic Ridge [J]. Journal of Geophysical Research:Solid
Earth, 1993, 98 (B6) : 9683-9692.

Dias A S, Mills R A, Taylor R N, et al. Geochemistry of a sediment
push-core from the Lucky Strike hydrothermal field, Mid-Atlantic
Ridge [J]. Chemical Geology, 2008, 247 (3-4) : 339-351.

Barrett T J, Taylor P N, Lugogski J. Metalliferous sediments from
DSDP Leg 92: the East Pacific Rise transect [J]. Geochimica et
Cosmochimica Acta, 1987, 51(9) : 2241-2253.

Yang Y M, Zeng Z G, Yin X B, et al. Mineralogy, geochemistry, and
sulfur isotope characteristics of sediment-hosted hydrothermal sulfide
minerals from the southern Okinawa Trough [J]. Acta Oceanologica
Sinica, 2021, 40 (10) : 129-143.

WARER. A3 Al e s i CRUZ T BB AR AERT 5 (D). Th


http://dx.doi.org/10.1016/j.jmarsys.2016.08.012
http://dx.doi.org/10.1016/j.oregeorev.2016.09.015
http://dx.doi.org/10.1016/j.jmarsys.2016.11.007
http://dx.doi.org/10.1016/j.jmarsys.2016.11.007
http://dx.doi.org/10.1016/S0009-2541(01)00416-8
http://dx.doi.org/10.1016/j.epsl.2004.05.033
http://dx.doi.org/10.1016/j.epsl.2004.05.033
http://dx.doi.org/10.1016/0009-2541(67)90025-3
http://dx.doi.org/10.1016/j.chemgeo.2007.03.021
http://dx.doi.org/10.1029/1999JB900040
http://dx.doi.org/10.1007/BF02850663
http://dx.doi.org/10.1007/BF02850663
http://dx.doi.org/10.1007/s13131-010-0050-y
http://dx.doi.org/10.1029/98JB01823
http://dx.doi.org/10.1029/98JB01823
http://dx.doi.org/10.1029/98JB01823
http://dx.doi.org/10.1002/2016JB013448
http://dx.doi.org/10.1002/2016JB013448
http://dx.doi.org/10.3969/j.issn.1000-0550.2002.04.024
http://dx.doi.org/10.3969/j.issn.1000-0550.2002.04.024
http://dx.doi.org/10.1021/ac50043a017
http://dx.doi.org/10.1021/ac50043a017
http://dx.doi.org/10.1021/ac50043a017
http://dx.doi.org/10.1016/S0278-4343(99)00086-2
http://dx.doi.org/10.1029/92JB01705
http://dx.doi.org/10.1029/92JB01705
http://dx.doi.org/10.1016/j.chemgeo.2007.10.015
http://dx.doi.org/10.1016/0016-7037(87)90278-X
http://dx.doi.org/10.1016/0016-7037(87)90278-X
http://dx.doi.org/10.1007/s13131-021-1836-9
http://dx.doi.org/10.1007/s13131-021-1836-9

172

T M S5 5 1 20 M S

2023 4F 10 H

[59]

[60]

BB (h E R B A O I 226718 3, 2021, [YANG
Yamin. Study on the characteristics of turbidite sediments hosted sulf-
ides deposit from the southern Okinawa Trough[D]. Doctor Disserta-
tion of University of Chinese Academy of Sciences (The Institute of
Oceanology, Chinese Academy of Sciences), 2021.]

Fujiwara T, Toyoda S, Uchida A, et al. ESR dating of barite in sea-
floor hydrothermal sulfide deposits in the Okinawa Trough[M]//Ishi-
bashi J I, Okino K, Sunamura M. Subseafloor Biosphere Linked to Hy-
drothermal Systems: TAIGA Concept. Tokyo: Springer, 2015: 369-
386.

Hsu S C, Lin F J, Jeng W L, et al. Observed sediment fluxes in the

southwesternmost Okinawa Trough enhanced by episodic events: flood

[61]

[62]

[63]

runoff from Taiwan rivers and large earthquakes [J]. Deep Sea Re-
search Part I:Oceanographic Research Papers, 2004, 51 (7) : 979-997.
Ishibashi J I, Okino K, Sunamura M, et al. Subseafloor Biosphere
Linked to Hydrothermal Systems: TAIGA Concept[M]. Tokyo:
Springer, 2015.

Ruhlin D E, Owen R M. The rare earth element geochemistry of hydro-
thermal sediments from the East Pacific Rise: examination of a seawa-
ter scavenging mechanism [J]. Geochimica et Cosmochimica Acta,
1986, 50 (3) : 393-400.

Olivarez A M, Owen R M. REE/Fe variations in hydrothermal sedi-
ments: implications for the REE content of seawater [J]. Geochimica

et Cosmochimica Acta, 1989, 53 (3): 757-762.


http://dx.doi.org/10.1016/j.dsr.2004.01.009
http://dx.doi.org/10.1016/j.dsr.2004.01.009
http://dx.doi.org/10.1016/j.dsr.2004.01.009
http://dx.doi.org/10.1016/0016-7037(86)90192-4
http://dx.doi.org/10.1016/0016-7037(89)90019-7
http://dx.doi.org/10.1016/0016-7037(89)90019-7

	1 地质背景
	2 材料与方法
	3 结果
	3.1 岩芯沉积物不同相态中各元素含量及萃取比例的分布特征
	3.2 岩芯沉积物的稀土元素地球化学特征

	4 讨论
	5 结论
	参考文献

