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Abstract: Anhydrite is one of the earliest minerals in forming the hydrothermal chimney walls, which is important for understanding the fluid-
seawater mixing, and elemental migration and cycling in the seafloor hydrothermal system. Anhydrite minerals samples from the Tangyin
hydrothermal field in the southwestern Okinawa Trough, western Pacific were investigated on the in-situ element concentrations and sulfur (S)

isotopic compositions. The crystal morphology of anhydrite could be divided into two types. Type I anhydrite formed earlier is subhedral or
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anhedral and occurred in radial or irregular crystal aggregation, and Type II anhydrite formed later is euhedral and occurred in plate or granular
crystal aggregation. When the hydrothermal fluid first met with seawater, Type I anhydrite precipitated rapidly and formed the wall of the
hydrothermal chimney. Subsequently, Type II anhydrite experienced relatively longer growth stage. However, the Ba, Al, Sr, Ni, Fe, Mn, and Cr
contents of anhydrite are significantly higher than that of seawater, suggesting that those elements are derived mainly from hydrothermal fluid
duo to the subseafloor fluid-rock and/or sediment interactions. The Mg content of anhydrite is significantly lower / higher than that of seawater /
vent fluids, which was resulted from the fluid-seawater mixing. Most of the Sr contents of Type I anhydrite are significantly lower than that of
Type 1I anhydrite, suggesting that more Sr from fluids were involved into Type II anhydrite and formed euhedral, plate, or granular minerals.
The Fe, As, Sr, Ba, and Pb contents of anhydrite are significantly higher than that of vent fluids in the Okinawa Trough, which indicates that
these elements enter preferentially anhydrite from the fluids, and resulted in the enrichment of these elements in the anhydrite. REEs of
anhydrite and their REE patterns show positive Ce and negative Eu anomalies, which could be resulted from fluids leaching out from local sub-

seafloor volcanic rocks and/or sediments and having undergone fluid-seawater mixing. Furthermore, S in the anhydrite was mainly from

seawater during fluid-seawater mixing.

Key words: anhydrite; chemical and sulfur isotopic composition; hydrothermal chimney; vent fluid; Tangyin hydrothermal field
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Fig.1 Location of anhydrite samples from the Tangyin hydrothermal field in the Okinawa Trough

The red rectangle is the location of the hydrothermal field, the red star is the sampling location of anhydrite.
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Fig.2 Hand specimens of anhydrite samples from the Tangyin hydrothermal field in the Okinawa Trough (a) and images of microscope
under single polarized light (b) and orthogonal polarized light (c, d)

Anh: anhydrite.
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Table 1 Electron microprobe analyses of the anhydrite in sample R11-H2 from the Tangyin hydrothermal field
and their atoms per formula unit for elements %
FM WERA K,0 SO;  CaO BaO TiO, Na,0 ALO; SrO MgO SiO, NiO FeO MnO Cr,0; it L5
66 nd. 5802 4195 009 nd. 002 nd 014 002 nd nd 003 nd 003 10029 Ca, 5550710371
6-8 nd 5745 4103 011 nd. nd nd 011 08 074 nd nd nd nd 10031 Ca;ssMggSio01S0710371
6-10 nd. 5684 4268 nd. nd 003 nd 019 004 nd nd nd nd 003 9981 Ca, 6050700370
6-11 nd. 5564 4429 nd. nd 006 nd 019 0.16 nd nd nd nd 008 10043 Ca, 6580670567
6-12 nd. 5543 4547 006 nd. 003 0.02 015 007 nd 004 nd nd nd 101.26 Ca, 6750.6605.66
Bt
6-13 nd. 5629 4267 nd. 004 006 nd 022 019 nd nd nd nd 007 99.53 Ca, 6150600569
6-15 nd. 57.19 4229 nd. nd. 008 nd 020 004 nd nd nd nd nd.  99.80 Ca; 5050700370
6-16 nd. 5628 4227 nd. 005 005 nd 014 007 nd 004 010 nd nd  99.00 Ca, 60507005 69
6-17 nd. 5725 4276 nd. nd. 002 nd 019 003 nd nd nd 005 nd 10029 Ca, 6650700370
624 nd. 5774 4259 nd. nd. nd nd 018 003 nd nd 003 004 nd 10059 Ca, 5980700370
4-1-1 nd. 5672 4384 nd. nd. 007 002 031 nd. nd nd nd nd 009 101.05 Ca; 506505 68
4-1-2  nd. 5823 4241 nd. nd. 0.05 nd. 029 002 nd nd 0.04 nd nd. 101.03 Ca; 53S0 710371
413 nd. 5638 4289 008 nd. 004 nd 062 002 nd nd nd nd 004 10007  CajgSry01S0605.60
4-1-4 nd. 57.63 4296 nd. nd. 002 =nd 022 nd nd nd nd nd 005 100.89 Ca; 6050700370
4-1-5 nd. 5731 4411 0.07 nd. nd nd. 019 006 nd nd nd nd nd 101.73 Ca; 6506903 60
4-1-6 nd. 58.12 4271 nd. nd. nd 004 020 0.04 nd nd nd nd nd 101.10 Ca; 5050700370
it
4-1-7 nd. 5787 4218 nd. nd. 003 nd 028 006 nd 004 nd 005 nd 100.50 Ca, 5550710371
6-1-1 nd. 58.17 41.78 nd. nd. 004 nd. 025 nd nd nd nd nd nd 10023 Ca; 5750710571
4-14  nd. 5892 4200 008 nd nd 002 052 007 nd nd 003 nd nd 10164 Ca, 5650710371
416 nd. 5792 4333 nd. nd 003 nd 028 004 nd 007 003 005 nd 10175 Ca, 6050700370
417 nd. 5652 4294 nd. nd. 003 002 023 nd nd nd 004 nd nd  99.78 Ca, 6150690369
418 nd. 5670 4463 007 nd 002 nd 024 008 nd. nd 003 004 005 101.85 Ca; 64506503 68
K,0 SO3 CaO BaO Tioz Na,O A1203 SrO MgO Sioz NiO FeO MnO Cr203
o PR
0.02 003 002 0.05 003 0.02 002 0.03 0.01 0.03 0.03 0.03 0.03 0.03

H: l‘ld?%dxaﬁﬁﬁﬁ °

NS SEE P IE (LY AT NS S = B A A D
UREA 7, FE R R/ INE /N T2 AR il i 2 B T A
A8 (K 3a), RUILBIEAFRT T — DR,
BT B4l i B, ST AR A B M D T — 4
BAg . e A S B . R 2R 2T I RE A
A T AAE GE B A BE, HALEE R T A RE AT, &
Y T AR A1 5 e T2 20 T 0 Al £ 5 4 T DL o
0 G A A R R A o 0 AR AR LB A O
VR0 1T B 2T 55 AL B A i AR B 36 A= (] 3d) .
TR RE U A A AR AR BE A AR R TOTE
B A SR AR A PP B I R 3 R R R
AR BB S A, T R I s 1 S A e DU ol i

UL A IR TERE AT SRR A R DB AR
INBFA™ SEERA AT BT S R YR 3 A (18] 3d) o

BAENEIENHMETRSE

B 7 1 i o7 3 e R B G 38 i e LR 1-
2. S EIIRE IX A B A AR A Y CaO. SOs T SrO
TR N 41.03%~ 45.47%. 55.43%~ 58.92% Fi
0.11%~0.62%( % 1) . B RIL A AIE . fhIE |
TSt R B AS T DR () 26 R T 6 A MgO(0.02%~
0.86%) F1 BaO(0.06%~0.11% ) &+ A4 25 1k, 78 Bl 73 341
W KT A Y 0 F R« A R SORLIR 2 A 1T g
£ ( MgO 0.02%~ 0.08%, BaO 0.07%~ 0.08%)

3.2



5435 5 5 W AR, A5 e 2 TR BB DX v BSE A Y A B R T £ 3K 2 A 7

®2 (£ LA-ICP-MS AT EEARXFR RI-H2 R ABHNNELZE
Table 2 Trace element concentrations of the anhydrite in sample R11-H2 from the Tangyin hydrothermal field

determined via LA-ICP-MS ug/g

JCE 4-1-1 412 4-13 414 4-1-5 4-1-6 417 6-1-1 F/AME EBOKME CF¥ME KIIR SRM610FHI{E  SRM610Z%{H  RE%
S¢ nd 156 146 nd nd nd nd nd 146 1.56 151 0721 441.20 441.00 0.05
Ti 667 300 841 334 457 123 341 164 457 164 537 0.891 439.66 434.00 1.31
V155 0.837 244 0501 0.199 0424 0509 240 0199 244 111 0.134 442.09 442.00 0.02
Cr 806 579 236 347 417 280 167 119 236 417 689  1.797 405.81 405.00 0.20
Fe 707 551 776 160 484 nd. 388 1760 160 1760 689  134.53 473.45 458.00 3.37
Mn 107 786 234 967 108 751 159 122 751 234 123 0.417 48527 485.00 0.06
Co nd. 0218 0217 nd 008 nd nd 0716 008 0716 0309 0.079 405.07 405.00 0.02
Ni 267 0658 274 nd 0357 131 125 528 0357 528 204 0314 458.80 458.70 0.02
Cu 588 548 840 413 980 478 567 928 413 98.0 66.8  0.614 430.15 430.00 0.04
Zn 107 164 464 925 826 100 328 411 925 464 208 2979 456.02 456.00 0.01
Ga 1.02 0396 165 0612 nd 0160 0261 181 0160 181 0843  0.115 438.07 438.00 0.02
Ge nd 0987 373 nd nd 167 nd 124 0987  3.73 191 0347 426.05 426.00 0.01
As nd. 925 270 255 585 268 126 103 255 27.0 100 0.991 317.06 317.00 0.02
Rb 961 417 136 409 0607 169 444 195 0.607 195 722 0.101 425.77 425.70 0.02
Sr 1785 1919 1372 1661 1708 1569 1778 1580 1372 1919 1671  0.048 515.58 515.50 0.02
Y 122 0341 167 0455 0.108 0237 0448 266 0.108 266 0893  0.016 450.10 450.00 0.02
Mo 0.137 0.050 0.087 nd. 0.034 0.117 0109 0.120 0.034 0.137  0.093  0.027 410.00 410.00 0.00
Ag 0755 115 117 0679 177 0403 1.08 426 0403 426 141 0.166 239.06 239.00 0.02
Cd 105 nd 0640 0.152 0208 0706 0913 185 0.152 185 0789  0.105 259.22 259.00 0.08
In 0020 nd nd nd nd nd 0046 0317 0020 0317 0.128 0.018 441.02 441.00 0.01
Sn nd. nd 285 176 290 226 492 458 176 4.92 321 0.797 396.01 396.00 0.00
Sb 328 143 243 124 335 145 175 665 3.8 33.5 158 0.063 369.05 369.00 0.01
Ba 164 97.1 136 149 193 766 123 177  76.6 193 139 0219 435.01 435.00 0.00
La 290 151 417 144 0701 0731 1.64 631 0701 631 243 0.009 457.02 457.00 0.00
Ce 867 412 124 448 0968 175 460 188 0968  18.8 697  0.007 448.02 448.00 0.01
Pr 0420 0281 0.610 0218 0.078 0.101 0340 0946 0.078 0946 0374  0.004 430.07 430.00 0.02
Nd 111 0933 265 0816 0258 0510 0868 3.45 0258 345 132 0022 431.01 431.00 0.00
Sm nd 0070 0.824 nd. 0076 0.114 0310 0.591 0.070 0.824 0331  0.009 451.16 451.00 0.04
Eu 0.091 0019 0068 nd 0088 0046 0048 0.115 0019 0.115 0.068 0.018 461.03 461.00 0.01
Gd 0246 0210 0.432 0.157 0.021 0.049 0.113 0434 0.021 0434 0208 0.010 44401 444.00 0.00
Tb  0.025 nd. 0028 0023 0010 nd 0006 0.084 0006 0.084 0.029 0.006 443.02 443.00 0.00
Dy 0224 0200 0427 0.134 0.039 0.044 0023 0438 0.023 0438 0191  0.012 427.01 427.00 0.00
Ho 0.082 0.018 0.058 nd. 0010 nd. 0029 0078 0.010 0.082 0.046  0.006 449.00 449.00 0.00
Er  0.104 0.025 0.135 0.105 0.018 0.051 0.063 0.183 0.018 0.183  0.085 0016 426.04 426.00 0.01
Tm nd nd nd nd nd nd nd 0040 0040 0040 0.040  0.035 420.02 420.00 0.00
Yb nd. 0077 0.191 0081 nd 0016 nd 0138 0016 0.191 0101  0.010 445.05 445.00 0.01
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TLE 4-1-1 4-12 413 4-1-4 4-1-5 4-1-6 4-1-7 6-1-1 I/ME RKME FHE BINKR SRM610FIE SRM610Z%{H RE%
Lu 0040 nd. 0023 nd nd nd 0021 nd 0021 0040 0.028 0.006 435.08 435.00 0.02
Au 0036 0066 nd. 004 nd nd nd nd 003 0066 0048 0.025 23.01 23.00 0.04
Tl 0.134 0098 0.133 nd. nd nd 0116 nd 0098 0134 0121 0.086 61.01 61.00 0.02
Pb 145 318 505 136 375 278 401 340 136 505 312 0.120 426.00 426.00 0.00
Bi 0043 nd. 0098 nd. 0010 0021 nd. 0141 0010 0.141 0.063 0.010 358.02 358.00 0.01
Th 0.657 0291 101 0332 0.045 0.101 0301 123 0045 123 0496 0011 45721 457.20 0.00
U 0231 0367 0983 0.145 0.079 0.071 0452 0.623 0.071 0983 0369 0.003 461.55 461.50 0.01
YREEs 139 746 220 746 227 341 806 316 227 316 120

LREE/HREE 183 13.1 160 139 221 204 307 217 131 307 195

Lacy/Lucy 780 nd. 198 nd  nd  nd 834 nd 780 198 120
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Fig.5 EPMA back-scattered electron images of anhydrite from the Tangyin hydrothermal field in the Okinawa Trough

An: anhydrite.
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Fig.6 Major element compositions of anhydrite samples from the Tangyin hydrothermal field in the Okinawa Trough
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Fig.7 Trace element compositions of anhydrite samples from the Tangyin hydrothermal field in the Okinawa Trough

Data of seawater and vent fluid are from references [81] and [82], respectively.
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Normalized data are from [82], data of seawater, vent fluid, and igneous

rock are from references. [81, 84, 42, 36], and [85], respectively.

&3 £/ LA-MC-ICP-MS 43 # /& EN & X # f& R11-H2
BEABHREGRER
Table 3  Sulfur isotopic compositions of the anhydrite crystals in
sample R11-H2 from the Tangyin hydrothermal field determined
by LA-MC-ICP-MS

MIEFWE ] 5*S,.cpt/%o0 2SE
4-1-1 WaE 20.08 0.31
4-1-2 WaE 18.32 0.82
4-1-3 WaE 20.26 0.42
4-1-4 WaE 19.82 0.28

igﬁwgﬁ IR 26.36 0.29

P AIR G IFEIR S T 150°C )5 S8 7 iliaH
FER KA T B TTUE, FLIS TRDRE % B A 7 2 PO
3 ek 55 390 6] R ACHE K 5 IR AR TR A
HE—25, R EN IR X i 28 TR A, LR
FIE ST | bR B AR (4 fi i 4R G 14 (5] 5a)
W FLJR M K — U PR VR A5 0 ) i A Dt v 20 1y 285
FEENPGRIX PR Y Ag 5 5(0.403~4.26 pg/g)
(3 2K T KPUPEVE 4 Rainbow A3 X (200 pg/g) |
T 1 22 A R VR (400~ 700 pg/g) I 22 84 - v
A Endeavour B (<400 pg/g) " AE A & BY &5 2 B2 75,

HAFES RII-H2 R A Ag &5 Bi g m 2 IE
MHRIKZR(E 9) o AU, AT Ag i it
o T HE K (B 7)), 3 A A 3 e AR TR (< 150°C) 1%
B, L A T R R Ag 1 — NI TE IR,
IR T Ag 10 E R ALE, K Ag i Z ) IR
(FEU . LR | B IR S ) I AR5 2 4%, A,
JE A DX R A A 9 Bi( 0.010~ 0.141 pg/g) .
T1(0.098~0.134 ug/g) Fl Sb(3.28~33.5 pg/g) & & &
A, 33X 3R IR R A R DT UE S0 TR A A4 1) 1k 2 2
i 25 B 1] 1T A8, ELH: Bi 1 Sb 2 i I W T b 4
Vi % 197 4 (Bi = 0.000647 pg/g) © FlifE K (Bi =
0.00002 pg/g, Sb = 0.0033 pg/g) *I(E 7)., Ak,
B AR DX AR A A B T SR LAY BiL T1AN Sb 7% H BRI,
AT BE A 7 SR S i R B B, iR S i KR
AT PR A 5 B A R OB R 4 R (3R 2,
Kl 7).

42 TUHREEESE. CeMEuFEMWREUR
REEs H3kiE

A FF Y REEs(2.27~31.6 png/g) AR LI (35 2),
HHAME S Cal S A A, W /R I8 WAl A 5
FR) AR B A %5 K Y Y REEs 28 A6 95 il (> 150°C )
T JH EN#AGR X, A 1 B () LREEs Ml HREEs 2 [f] 1)
A EA 8K AS i [l (3% 2), H LREE/HREE
1 fe R 3A 30.7(RE A R11-H2, # 4-1-7, %6 2), /NN
13.1(kE 5y R11-H2, 5 4-1-2, % 2) . Ak, REEs &K
(B 242, X T e AR B 7= A T I i i ),
AR 65 A7 8 P Ca®* (100 pm) 1 La®* (103.2 pm)

0.16
0.14 +
0.12 A
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0.08
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0.04 p=0.153, R=0.548
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Fig.9 Correlation between Ag and Bi in anhydrite from the
Tangyin hydrothermal field in the Okinawa Trough
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REEs ¥ #, Eu 5+ % A & LREEs [ M1 % & 4&, 5 &
B AE 7 B A A4 REEs LA S B A7 85 1Y) A R Ak 24 R AE
X,

43 WAEPEAKIE

TE 1 1A JEG B Ak 90 /5 T %) AR T S 4R v 1
H,S B A 1.5%0 ~ 7 %0 1) 84S {H 7, Hivk 78 X ik A
(+0.1%o0 = 0.5%o; """ FNEEZK (+2 1%o0; ') 1Y 5%S fHZ.
(], 8T 90 G TV A 20 AR T P P SR T

L JHI 7 o 208 Y6 1 v B R 1 B 40 A ) TR OIS PR
T 8h, HALF oA LR g L DT 2R s
ORI A BRI B BRBE L v 4 00 R A T
FHARARH YRR, H SO, FITH,S 73 HIEA 20.6%0~25. %0
F1—0.2%0 ~ 12%0 4] §S B[S 54555782 111 113,90, 115-116] | pig.
B[ B X B A B 8S M B /D Y 28 Ak TS
(18.32%0~20.26%0, 3 3. &1 8), H: & 78 ¥ /K Fl 5§
FTAR R S04 (20.6%0~25.7%0) 51 F1 4K FR H,LS
(=0.2%0~12%0) . Z 7 (+0.1%o0 £ 0.5%o0; 1) L)
K B R 8 91 2 (7.0 %0%1.9 %0 ) ~ (12.9 %ot
2.1%0 ) 1y 84S fH 22 1] .

JRE B BRI DX R A Y B TR] 07 3R 2 R B,
B ok 1 IS 0 A R 7K SO, 5 AR i HoS /9 5T
Wik, FLAERE A B Y e B v 22 21 T W T A A K
H SO 5% 1 AR H,S TR A A5, A ) 52 1y
mF:

3Ca”*(aq) + SO (aq) + 2H2S(aq) + 50,(aq) —

3CaS04(s) +2H,0(aq)

WA, FiER R DX — A B A R 1Y 8%S A
& 20.26%0, L5 R A T SO, (20.6%0~25.7%0)
IV KB R ER (+21%o0; 1'30) Y 6%*S {H — 2K, W% Al
A TR R B K 5 mE AR T SO TR A A
B, B — 2P UESE TR B K PR A A HE LA
AVF T UL R K AT R AR

— ™ TR B4 R s TG TR A R

34g . _ 34 _ 34 .
07" Smix=Xxb Sﬂuid SO%’ and seawatcr+(1 X)x 5 Stuid HyS

Hodr, X 48 WK AL K T SO i 5 8Shiee
63‘4Sfluid SO+ and seawater (26%0) #l 834Sﬂuid H2S (—0.2%o) é:}.
FURFE WA E WA S KRS G SO& LA K4



12 YRR M J5 5 56 D0 20 b TR

2023 4F 10 H

o H,S 1Y 84S fH -

I 1 ) 57 2% 9 i G R A A X AT LA ik B R
IR DX R S B 0% A TR A7 3R 2 A VA K R A R
SO (2 71.2% ~78.7%, V-3 76%, n = 4) 5 Wt 11 i
A H,S(2 21.3%0~28.8%, V14 24%, n = 4) iR
A, ELRH EPHGR DX i A R R A
FRRTIE F1 A e SO, BT ik A% B3 22 5 T 1 11 3 4K
H,S BTk 1Bt

(1) 7 B ED SR X AP A A 8 1 58 1 0 1 AR )
BE, 5/ R INBEDT A R R
fl S RE AR LA, HLELAT B RROR R A 28, A2k A
ARG A RN S WIUR /N RS = TR LN e N
AN TEIE L RN R ST LN

(DA Ag 5 BI R IEM KKK, H A
Y REEs 7% 1k {5 [l K 5 LREEs #H %} & 4E i 45 1F, H
H REE BRoRL B A Fs o AL TE 20 5 X S B0 | 559 31,
S 11 1 Eu Ml Ce % . Hovp, i 41 H A7 LREEs A
Xof A R 5 PR TR AR ) — 3K, R B A R
REEs ¥ H #R i #4, H: LREE/HREE FC (B 4k 7K T #4
W AR B A, B 4 7 % REE % & & REE BRA7 B3
A AR AR B 0 B 2 5 B A T 1 S AR SRR R A G,
2 ) T AR 0 ) B Ak A4 % J5ORT REE MR B, WA
FEIK R A L AR 5 8 A A/s TR A B AR
FHIZEG 5

(3) itk — 2, W Wik~ DL SR AR (1) REE 41
PR M5 A7 7 REE fL~A4RE R BN K, HA
1E Eu 58 B RE A7 7 R AE il . R M s DU A A
5=y, i H 55 2 I8 (Bw/Eu*)ey = 1.00) 5% 1
((Bw/Eu*)cn<<0.90) Eu 5 9 B A7 8 D)2 7 0O
5 AR A 5 M BB Bu & & BRR R
W T =8, NI, 688 Bu 5% 50T 2L
FH T 7 B BB K 1Y REE 5 AE F1H I 3E I A% 7 4
LR, BN, S B AR DX A Y I Bu S E 3
HIE T =57 (>300°C) BR M (pH<<3.6) B it A& H

(4) B A7 785 R 8 3 T 57 28 20 1 -5 98 K RN 11
A SOZ 1Y AH I, HCBR 2 it A4 A 7K v SO, B i
5 HS P H IR RS R, B AR SO
TUBR AR o5 TR HA

Bigt: A HOBAB 4 AU R A1 “H 37 5 A
SRR A HE S R EFTAE 09 TR A B, R H
FAFpBER O ETEL,

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

£ 3Lk (References)

Zeng Z G, Qin Y S, Zhai S K. He, Ne and Ar isotope compositions of
fluid inclusions in hydrothermal sulfides from the TAG hydrothermal
field Mid-Atlantic Ridge[J]. Science in China Series D: Earth Sci-
ences, 2001, 44(3): 221-228.

Zeng Z G, Chen D G, Yin X B, et al. Elemental and isotopic compos-
itions of the hydrothermal sulfide on the east Pacific rise near
13°N[J]. Science China Earth Sciences, 2010, 53(2): 253-266.

Zeng Z G, Chen S, Selby D, et al. Rhenium-osmium abundance and
isotopic compositions of massive sulfides from modern deep-sea hy-
drothermal systems: Implications for vent associated ore forming pro-
cesses[J]. Earth and Planetary Science Letters, 2014, 396: 223-234.
Zeng Z G, Ma Y, Yin X B, et al. Factors affecting the rare earth ele-
ment compositions in massive sulfides from deep-sea hydrothermal
systems[J]. Geochemistry, Geophysics, Geosystems, 2015, 16(8):
2679-2693.

Zeng Z G, Niedermann S, Chen S, et al. Noble gases in sulfide depos-
its of modern deep-sea hydrothermal systems: implications for heat
fluxes and hydrothermal fluid processes[J]. Chemical Geology, 2015,
409: 1-11.

Zeng Z G, Li X H, Chen S, et al. Iron, copper, and zinc isotopic frac-
tionation in seafloor basalts and hydrothermal sulfides[J]. Marine
Geology, 2021, 436: 106491.

Zeng Z G, Chen Z X, Qi H'Y, et al. Chemical and isotopic composi-
tion of sulfide minerals from the Noho hydrothermal field in the Ok-
inawa Trough[J]. Journal of Marine Science and Engineering, 2022,
10(5): 678.

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

Zeng Z G, Chen Z X, Qi HY. Two processes of anglesite formation
and a model of secondary supergene enrichment of Bi and Ag in sea-
floor hydrothermal sulfide deposits[J]. Journal of Marine Science and
Engineering, 2022, 10(1): 35.

Zeng Z G, Wang X Y, Chen C T A, et al. Boron isotope composi-
tions of fluids and plumes from the Kueishantao hydrothermal field
off northeastern Taiwan: implications for fluid origin and hydro-
thermal processes[J]. Marine Chemistry, 2013, 157: 59-66.

Zeng Z G, Wang X Y, Qi HY, et al. Arsenic and antimony in hydro-
thermal plumes from the eastern Manus Basin, Papua New Guinea[J].
Geofluids, 2018, 2018: 6079586.

Zeng Z G, Wang X Y, Murton B J, et al. Dispersion and intersection
of hydrothermal plumes in the Manus back-arc basin, western
Pacific[J]. Geofluids, 2020, 2020: 4260806.

Rong K B, Zeng Z G, Yin X B, et al. Smectite formation in metalli-
ferous sediments near the east Pacific rise at 13°N[J]. Acta Oceanolo-
gica Sinica, 2018, 37(9): 67-81.

Zeng Z G, Wang X Y, Zhang G L, et al. Formation of Fe-oxyhydrox-
ides from the east Pacific rise near latitude 13°N: evidence from min-

eralogical and geochemical data[J]. Science in China Series D: Earth


https://doi.org/10.1007/BF02882256
https://doi.org/10.1007/BF02882256
https://doi.org/10.1007/BF02882256
https://doi.org/10.1007/s11430-010-0013-3
https://doi.org/10.1016/j.epsl.2014.04.017
https://doi.org/10.1002/2015GC005812
https://doi.org/10.1016/j.chemgeo.2015.05.007
https://doi.org/10.1016/j.margeo.2021.106491
https://doi.org/10.1016/j.margeo.2021.106491
https://doi.org/10.3390/jmse10050678
https://doi.org/10.1016/j.oregeorev.2016.10.014
https://doi.org/10.1016/j.oregeorev.2016.10.014
https://doi.org/10.1016/j.oregeorev.2016.10.014
https://doi.org/10.1016/j.marchem.2013.09.001
https://doi.org/10.1007/s13131-018-1265-6
https://doi.org/10.1007/s13131-018-1265-6
https://doi.org/10.1007/s13131-018-1265-6
https://doi.org/10.1007/s11430-007-0131-8

HA3EE S

W AR, A5 e 2 TR BB DX v BSE A Y A B R T £ 3K 2 A 13

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Sciences, 2008, 51(2): 206-215.

Zeng Z G, Ouyang H G, Yin X B, et al. Formation of Fe-Si-Mn oxy-
hydroxides at the PACMANUS hydrothermal field, Eastern Manus
Basin: mineralogical and geochemical evidence[J]. Journal of Asian
Earth Sciences, 2012, 60: 130-146.

Zeng Z G, Chen S, Wang X Y, et al. Mineralogical and micromor-
phological characteristics of Si-Fe-Mn oxyhydroxides from the PAC-
MANUS hydrothermal field, eastern Manus Basin[J]. Science China
Earth Sciences, 2012, 55(12): 2039-2048.

Zeng Z G, Qi HY, Chen S, et al. Hydrothermal alteration of plagio-
clase microphenocrysts and glass in basalts from the east Pacific rise
near 13°N: an SEM-EDS study[J]. Science China Earth Sciences,
2014, 57(7): 1427-1437.

Wang XY, Zeng Z G, Qi HY, et al. Fe-Si-Mn-oxyhydroxide encrust-
ations on basalts at east Pacific rise near 13°N: an SEM-EDS study[J].
Journal of Ocean University of China, 2014, 13(6): 917-925.

Huang X, Zeng Z G, Chen S, et al. Component characteristics of or-
ganic matter in hydrothermal barnacle shells from southwest Indian
Ridge[J]. Acta Oceanologica Sinica, 2013, 32(12): 60-67.

Chen J B, Zeng Z G. Metasomatism of the peridotites from southern
Mariana fore-arc: trace element characteristics of clinopyroxene and
amphibole[J]. Science in China Series D: Earth Sciences, 2007, 50(7):
1005-1012.

Wang X M, Zeng Z G, Chen J B. Serpentinization of peridotites from
the southern Mariana forearc[J]. Progress in Natural Science, 2009,
19(10): 1287-1295.

Zeng Z G, Wang Q Y, Wang X M, et al. Geochemistry of abyssal
peridotites from the super slow-spreading southwest Indian Ridge
near 65°E: implications for magma source and seawater alteration[J].
Journal of Earth System Science, 2012, 121(5): 1317-1336.

Zeng Z G, Li X H, Zhang Y X, et al. Lithium, oxygen and magnesi-
um isotope systematics of volcanic rocks in the Okinawa Trough: im-
plications for plate subduction studies[J]. Journal of Marine Science
and Engineering, 2022, 10(1): 40.

Zeng Z G, Li X H, Chen S, et al. Iron-copper-zinc isotopic composi-
tions of Andesites from the Kueishantao hydrothermal field off north-
eastern Taiwan[J]. Sustainability, 2022, 14(1): 359.

Zeng Z G, Chen Z X, Zhang Y X, et al. Geological, physical, and
chemical characteristics of seafloor hydrothermal vent fields[J].
Journal of Oceanology and Limnology, 2020, 38(4): 985-1007.
Haymon R M. Growth history of hydrothermal black smoker chim-
neys[J]. Nature, 1983, 301(5902): 695-698.

Tivey M K. Modeling chimney growth and associated fluid flow at
seafloor hydrothermal vent sites[M]//Humphris S E, Zierenberg R A,
Mullineaux L S, et al. Seafloor Hydrothermal Systems: Physical,
Chemical, Biological, and Geological Interactions. Washington:
American Geophysical Union, 1995: 158-177.

Binns R A. Bikpela: a large siliceous chimney from the PAC-
MANUS hydrothermal field, Manus Basin, Papua New Guinea[J].
Economic Geology, 2014, 109(8): 2243-2259.

Chiba H, Uchiyama N, Teagle D A H. 1998. Stable isotope study of
anhydrite and sulfide minerals at the TAG hydrothermal mound, Mid-

[30]

(31]

[32]

[33]

(34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

[43]

Atlantic Ridge, 26°N[C]//Proceedings of the Ocean Drilling Program,
Mid-Atlantic Ridge. St. John: Texas A&M University, 1998: 85-90.
Juniper S K, Martineu P. Alvinellids and sulfides at hydrothermal
vents of the Eastern Pacific: a review[J]. American Zoologist, 1995,
35(2): 174-185.

Haymon R M, Kastner M. Hot spring deposits on the east Pacific rise
at 21°N: preliminary description of mineralogy and genesis[J]. Earth
and Planetary Science Letters, 1981, 53(3): 363-381.

Paradis S, Jonasson I R, Le Cheminant G M, et al. Two zinc-rich
chimneys from the plume site, southern Juan de Fuca[J]. The Cana-
dian Mineralogist, 1988, 26(3): 637-654.

Huang X, Chen S, Zeng Z G, et al. Characteristics of hydrocarbons in
sediment core samples from the northern Okinawa Trough[J]. Marine
Pollution Bulletin, 2017, 115(1-2): 507-514.

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

Guo K, Zhai S K, Wang X Y, et al. The dynamics of the southern Ok-
inawa Trough magmatic system: new insights from the microanalysis
of the an contents, trace element concentrations and Sr isotopic com-
positions of plagioclase hosted in basalts and silicic rocks[J]. Chemic-
al Geology, 2018, 497: 146-161.

Guo K, Zhai S K, Yu Z H, et al. Geochemical characteristics of ma-
jor and trace elements in the Okinawa Trough basaltic glass[J]. Acta
Oceanologica Sinica, 2018, 37(2): 14-24.

Chen Z X, Zeng Z G, Wang X Y, et al. Mineral chemistry indicates
the petrogenesis of rhyolite from the southwestern Okinawa
Trough[J]. Journal of Ocean University of China, 2017, 16(6): 1097-
1108.

Chen Z X, Zeng Z G, Wang X Y, et al. U-Th/He dating and chemical
compositions of apatite in the Dacite from the southwestern Okinawa
Trough: implications for petrogenesis[J]. Journal of Asian Earth Sci-
ences, 2018, 161: 1-13.

Chen Z X, Zeng Z G, Yin X B, et al. Petrogenesis of highly fraction-
ated rhyolites in the southwestern Okinawa Trough: constraints from
whole-rock geochemistry data and Sr-Nd-Pb-O isotopes[J]. Geologic-
al Journal, 2019, 54(1): 316-332.

Zhang Y X, Zeng Z G, Li X H, et al. High - potassium volcanic rocks
from the Okinawa Trough: implications for a cryptic potassium-rich
and DUPAL-like source[J]. Geological Journal, 2018, 53(5): 1755-
1766.

Zhang Y X, Zeng Z G, Chen S, et al. New insights into the origin of
the bimodal volcanism in the middle Okinawa Trough: not a basalt-
rhyolite differentiation process[J]. Frontiers of Earth Science, 2018,
12(2): 325-338.

Li X H, Zeng Z G, Chen S, et al. Geochemical and Sr-Nd-Pb isotopic
compositions of volcanic rocks from the Theya Ridge, the middle Ok-
inawa Trough: implications for petrogenesis and a mantle source[J].
Acta Oceanologica Sinica, 2018, 37(1): 73-88.

Li X H, Zeng Z G, Wang X Y, et al. Petrogenesis of basalt from the

middle Okinawa Trough: new insights from olivine-hosted melt in-


https://doi.org/10.1007/s11430-007-0131-8
https://doi.org/10.1016/j.jseaes.2012.08.009
https://doi.org/10.1016/j.jseaes.2012.08.009
https://doi.org/10.1007/s11430-012-4536-7
https://doi.org/10.1007/s11430-012-4536-7
https://doi.org/10.1007/s11430-014-4868-6
https://doi.org/10.1007/s11802-014-2358-2
https://doi.org/10.1007/s13131-013-0388-z
https://doi.org/10.1007/s11430-007-0023-y
https://doi.org/10.1016/j.pnsc.2009.04.004
https://doi.org/10.1007/s12040-012-0229-z
https://doi.org/10.1007/s00343-020-0123-5
https://doi.org/10.1038/301695a0
https://doi.org/10.2113/econgeo.109.8.2243
https://doi.org/10.1093/icb/35.2.174
https://doi.org/10.1016/0012-821X(81)90041-8
https://doi.org/10.1016/0012-821X(81)90041-8
https://doi.org/10.1016/j.marpolbul.2016.12.034
https://doi.org/10.1016/j.marpolbul.2016.12.034
https://doi.org/10.1007/s13131-010-0050-y
https://doi.org/10.1016/j.chemgeo.2018.09.002
https://doi.org/10.1016/j.chemgeo.2018.09.002
https://doi.org/10.1007/s13131-017-1075-2
https://doi.org/10.1007/s13131-017-1075-2
https://doi.org/10.1007/s11802-017-3344-2
https://doi.org/10.1016/j.jseaes.2018.04.032
https://doi.org/10.1016/j.jseaes.2018.04.032
https://doi.org/10.1016/j.jseaes.2018.04.032
https://doi.org/10.1002/gj.3179
https://doi.org/10.1002/gj.3179
https://doi.org/10.1002/gj.3000
https://doi.org/10.1007/s11707-017-0638-z
https://doi.org/10.1007/s13131-017-1118-8

14

T M S5 5 1 20 M S

2023 4F 10 H

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

clusions[J]. Geological Journal, 2018, 53(6): 3129-3146.

Guo K, Zeng Z G, Chen S, et al. The influence of a subduction com-
ponent on magmatism in the Okinawa Trough: evidence from thori-
um and related trace element ratios[J]. Journal of Asian Earth Sci-
ences, 2017, 145: 205-216.

Li X H, Zeng Z G, Yang H X, et al. Geochemistry of silicate melt in-
clusions in middle and southern Okinawa Trough rocks: implications
for petrogenesis and variable subducted sediment component injec-
tion[J]. Geological Journal, 2019, 54(3): 1160-1189.

Li X H, Zeng Z G, Yang H X, et al. Integrated major and trace ele-
ment study of clinopyroxene in basic, intermediate and acidic volcan-
ic rocks from the middle Okinawa Trough: Insights into petrogenesis
and the influence of subduction component[J]. Lithos, 2020, 352-353:
105320.

Zeng Z G, Chen Z X, Zhang Y X. Zircon record of an Archaean
crustal fragment and supercontinent amalgamation in Quaternary
back-arc volcanic rocks[J]. Scientific Reports, 2021, 11(1): 12367.
Kimura M. Back-arc rifting in the Okinawa Trough[J]. Marine and
Petroleum Geology, 1985, 2(3): 222-240.

Ishibashi J I, Tkegami F, Tsuji T, et al. Hydrothermal activity in the
Okinawa Trough back-arc basin: geological background and hydro-
thermal mineralization[M]//Ishibashi J I, Okino K, Sunamura M. Sub-
seafloor Biosphere Linked to Hydrothermal Systems: TAIGA
Concept. Tokyo: Springer, 2015: 337-359.

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.

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.

Zeng Z G, Ma Y, Wang X Y, et al. Elemental compositions of crab
and snail shells from the Kueishantao hydrothermal field in the south-
western Okinawa Trough[J]. Journal of Marine Systems, 2018, 180:
90-101.

Kawagucci S, Ueno Y, Takai K, et al. Geochemical origin of hydro-
thermal fluid methane in sediment-associated fields and its relevance
to the geographical distribution of whole hydrothermal circulation[J].
Chemical Geology, 2013, 339: 213-225.

Nakagawa S, Takai K, Inagaki F, et al. Variability in microbial com-
munity and venting chemistry in a sediment-hosted backarc hydro-
thermal system: impacts of subseafloor phase-separation[J]. FEMS
Microbiology Ecology, 2005, 54(1): 141-155.

Kawagucci S, Chiba H, Ishibashi J I, et al. Hydrothermal fluid geo-
chemistry at the Theya north field in the mid-Okinawa Trough: im-
plication for origin of methane in subseafloor fluid circulation sys-
tems[J]. Geochemical Journal, 2011, 45(2): 109-124.

Kawagucci S, Miyazaki J, Nakajima R, et al. Post-drilling changes in
fluid discharge pattern, mineral deposition, and fluid chemistry in the
Theya north hydrothermal field, Okinawa Trough[J]. Geochemistry,
Geophysics, Geosystems, 2013, 14(11): 4774-4790.

Kawagucci S. Fluid geochemistry of high-temperature hydrothermal

(58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

fields in the Okinawa Trough[M]//Ishibashi J I, Okino K, Sunamura
M. Subseafloor Biosphere Linked to Hydrothermal Systems: TAIGA
Concept. Tokyo: Springer, 2015: 387-403.

Sakai H, Gamo T, Kim E S, et al. Unique chemistry of the hydro-
thermal solution in the mid-Okinawa Trough backarc basin[J]. Geo-
physical Research Letters, 1990, 17(12): 2133-2136.

Ishibashi J, Sano Y, Wakita H, et al. Helium and carbon geochem-
istry of hydrothermal fluids from the Mid-Okinawa Trough back arc
basin, southwest of Japan[J]. Chemical Geology, 1995, 123(1-4): 1-
15.

Zeng Z G, Qin Y S, Zhai S K. Helium, neon and argon isotope com-
positions of fluid inclusions in massive sulfides from the Jade hydro-
thermal field, the Okinawa Trough[J]. Acta Oceanologica Sinica,
2004, 23(4): 655-661.

Zeng Z G, Yu S X, Yin X B, et al. Element enrichment and U-series
isotopic characteristics of the hydrothermal sulfides at Jade site in the
Okinawa Trough[J]. Science in China Series D: Earth Sciences, 2009,
52(7): 913-924.

Ishibashi J I, Noguchi T, Toki T, et al. Diversity of fluid geochem-
istry affected by processes during fluid upwelling in active hydro-
thermal fields in the Izena Hole, the middle Okinawa Trough back-arc
basin[J]. Geochemical Journal, 2014, 48(4): 357-369.

Watanabe M, Hoshino K, Shiokawa R, et al. Metallic mineralization
associated with pillow basalts in the Yaeyama Central Graben, south-
ern Okinawa Trough, Japan[J]. JAMSTEC Report of Research and
Development, 2006, 3: 1-8.

Fukuba T, Noguchi T, Fujii T. The Irabu Knoll: hydrothermal site at
the eastern edge of the Yaeyama graben[M]//Ishibashi J I, Okino K,
Sunamura M. Subseafloor Biosphere Linked to Hydrothermal Sys-
tems: TAIGA Concept. Tokyo: Springer, 2015: 493-496.

Kawagucci S, Toki T, Ishibashi J, et al. Isotopic variation of molecu-
lar hydrogen in 20°-375°C hydrothermal fluids as detected by a new
analytical method[J]. Journal of Geophysical Research:
Biogeosciences, 2010, 115(G3): G03021.

Kishida K, Sohrin Y, Okamura K, et al. Tungsten enriched in submar-
ine hydrothermal fluids[J]. Earth and Planetary Science Letters, 2004,
222(3-4): 819-827.

Konno U, Tsunogai U, Nakagawa F, et al. Liquid CO, venting on the
seafloor: Yonaguni knoll IV hydrothermal system, Okinawa
Trough[J]. Geophysical Research Letters, 2006, 33(16): L16607.
Suzuki R, Ishibashi J I, Nakaseama M, et al. Diverse range of miner-
alization 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.
Wang X Y, Zeng Z G, Chen S, et al. Rare earth elements in hydro-
thermal fluids from Kueishantao, off northeastern Taiwan: Indicators
of shallow-water, sub-seafloor hydrothermal processes[J]. Chinese
Science Bulletin, 2013, 58(32): 4012-4020.

Zeng Z G, Liu C H, Chen C A, et al. Origin of a native sulfur chim-
ney in the Kueishantao hydrothermal field, offshore northeast
Taiwan[J]. Science in China Series D: Earth Sciences, 2007, 50(11):
1746-1753.


https://doi.org/10.1002/gj.3150
https://doi.org/10.1016/j.jseaes.2017.05.033
https://doi.org/10.1016/j.jseaes.2017.05.033
https://doi.org/10.1016/j.jseaes.2017.05.033
https://doi.org/10.1002/gj.3217
https://doi.org/10.1016/j.lithos.2019.105320
https://doi.org/10.1038/s41598-021-90578-9
https://doi.org/10.1016/0264-8172(85)90012-1
https://doi.org/10.1016/0264-8172(85)90012-1
https://doi.org/10.1029/98JB01823
https://doi.org/10.1029/98JB01823
https://doi.org/10.1029/98JB01823
https://doi.org/10.1016/j.oregeorev.2016.09.015
https://doi.org/10.1016/j.jmarsys.2016.08.012
https://doi.org/10.1016/j.chemgeo.2012.05.003
https://doi.org/10.1016/j.femsec.2005.03.007
https://doi.org/10.1016/j.femsec.2005.03.007
https://doi.org/10.2343/geochemj.1.0105
https://doi.org/10.1002/2013GC004895
https://doi.org/10.1002/2013GC004895
https://doi.org/10.1029/GL017i012p02133
https://doi.org/10.1029/GL017i012p02133
https://doi.org/10.1016/0009-2541(95)00051-M
https://doi.org/10.1007/s11430-009-0107-y
https://doi.org/10.2343/geochemj.2.0311
https://doi.org/10.5918/jamstecr.3.1
https://doi.org/10.5918/jamstecr.3.1
https://doi.org/10.1016/j.epsl.2004.03.034
https://doi.org/10.1029/2006GL026115
https://doi.org/10.1111/j.1751-3928.2008.00061.x
https://doi.org/10.1007/s11434-013-5849-4
https://doi.org/10.1007/s11434-013-5849-4
https://doi.org/10.1007/s11430-007-0092-y

HA3EE S

W AR, A5 e 2 TR BB DX v BSE A Y A B R T £ 3K 2 A 15

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]
[82]

[83]

[84]

[85]

Zeng Z G, Chen C T A, Yin X B, et al. Origin of native sulfur ball
from the Kueishantao hydrothermal field offshore northeast Taiwan:
evidence from trace and rare earth element composition[J]. Journal of
Asian Earth Sciences, 2011, 40(2): 661-671.

Zhang Y X, Zeng Z G, Yin X B, et al. Petrology and mineralogy of
pumice from the Theya North Knoll, Okinawa Trough: implications
for the differentiation of crystal - poor and volatile-rich melts in the
magma chamber[J]. Geological Journal, 2018, 53(6): 2732-2745.
Zeng Z G, Wang X Y, Chen C T A, et al. Understanding the composi-
tional variability of the major components of hydrothermal plumes in
the Okinawa Trough[J]. Geofluids, 2018, 2018: 1536352.

Liu Y S, Hu Z C, Gao S, et al. In situ analysis of major and trace ele-
ments of anhydrous minerals by LA-ICP-MS without applying an in-
ternal standard[J]. Chemical Geology, 2008, 257(1-2): 34-43.

Liu Y S, Zong K Q, Kelemen P B, et al. Geochemistry and magmatic
history of eclogites and ultramafic rocks from the Chinese continent-
al scientific drill hole: subduction and ultrahigh-pressure metamorph-
ism of lower crustal cumulates[J]. Chemical Geology, 2008, 247(1-2):
133-153.

Sun S S, McDonough W F. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and
processes[J]. Geological Society, London, Special Publications, 1989,
42(1): 313-345.

Bao Z A, Chen L, Zong C L, et al. Development of pressed sulfide
powder tablets for in situ sulfur and lead isotope measurement using
LA-MC-ICP-MS[J]. International Journal of Mass Spectrometry,
2017, 421: 255-262.

Chen L, Chen K Y, Bao Z A, et al. Preparation of standards for in situ
sulfur isotope measurement in sulfides using femtosecond laser abla-
tion MC-ICP-MS[J]. Journal of Analytical Atomic Spectrometry,
2017, 32(1): 107-116.

Chen K'Y, Bao Z A, Liang P, et al. Preparation of sulfur-bearing ref-
erence materials for in situ sulfur isotope measurements using laser
ablation multicollector inductively coupled plasma-mass spectro-
metry[J]. Spectrochimica Acta Part B: Atomic Spectroscopy, 2022,
188: 106344.

Yuan H L, Liu X, Chen L, et al. Simultaneous measurement of sulfur
and lead isotopes in sulfides using nanosecond laser ablation coupled
with two multi-collector inductively coupled plasma mass spectro-
meters[J]. Journal of Asian Earth Sciences, 2018, 154: 386-396.
Turekian K K. Oceans[M]. Englewood Cliffs: Prentice-Hall, 1968.
Ishibashi J I, Urabe T. Hydrothermal activity related to arc-back mag-
matism in the western Pacific[M]//Taylor B. Backarc Basins: Tecton-
ics and Magmatism. New York: Springer, 1995: 451-495.

Baker E T, Massoth G J, Collier R W, et al. Evidence for high-tem-
perature hydrothermal venting on the Gorda Ridge, northeast Pacific
Ocean[J]. Deep Sea Research Part A. Oceanographic Research Pa-
pers, 1987, 34(8): 1461-1476.

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.

Shu Y C, Nielsen S G, Zeng Z G, et al. Tracing subducted sediment

(86]

(871

[88]

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

inputs to the Ryukyu arc-Okinawa Trough system: evidence from
thallium isotopes[J]. Geochimica et Cosmochimica Acta, 2017, 217:
462-491.

Yeats C J, Hollis S P, Halfpenny A, et al. Actively forming Kuroko-
type volcanic-hosted massive sulfide (VHMS) mineralization at Iheya
North, Okinawa Trough, Japan[J]. Ore Geology Reviews, 2017, 84:
20-41.

Tivey M K, Stakes D S, Cook T L, et al. A model for growth of steep-
sided vent structures on the endeavour segment of the Juan de Fuca
Ridge: results of a petrologic and geochemical study[J]. Journal of
Geophysical Research: Solid Earth, 1999, 104(B10): 22859-22883.
Marques A F A, Barriga F, Chavagnac V, et al. Mineralogy, geo-
chemistry, and Nd isotope composition of the rainbow hydrothermal
field, Mid-Atlantic Ridge[J]. Mineralium Deposita, 2006, 41: 52-67.
KR, BRAE, K. P ERERSI D] TSR, 2006,
15(3): 238-240. [ZHANG Chunhui, LI Jingchun, LIU Bin. A review
on the classification of silver deposits in China[J]. Geology and Re-
sources, 2006, 15(3): 238-240.]

Gamo T. Wide variation of chemical characteristics of submarine hy-
drothermal fluids due to secondary modification processes after high
temperature water-rock interaction: a review[M]//Sakai H, Nozaki Y.
Biogeochemical Processes and Ocean Flux in the Western Pacific.
Tokyo: Terra Scientific Publishing Co (TERRAPUB), 1995: 425-451.
Alt J C. The chemistry and sulfur isotope composition of massive
sulfide and associated deposits on Green seamount, eastern Pacific[J].
Economic Geology, 1988, 83(5): 1026-1033.

Mills R A, Elderfield H. Rare earth element geochemistry of hydro-
thermal deposits from the active TAG mound, 26°N Mid-Atlantic
Ridge[J]. Geochimica et Cosmochimica Acta, 1995, 59(17): 3511-
3524.

Shannon R D. Revised effective ionic radii and systematic studies of
interatomic distances in halides and chalcogenides[J]. Acta Crystallo-
graphica, 1976, A32(5): 751-767.

Rimskaya-Korsakova M N, Dubinin A V. Rare earth elements in sulf-
ides of submarine hydrothermal vents of the Atlantic Ocean[J]. Dok-
lady Earth Sciences, 2003, 389(3): 432-436.

Michard A, Albaréde F. The REE content of some hydrothermal flu-
ids[J]. Chemical Geology, 1986, 55(1-2): 51-60.

Klinkhammer G P, Elderfield H, Edmond J M, et al. Geochemical im-
plications of rare earth element patterns in hydrothermal fluids from
mid-ocean ridges[J]. Geochimica et Cosmochimica Acta, 1994,
58(23): 5105-5113.

Douville E, Bienvenu P, Charlou J L, et al. Yttrium and rare earth ele-
ments in fluids from various deep-sea hydrothermal systems[J].
Geochimica et Cosmochimica Acta, 1999, 63(5): 627-643.

Schmidt K, Koschinsky A, Garbe-Schonberg D, et al. Geochemistry
of hydrothermal fluids from the ultramafic-hosted Logatchev hydro-
thermal field, 15°N on the Mid-Atlantic Ridge: temporal and spatial
investigation[J]. Chemical Geology, 2007, 242(1-2): 1-21.

Barrett T J, Jarvis 1, Jarvis K E. Rare earth element geochemistry of
massive sulfides-sulfates and gossans on the southern Explorer

Ridge[J]. Geology, 1990, 18(7): 583-586.


https://doi.org/10.1016/j.jseaes.2010.10.019
https://doi.org/10.1016/j.jseaes.2010.10.019
https://doi.org/10.1002/gj.3106
https://doi.org/10.1016/j.chemgeo.2008.08.004
https://doi.org/10.1016/j.chemgeo.2007.10.016
https://doi.org/10.1144/GSL.SP.1989.042.01.19
https://doi.org/10.1016/j.ijms.2017.07.015
https://doi.org/10.1039/C6JA00270F
https://doi.org/10.1016/j.sab.2021.106344
https://doi.org/10.1016/j.jseaes.2017.12.040
https://doi.org/10.1016/0198-0149(87)90137-3
https://doi.org/10.1016/0198-0149(87)90137-3
https://doi.org/10.1016/0198-0149(87)90137-3
https://doi.org/10.2343/geochemj.41.1
https://doi.org/10.2343/geochemj.41.1
https://doi.org/10.1016/j.gca.2017.08.035
https://doi.org/10.1016/j.oregeorev.2016.12.014
https://doi.org/10.1029/1999JB900107
https://doi.org/10.1029/1999JB900107
https://doi.org/10.1007/s00126-005-0040-8
https://doi.org/10.13686/j.cnki.dzyzy.2006.03.014
https://doi.org/10.13686/j.cnki.dzyzy.2006.03.014
https://doi.org/10.13686/j.cnki.dzyzy.2006.03.014
https://doi.org/10.13686/j.cnki.dzyzy.2006.03.014
https://doi.org/10.2113/gsecongeo.83.5.1026
https://doi.org/10.1016/0016-7037(95)00224-N
https://doi.org/10.1016/0009-2541(86)90127-0
https://doi.org/10.1016/0016-7037(94)90297-6
https://doi.org/10.1016/S0016-7037(99)00024-1
https://doi.org/10.1016/j.chemgeo.2007.01.023
https://doi.org/10.1130/0091-7613(1990)018<0583:REEGOM>2.3.CO;2

16 T b 5T 5 5 DU 42 b 5 2023 4 10 A
[100] Gillis K M, Smith A D, Ludden J N. Trace element and Sr-isotopic ratios of carbon, nitrogen and sulfur in ocean-floor basalts[J].

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

contents of hydrothermal clays and sulfides from the Snake pit hydro-
thermal field: ODP site 649[C]//Proceedings of the Ocean Drilling
Program, Mid-Atlantic Ridge. St. John: Texas A&M University,
1990: 315-319.

Sverjensky D A. Europium redox equilibria in aqueous solution[J].
Earth and Planetary Science Letters, 1984, 67(1): 70-78.

Schade J, Cornell D H, Theart H F J. Rare earth element and isotopic
evidence for the genesis of the Prieska massive sulfide deposit, South
Africa[J]. Economic Geology, 1989, 84(1): 49-63.

Wood S A, Williams-Jones A E. The aqueous geochemistry of the
rare-earth elements and yttrium 4. Monazite solubility and REE mo-
bility in exhalative massive sulfide-depositing environments[J].
Chemical Geology, 1994, 115(1-2): 47-60.

Haas J R, Shock E L, Sassani D C. Rare earth elements in hydro-
thermal systems: estimates of standard partial Molal thermodynamic
properties of aqueous complexes of the rare earth elements at high
pressures and temperatures[J]. Geochimica et Cosmochimica Acta,
1995, 59(21): 4329-4350.

Allen D E, Seyfried W E Jr. REE controls in ultramafic hosted MOR
hydrothermal systems: an experimental study at elevated temperature
and pressure[J]. Geochimica et Cosmochimica Acta, 2005, 69(3):
675-683.

de Baar HJ W, Brewer P G, Bacon M P. Anomalies in rare earth dis-
tributions in seawater: Gd and Tb[J]. Geochimica et Cosmochimica
Acta, 1985, 49(9): 1961-1969.

Piepgras D J, Wasserburg G J. Strontium and neodymium isotopes in
hot springs on the east Pacific Rise and Guaymas Basin[J]. Earth and
Planetary Science Letters, 1985, 72(4): 341-356.

Langmuir C, Humphris S, Fornari D, et al. Hydrothermal vents near a
mantle hot spot: the lucky strike vent field at 37°N on the Mid-At-
lantic Ridge[J]. Earth and Planetary Science Letters, 1997, 148(1-2):
69-91.

Sakai H, Des Marais D J, Ueda A, et al. Concentrations and isotope

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

Geochimica et Cosmochimica Acta, 1984, 48(12): 2433-2441.

AltJ C, Anderson T F, Bonnell L. The geochemistry of sulfurina 1.3
km section of hydrothermally altered oceanic crust, DSDP Hole
504B[J]. Geochimica et Cosmochimica Acta, 1989, 53(5): 1011-
1023.

Shanks W C III, Bohlke J K, Seal R R II. Stable isotopes in mid-
ocean ridge hydrothermal systems: interactions between fluids, min-
erals, and organisms[M]//Humphris S E, Zierenberg R A, Mullineaux
L S, et al. Seafloor Hydrothermal Systems: Physical, Chemical, Bio-
logical, and Geological interactions. Washington: American Geo-
physical Union, 1995: 194-221.

Alt J C, Shanks W C III. Serpentinization of abyssal peridotites from
the MARK area, Mid-Atlantic Ridge: sulfur geochemistry and reac-
tion modeling[J]. Geochimica et Cosmochimica Acta, 2003, 67(4):
641-653.

Rees C E, Jenkins W J, Monster J. The sulphur isotopic composition
of ocean water sulphate[J]. Geochimica et Cosmochimica Acta, 1978,
42(4): 377-381.

Fouquet Y, Knott R, Cambon P, et al. Formation of large sulfide min-
eral deposits along fast spreading ridges. Example from off-axial de-
posits at 12°43'N on the east Pacific Rise[J]. Earth and Planetary Sci-
ence Letters, 1996, 144(1-2): 147-162.

Gamo T, Sakai H, Kim E S, et al. High alkalinity due to sulfate reduc-
tion in the CLAM hydrothermal field, Okinawa Trough[J]. Earth and
Planetary Science Letters, 1991, 107(2): 328-338.

Takai K, Nakagawa S, Nunoura T. Comparative investigation of mi-
crobial communities associated with hydrothermal activities in the
Okinawa Trough[M]//Ishibashi J I, Okino K, Sunamura M. Subsea-
floor Biosphere Linked to Hydrothermal Systems: TAIGA Concept.
Tokyo: Springer, 2015: 421-435.

Ueda A, Sakai H. Sulfur isotope study of Quaternary volcanic rocks
from the Japanese islands arc[J]. Geochimica et Cosmochimica Acta,

1984, 48(9): 1837-1848.


https://doi.org/10.1016/0012-821X(84)90039-6
https://doi.org/10.2113/gsecongeo.84.1.49
https://doi.org/10.1016/0009-2541(94)90144-9
https://doi.org/10.1016/0016-7037(95)00314-P
https://doi.org/10.1016/j.gca.2004.07.016
https://doi.org/10.1016/0016-7037(85)90090-0
https://doi.org/10.1016/0016-7037(85)90090-0
https://doi.org/10.1016/0012-821X(85)90057-3
https://doi.org/10.1016/0012-821X(85)90057-3
https://doi.org/10.1016/S0012-821X(97)00027-7
https://doi.org/10.1016/0016-7037(84)90295-3
https://doi.org/10.1016/0016-7037(89)90206-8
https://doi.org/10.1016/S0016-7037(02)01142-0
https://doi.org/10.1016/0016-7037(78)90268-5
https://doi.org/10.1016/0012-821X(96)00142-2
https://doi.org/10.1016/0012-821X(96)00142-2
https://doi.org/10.1016/0012-821X(96)00142-2
https://doi.org/10.1016/0012-821X(91)90080-2
https://doi.org/10.1016/0012-821X(91)90080-2
https://doi.org/10.1016/0016-7037(84)90037-1

	1 地质背景
	2 样品与方法
	2.1 样品与扫描电镜分析
	2.2 原位主量元素分析
	2.3 原位微量元素分析
	2.4 原位硫同位素组成分析

	3 结果
	3.1 硬石膏的矿物学分析
	3.2 硬石膏的主量和微量元素含量
	3.3 硬石膏的原位硫同位素组成分析

	4 讨论
	4.1 海水-流体混合
	4.2 变化的REE含量、Ce和Eu异常的成因以及REEs的来源
	4.3 硬石膏中硫的来源

	5 结论
	参考文献

