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AL, Zn & EEEEITR (TR 33.82%),
HRE: Fe(Jt /05 h 18.68%), &b Fh A I 2] Ba,
HEHE LR Si M PORESE B 2.03%F
0.77%). 7E Ba-Zn-Pb BUERALY) (+HRFREL) ™, Zn F1 Pb
HEBELJEITER, TR Y, a8
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Lt ARTICLE

WA Zn: 15.74%7F1 Pb: 12.63%, [FAf Ba 15 H40
(T e 11.8%~26.47%). LG FEMMEL, Ba &
St v 1 R R A A R A A X R R R SR
Yy, T A2 R Ba B HGRTRR RN B SOL2 IR K
BLRIR AT B 3N, R ke S A A A — S
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Tab.1 Major elemental data for hydrothermal sulfides in the Okinawa Trough

e WL Z A 0%
FE i 25 .
Cu Fe Zn Pb Ba Al Mg Si P
T9 2.36 1.09 11.62 10.07 26.47 0.07 0.01 8.10 0.49
T9-1 3.88 2.65 24.43 17.74 11.08 0.03 0.01 5.45 0.54
H2-R1 2.77 1.43 11.16 10.09 24.68 0.12 0.01 10.63 0.45
H2-T4 3.60 18.68 33.82 3.23 0.00 0.04 0.03 2.03 0.77
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Fig. 1

Cu-Pb-Zn and Cu-Fe-Zn triangle chart of hydrothermal sulfides in the Okinawa Trough
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o ATLUE Y, FEFSE X & R m Ak h i T R
B FEFEZE SAR K, flhn, Mol & 1L 3.3~438.2 ng/g).
Bi(0.1~76.6 pg/g). Ag(192.2~8 438 pg/g)Hl As(868~
3819 pg/g), HEmERZEEMU L. BMER AR
— PR X 6 B B AR A, R TR 2
S, AN T 51 T9-1 SAE S MR TR & &
EM R Z 2. METTR S EREARRKERR
ES W EITR —2, — 7 W B T A ORE A S R
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Tab.2 Trace element data for hydrothermal sulfides in the Okinawa Trough

e 2 bt e /pg g

= T9 T9-1 H2-R1 H2-T4 T H4(H AR Ak
As 1935 3819 2883 868 2376.2 868~3819
Cr 0.4 0.3 0.7 6.0 1.9 0.3~6.0
Mn - 985.9 - 672.5 829.2 672.5~985.9
Co 3.8 0.7 0.2 0.7 1.4 0.2~3.8
Ni 1.1 1.3 1.8 17.5 5.4 1.1~17.5
Mo 5.3 3.3 6.4 438.2 113.3 3.3~438.2
Au 0.2 0.3 0.4 2.6 0.9 0.2~2.6
Ag 4854 2766 8438 192.2 3987.6 192.2~8438
Ti - 60.3 - 60.3 60.3

\% 12 0.6 2.6 3.5 2.0 0.6~3.5
Se 64.3 112 64.8 80.4 64.3~112
cd 271 589 230 818.3 477.1 230~818.3
Ga 10.4 23.6 8.2 26.8 17.3 8.2~26.8
Rb 0.9 0.4 1.5 0.3 0.8 0.3~1.5
Sr 263 280 306 8.8 214.5 8.8~280
Hf - 119 - 151 135 119~151
A 0.6 0.2 0.3 3.9 13 0.2~3.9
Hg 178.8 394 202.5 258.4 178.8~394
Bi 0.1 0.2 1.3 76.6 19.6 0.1~76.6
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T X 4 AL 1) 1 YR B v T R SR IX

X3 R TR X EIREALY . rhaR A T

) H@ART/CLE

TN Z R A DA S H G X 4 T8 B A 1 AR e ik
& JRICER i A X E A AT AR B, e TR A A
T IX 4 AL 5 R v s AR X 4 TR B AL P A L,
HXTEEE Zn, Pb. As, Au fl Ag %ICEK, ML Fe
Fl Cu Z5 0K o ARG R S AR X Y 4 s Ak )
P & Bt RS EBAA A, I Cu BFHE,
E B B IR X B A P b g v T A R,
T E H SR AR XA AL Cu B EA AR

®3 ABEBEARTUYRBLERPHETERRE k/pgg™
Tab.3 Trace element data for hydrothermal sulfide samples from the Okinawa Trough and related areas/pg-g™
JLE T9 T9-1 H2-R1  H2-T4 1 2 3 4 5 6 7 8

Zn 116200 244300 111600 338200 405700 99.7 130 106 91 13900 59300 182500
Pb 100700 177400 100900 32300 137200 6.4 8 56 18 460 1160 67000
Fe 10900 26500 14300 186800 910000 71500 85600 nr. nr. 302000 231000 158000
Cu 23600 38800 27700 36000 20000 513 100 42 23 20100 6100 39600
Au 0.2 0.3 0.4 2.6 3.7 n.r. 0.004 143 nr 1.00 0.18 24
Ag 4850 2770 8440 192.2 2249.6 0.75 0.10 100 nr. 48.6 172.6 81.4
Hg 178.8 394 202.5 - 5.5 n.r. 0.09 491 63 n.r. n.r. n.r.
Sr 263 280 306 8.761 292.2 25.3 440 425 440 n.r. n.r. n.r.
Cr 0.4 0.3 0.7 6.0 n.d. 18.7 200 74 58 n.r. n.r. n.r.
Co 3.8 0.6 0.2 0.7 n.d. 34.8 45 19 12 103.8 44.0 n.r.
Ni 1.1 1.3 1.8 17.5 n.d. 68.3 160 52 33 38.0 2.7 n.r.
Cd 271 589 230 818.3 1382.6 nr. 0.2 03 02 52 493 845.5
As 1935 3819 2883 868 3606 n.r. 2 183 43 67 431 1135.2
Sb n.d. n.d. n.d. n.d. 200 0.7 0.1 52 0.6 nr. n.r. 2253

T TO M1 TO-1 bR  FRE i, H2-R1HI H2-T4 Sy bt s 1. ph 48 MRS HGROS 31 X B AL 1, 2. hBB iR HORIE SIIX KA 3. X
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BEAHEI 2 2 T R 2 A AL W A LT T R M
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Pb 7EMap i X A 5P LR A T B & A
EAK, MEMMADHT AP R ELE, U Pb A
BRI . MR R, R XA AR L s
TURR W 0 1 v B (A RV 3 v B R AR R VR T 55
ALY Po 19 & =R AR 3 6. 7), i
VIR FE, A% WA s LAt E
F I HRAL D s 5 Pb. bR PR TR A 1) M B S T
H, AR ARSI X AR EE T, W H S
AR, Fisiey ey Po Bk TRIETX
Roa b, Wl gesk il TR Kl s Mty . )38
Halbach 2512305} w2 Vg 4 7 2 44 16598 Jade RIS BN

X KBLA . DTRFERAL 0 4 Pb i [R5 ZE 55
GEIRL, RO R KA Y P JE Mg Pb LSS Pb
REMEER, Bk A e P MR KL 5 rhag
TR TR A 45

23 WEAE

208 T A T R e AR T B X 4 R AL Y
REE g BT 4, nfLAFEH, #F5EXEE ST
REE 5% i A e R 0 & i reiE—3, &
PN REE 09 828 L3 K (S REE=4.71x 10 °~8.99x
10°%), RPff 2R A W —#0R X i sifk ¥, H REE 1Y
TR MAATERRZESR .

JUEHFST X KER P REE Ay & 22118 K, 1B
REE 1) BROBL B A7 45 o Ak L 435 20O 25 400+ 40 Ak
4N, 4 ASFE i B B R A7 Y LREE &
LEF HREE ZHARAE, SAbPResh hIgfFE4E Eu (1)
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Tab. 4 Rare earth element data for hydrothermal sulfide samples from the Okinawa Trough and related samples/pg-g™

JLH T9 T9-1 H2-R1 H2-T4 E R T 2\ Jade 1 Jade2  sKk/x107"?
La 3.40 4.42 4.07 1.98 6.950 33.920  42.060 0.506 3.54
Ce 0.679 0.683 1.47 3.89 15.350 63.980 32.040 0.701 0.762
Pr 0.066 0.061 0.093 0.470 2.200 7.870 1.519 0.078 -
Nd 0.194 0.126 0.223 1.81 10.500 26.140 6.463 0.304 3.09
Sm 0.050 0.044 0.042 0.340 2.900 5.110 26.865 0.108 0.621
Eu 0.238 0.193 0.339 0.030 0.965 0.990 19.605 0.025 0.161
Gd 0.045 0.046 0.061 0.240 3.200 3.960 1.005 0.160 -
Tb - - - 0.030 0.575 0.640 0.041 0.033 -
Dy 0.012 0.012 0.016 0.110 3.900 3.640 0.205 0.180 1.853
Ho - - - - 0.860 0.700 0.022 0.036 -
Er - - - - 2.400 2.020 0.158 0.072 1.642
Tm - - - - 0.360 0.320 0.022 0.011 -
Yb - - - 0.030 2.250 1.950 0.146 0.059 0.938
Lu - - - - 0.350 0.300 0.026 0.008 0.154
YREE 4.71 5.62 6.35 8.99 52.76 151.54 130.18 2.28 12.761
LREE 4.627 5.532 6.242 8.518 38.865  138.01 128.552 1.722 8.174
HREE 0.087 0.088 0.107 0.475 13.895 13.53 1.625 0.559 4.587
LREE/HREE  53.037 62.542 58.540 17.932 2.797 10.20 79.109 3.080 1.782
SEu 15.013 12.977 20.353 0.306 0.964 0.649 3.766 0.649 0.66
5Ce 0.146 0.115 0.262 0.941 0.939 0.910 0.535 0.763 0.10

T PLRRIAN Jade 2 Bdi it 51 1 8 WIS, Jade 1 BT B

ESHH Ce BTA S 4 (H2-T4 &AM, tesb, %F
v i 28 Y R A X 4 SR AR A ) (AR SRR ) L TSR IX X
R DU . KL K Jade P IX 4 IR R AL P 1Y
Fis FICE R, ATLAR I (DAXT T Jade K IX AT
1, BF5EIX A Ba-Zn-Pb BIETAL Y (+BR R h) F LA
AT SRR B Jade PR TR BA AL FR
I KA (E 2)(m R i), £ LREE &
£, HREE =i, WKW M IE Eu 5 % (6Bu=
12.977~20.353) 1) Ce 5% (6Ce=0.115~0.262)%
FRAE; (2)H2-T4 5 & Fe-Zn BUBALYIRE S 5 LN &6
S FE M Jade IR X GRALY) A M LLAFE o0 R BL 5
i, KM LREE &4, HREE 51, HA X
B Bu 5% (JEu=0.306) FI M 1 i Ce H#
(6Ce=0.941); Q) SR X Z A . DU LA KK 1
s £ O R BB A F (1 3), BF9T KB AL P RE S
REE MM TZRAMICEY), (B e Tk,
OEu Fll 6Ce H1 5T Z A HA — & AR BIE:
4N, T9. T9-1 F1 H2-R1 5 =ANEE 55 Pk i 1A B
A MR REE BCr R 4¢1E, B LREE AHX & 4 IE
Eu S5 B94RF A, RO T DL L sl 6 e $AG8IX 18 A

BRIES, oK, BT R D

ALY B B b, — 8 B R A Ak R T PO T A
() REE 414FAE; 1 H 0Ce BYMEHEIAE 0.115~0.262,
517K (6Ce=0.10)423, ¥ifH Ba-Zn-Pb ElfiL4Y(+
B R R VR 5 P RETE BT LA /K Ry 3 A TR A R85
o Y BT HAB AR It IR IS O 5 0 K & TR AR
B2 AL SRR b  H2-T4 SRS S5 5E XA
YRTZa A BA AL REE Bisiat, FeUli%Eeh i
REE AREH/K B TR M L s, Hootmk He Bz
P TR ST sl X RoE AR B RS, 5
IEE, H Ce S A (0Ce=0.941)5 1K 22 K,
L5 BEL A e W58 114 P PR 1A (0Ce=0.947) S, TP 7
Fe-Zn RYGRALHIRE i AT REJ2 =5 i PR D TR E - B ™)

IRFRIERB, PR XE LY T REE B it &
HAFEAA R B T AR 5 A A WA B AER, T
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Abstract: Previous studies of the hydrothermal fields in the Okinawa Trough mainly focused on the middle of the
Okinawa Trough. In this paper, new hydrothermal sulfide samples collected from the Yonaguni Knoll IV and the
Theya hydrothermal field were analyzed based on their x-ray fluorescence (XRF) and inductively coupled plasma
mass spectrometry (ICP-MS). By comparing the geochemical characteristics of the hydrothermal sulfides in two
hydrothermal fields, this paper discusses the enrichment regularity of metallogenic elements, the process of hydro-
thermal mineralization, and the differences in hydrothermal processes and mineralization among the different
hydrothermal fields. The results showed that there are two kinds of hydrothermal sulfides in the middle and south-
ern Okinawa Trough, namely sulfide enriched in Fe and Zn, and sulfide (+sulfates) enriched in Ba, Zn, and Pb.
Compared with the sulfides in the mid-ocean ridge and other back-arc basins, the contents of Pb in the samples were
obviously higher, while the contents of Cu and Fe were relatively low, which is related to the thick sedimentary
cover in the Okinawa Trough. Additionally, the content and related characteristic values of major elements, trace
elements, and rare earth elements in the samples change greatly, indicating that the hydrothermal sulfides were
formed in different hydrothermal mineralization stages. The sulfide enriched in Fe and Zn was formed at the high
temperature hydrothermal stage, while the sulfide (+ sulfate) enriched in Ba, Zn, and Pb was formed during the
mixing of hydrothermal fluid and seawater, which implies a low-temperature environment. Even with in the same
hydrothermal fields, the mineralization environments also changed greatly, mainly in the fluctuation of mineraliza-
tion temperature. The rare earth element patterns in the hydrothermal sulfides of the study area showed that the
source of REE in the samples is the same, but the migration and enrichment of REE were different. This reflects that
the hydrothermal sulfides formed in different hydrothermal mineralization stages. The hydrothermal mineralization
in the different fields were different. The ore-forming temperature in the south of the trough was lower than that in
the middle. In terms of mineral source, the mineral source in the southern trough may be partly from the sediment,

as its content of Pb in the sulfide is higher than that in the middle part.
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