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Geochemical records of hydrothermal activities in the sediment fillings within pumice’s vesicles in the vicinity
of a seafloor hydrothermal field in the Okinawa Trough
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Abstract: The pumices samples from HOBAB2-T3 and HOBAB2-T6 near the Theya North hydrothermal field, Okinawa
Trough (OT) are divided into two groups. One group (T3-C and T6-C) was carefully cleaned to remove any sediment filled
in vesicles, while the second group (T3-D and T6-D) remained unchanged. To qualitatively understand the mineral and
chemical compositions of the sediment fillings in pumice’s vesicles, each group of pumices was examined by scanning electron
microscope (SEM) and their mineralogy and trace elemental compositions were analyzed and compared. Results show that
the sediments in pumices are mainly from OT clastic deposits. Vesicles in T3 pumice are smaller and they are mainly filled by
illite and quartz in terms of mineral compositions. However, sediments in larger vesicles of T6 pumice are dominated by
quartz and feldspar, same as the minerals in OT in general. The sediments in T3 pumice, adjacent to the hydrothermal field,

however, contain extremely high concentrations of Pb (=101 pg/g), Zn (>196 tg/g), and Cu (>47 prg/g), indicating
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strong hydrothermal activities. For T6 pumice that is slightly farther away from the hydrothermal field, the sediment fillings

also exhibit anomalies in Pb and Cu, which might stand for relatively weaker hydrothermal signal. The above indicates that

sediments in pumice’s vesicle near the hydrothermal field may record information of hydrothermal activity, which has great

significance in exploring new hydrothermal filed in the region with pumiceous volcanic rocks.

Key words: pumice; sediment fillings in vesicles; hydrothermal activity; mineral composition; trace elements
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Fig.1 Geographic and bathymetric map of the Theya North Knoll, Okinawa Trough

(Locations of sampling and Theya North hydrothermal field are marked in the map)
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Fig.2 Photographs of samples (a and b: photographs of pumice rock samples; ¢ and d: SEM images of pumices’ vesicles and their fillings)



% 38 % 4 5

SR AR LA - b 2 T R T R AR X Y S0 9 L ST TR RO B Y R Al 2l SR 105

T e B B A R DL R A PR T
T JE i M A B PR =2 Bk, A T B i A2 T A AR T
FoAb Mo DX I e o SR T 5 AR SCHIF 5 O BE i 2 R
HL LIS AR A 10 R BRI S e B IR L L R LA
SR AR IS B REAE . 55 A0 B b SR 4R A7 B AR A o 4
TR N ) e TR 22 b, DA PN H Al 37 B Bk
I E K B T7H AR A 5 B IR % X 3. TODP B #5745
AR PP R e e AR R A A aE 2
E TR AR SCRRE SRR S IR R

2 A5k

HY THE LURE 7 5 A AL T s S TR 4T 43
PRI, FRATT SR WL — o 8] 42 11 5 v R F 5% X S S L B
WY AR, &L n) T3 M T6 1% A 7 Wi
5 s — AT AT A kRS AL TP TR &
BT 405 g T3-C il T6-C, 5 — 43 IF 5 AE
AEFE DL AR B LR R R L S5 ol T3-D A T6-
D, SR 5 43 DU 3K B A58 TR 8 49 T A B AT ) S R b
BRAGSA L B, Iy s BROAR TE VR A ME I R 1 B
it o AF AT DU B AT I A AL 7 TR 0 A A
— A AR

K T3-C F1 T6-C A 5 FE /N F Smm 1) kL,
BT P BEAL NS DR L ZE 1K L BB 15min
e — UK, FL B VERE S A K R ST TR LR BR IR
RN AIHMTIRY . 2SR AT K OB
R 2y 1h DLEBRA ML, 58 5 B A i G T, 7
A 0. 5mol/L (1 #i £5 BRVA W . 60°C /K I #4 . 12
M 1~2h BRRAERREEMBE Y. REKTE
B TR kF . 40°CKRI\m MM IR 7 REF .,
FR R — WK, AER 2B WIMA AgNO,; %
WTE A B TTVE BN AR IIE Cl i858 2 bR i, 7E I
b AR O A LB P i e S T Dk — 25 A5 B U .

Bl BIL 326 AL B A 1 37 5 B PR Imm A2 AT
/N B RSURE o i) #0218 4 . FH 4 I L (SEMD
WE2 7 A AL IO 25 4 DL S AL B A DR 3%
B M REAR KON T 10 A, AR AR 17 2 FLBR B
FEIYEVE T . FAE K T3-D Ml T6-D FE & i AL
Imm 7245 K/NRYBURE, F SEM SR 77 5 S fL 78 48
TR B I 25 4 F . SEM 23 #7 76 o [ B 2 b 1
HERIE 9T T 58 A A B B AN AR LS VEGAS, R
PR AT TESCAN A #]

W A Ab B K Ab B S 1) R A A — 3 40 FH 3 3
R B EE 2] 300 H 9847 X S AT 56 3% (XRD) 43
Br. XRD 28 Hr7E b B RL 2% B i T 5 1 BR 4 2147 5

B e B, R B XS AT 5L 84528 D/max-
2400, i FH 4 #08, T AF B & A 40kV, T 4E L3 R
60mA, KN 0.02°, HEHE N 8°/min, J5 —#B
Oy RES B R 200 B AT TR MK
e [ B 2 G T A0 9 0 R FH PR R A S T
L ICP-MS) 58 & » A4 5 %9 5 ) ELANDRC 11, ¥
TE A FE MR B T B P 105°CHET 2h, 22 5 HEHf
FrfE 40mg #E ST Teflon B b, 3 B 44 V47 FE
M o2s HEE, W A 1. 5mL ¥ HF, 0. 5mL #
HNO, BB B 47 36 )5 B T I #8i 1, 150°C jin #4
24h, SRR T IT I TE 150°C I #bR 1 oK B f
W R 78 T, K4 2h, SR 4k 22 in A 1mL ¥
HNO, , T 150°C b bk zE T, A ImL #
HNO, K ImL #8247k, &35 ,150°C ik 24h, FEFE
i 58 AV e A 2K 8 25 8 40g, AT AL
0 Re 1E R N ki, B8 #E £ 5 S GBWO07315,
GBWO07316 . BHVO-2,BCR-2, i 45 & <5 %,

3 45

3.1 SEMMEBEHER

T3-D 55 T6-D B AL &5 K H g Ut R i
AW 2, T3 iFa LR E | &R, &2
B EF AR B9 2, AL 28 [A)AH X B/, FE B BT AR
Wil A AR AR L U WAL AT fE 2 B 3
Yr. T6 %5 M AL JCE [ 2 AR B {0 5 A0
i AL BB, AL S ) AR R R, FE B DT AR
Vil —E R FE Y [ 45, B B R 225 b DURCIR ™
Y E. 5 T3 #afLh iR A R
5.

3.2 XRD HiisER

T3 1 T6 4 B4 XRD 4 Hr 45 SR WK 3,
T3-C B HAE 20=21. 7°(d=4. 08 A) [t 3k A5 — 4~
AT Gt () 3a) AR A BUEE (1AL 2 —Fh [ 2R 1 3R
WITTEW A & F A SCWF 58 14 3 8% L SO HAE
HoE &, T3-D MG HA 2407 50 (& 3b), H
e 20=20. 0°F1 35. 0° BRI A WA BH B 19 0 L JE T
IM B 47 (PDF # 29-1496) B R AE 1§, 78 20=
26. 6 BT A — AR 5 B AT ST 06 L 5 A B ) R AR 0 —
., AN TE 20=123.7°.27.9°.28. 0° S i B AEAE &
AN R JE T RHC A R E N . 28 1, T3 I %
SALFEHGURR Y 0 8 ) 21 % D A s AL L o
HALENRH A, 5REY N R RE B R — 2



106 T3 M 5T 5 5 O 20 Ml o

2018 4 10 H

(K 20,

T6-C REMAE 20=27. 9°H1 28. 0° fh 3T 77 16 & 3
BORT 5 I, FR7E 20=122.0°,23.7°,24. 4° & 30. 3° 5%
A A7 TE B 55 I U (BT 30) 53X BB AT S I 1 20 {14 5 )
KA BRI — 0 Ul AR A2 T6 TRA ) EE
WAL, 555 M2 W IR R —3, T6-D FEfhTE
20=22.0°,23.7°,24.4°,29. 6° J 30. 3° 4 ib 1 17 5F
W R 5 B B 5 1 T6-C R A LA B 1) 7 S 0
BECEL 3d) - BEHH T6 V724 FLBR st TR bl & A7
RERK A, T6-D FESTE 20=26. 6°fff VT LAFAE L
SER ) A7 BT S 0 0P A B T6 VR A AL Y
17— EZMT YA . A, T6-D 7E 20=20.0°,
20. A° BRI 55 A0 A7 7E 55 1 0, AT RE AR D 1 A
CEFE LT, WL, T6 775 L BT 1 5~
WA B LA R A o

33 WEREUXER

T3 1 T6 74 B4 i o 3R L4 R I3k 1
TP 4, T3-D R MEICRM & REET T3-C
AR TR & B (8 4 BT T3 P A AL FE TR

Pk T3 A B R EMEITR., T ERINE BN
JE,T3-D 1 Pb(101pg/g) . Zn(196pug/g) .Cu(47pg/
2).Cd(0. 944pg/g)  Sr(108pg/g) HFILE W & = 5
HT3-C M W 6 & & & (Pb = 8. 36pg/g. Zn =
52.5pg/g, Cu=5.14pg/g, Cd = 0. 237pg/g, Sr =
30. 6pg/@) 3 f5 LA B (5% 1), Ui X B0 RAE T3 %
AR R TIRY h F O E A AU, T3-D
H1 Pb.Zn.Cu 1Y% & 1 35 TR X R Z VIR
RISE T & & (Pb=18pg/g. Zn=91pg/g.Cu=
23pg/ @) L F L vl 4 I R v PR I I A7 A
WTE B s m i U A )2 b Pb (79, 13pg/g) . Zn
(99. 13pg/g) . Cu (43. 33ug/g) [V 1 & 515 3R 5
E(ELE D,

T6-D K43 B o6 219 7 i 42 3T sl & T6-
C Mt o0 38 & i, RO, T 3 528 0+ AR AL I s it O
KRR (B 4, 5 T3 AR, T6-D A &
B9 Pb(13. 2pg/g) \Zn(54. 8pg/g) \Cu(15. 1pug/g) 55T
EHERAX T6-C(Pb=38. 21ug/g. Zn=144. 5ug/g.
Cu=4. 3pg/g) W H A ICF A B BE A3 , {H 2 1%
R E/NF T3-D 5 T3-C Z &85,

{3 T3 M T6 ¥4 XRD 73 #7 45 2R
Fig.3 XRD analysis results of T3 and T6 pumices
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Table 1 Trace element compositions of T3 and T6 pumices
TEE (pg/g) T3-D T3-C T6-D T6-C IEHRZTURY PR R LA
Cs 6.13 2.01 3.91 3.75
Rb 80.3 53.1 97.1 101 93 97
Pb 101 8.36 13.2 8.21 18 79.13
Ba 383 203 325 329 354 495.53
Th 11.6 7.10 11.3 10.7
U 7.67 7.23 2.44 2.58 8
La 29.8 20.6 23.4 19.4
Ce 60.7 41.7 48.4 44.5 53
Pr 7.11 4.98 5.58 4.86
Nd 27.9 20.0 21.3 18.2 29
Ta 1.13 0.746 0.784 0.822
Nb 15.5 11.9 11.3 11.7 8
Zr 346 206 150 178 125 125.4
Hf 7.32 5.20 4.57 4.48 3.43
Sr 108 30.6 67.5 49.2 440 399.07
Sm 6.21 4.59 4.71 4.03
Li 29.6 6.27 23.3 21.8 39.8
Gd 6.31 4.67 4.82 4.08
Tb 1.22 0.919 0.875 0.864
Eu 0.818 0.540 0.792 0.614
Dy 7.53 5.73 5.43 5.13
Ho 1.78 1.35 1.27 1.22
Er 5.21 3.92 3.64 3.77
Lu 0.868 0.662 0.671 0.662
Tm 0.911 0.690 0.645 0.660
Yb 5.68 4.44 4.18 4.21
Ga 22.0 14.3 16.8 18.1
Y 49.2 37.9 35.2 34.8
Cd 0.944 0.237 0.269 0.202 0.17
Zn 196 52.5 54.8 44.5 91 99.13
Cu 47.0 5.14 15.1 4.30 23 43.33
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Fig.4 Spider diagram of trace elements of T3 and T6 pumices (data of normal surface sediments are from reference [37],

data of hydrothermal influenced sediments are from reference [38], data of primitive mantle are from reference [39])
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