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Active hydrothermal field associated with black
smoker in the Myojin knoll, Izu-Ogasawara are,
northwestern Pacific

Kokichi IIZASA* *unichire ISHIBASHI* 8¥oshihire FUITWARA®* 7
Jun HASHIMOTO®* "Yoshihiro HORIT* 230samu ISHIZUKA# 5
Sumihiro KOYAMA® "Makoto YUASA*® 3

In 1997 and 1998, a huge sulfide mound (the Sunrise deposit) of at least 400 m by 400 m across
and 30 m high, which is associated with black-smoker venting and inactive sulfide chimnevs and
massive sulfides significantly rich in Ao, Ag, As, Sb, Cd, Zn, Fe, Cu, Ba and Pl, and vent biota,
was first discovered in the eastern caldera wall of a submarine rhvolite caldera, Myojin kooll,
located on the voleanic front in the northern Imu - Opasawara are, The Sunrise deposit analogous
to Kurolo —type Deposits is the first discovery in the rhyolite suite on the woleanic front and iz
among the largest and the highest of such marine volcanogenic massive sulfide deposits in

aceanic ridges, back -arc basins and island-arcs. The hydrothermal fluid chemistry of the Myajin
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knoll is similar to that of the Suiyo seamount. The discovery indicates that large sulfide deposits

may ¢xist in the other submarine calderas in the northern Ieu—Ogasawara arc.

Eeywords: Izu-Ogasawara are; Yoleanic front; Myojin knoll caldera; rhyolite; sulfide chimney;

black smoker; Kuroko-analogue ore deposit

1. @FL&Hc

Ui 2 B 5 ARG L @ % A (Francheteau et
al,, 19THLIE, BEOH4 LT byt F 4 ¥y
BT OMEBEMEIIT LS { ook
DAFEFHEERTEN (F 41X, Ronaand Scott, 1993).
Sillitoe (1982)1d, + Tz, WREPHFIIHS (FETS
WEkiRE o ) 7 FICBT A HiE S A A 01 5 R mAL
W OFEEONES: WML TEY, €oEA0—H
APEL T S T ISBIT L WY A TOEETH o7 —h,
B A R o0 S0, - il RS B0 B Skl k i M L
T, MR (1983) &, PE - ADNEERILICHEES SPFHLN
HuASR I LI S A7 R R DR A R T
HIldn, BLHEROFEOMREL TFILT A
A5, k7 O R vk ERL (FEQ - hndE, 1992)
LW RERRRE A V75 (lizasa et al., 1992)28BHF 5Bl
AR OEDIE, S ZICBTS L RN
BT LS RICE T 2 bR STy o i,
Ve B ) K T ol = Sl Sl ot Y - e B
280 5 MR TEvaiA] O RHE [ LAD 2000
ok B, AT T RONERD b o8kt 8 e HLE
oGl (Tizasa, 1993 5 1995) & A b5 5 O g o=
YN AF e~ AOBERE (G, T,
1992 ; MEFIFH, 1995) s, HAFIHOEEEUHE
P ELT B iR T2 A 5 Bk SRR I O AP A R B
Twr/e (lizasa, 1993 ; 1995) (1), 0Bl
A 2000 DIMAFIZ X T, AT IREEIIBWT,
199246 7 J] 12 Sk ek oo i (b4 = a0 THREL L 2z (lizasa et
al.,, 1997). 19964E 8 HIZgifie & 7 F IR 1 L7 F B¢
I BWT, TR A = — SRR S =
A4, BEASZ I N FH L EOHRMEY
Fidi, Fh, MNEOAALFIMWIBW TR &S0
(AEef A8 S T T F R I = R gl e o /L T3 0
Euss (fTEIEAe, 1997). 199746 1 T 1998455 )],
B A L F IO P BT, S E30mic T SR
Tl KAk F A = — 5, S bt sk 1
AR08 & 01 5 A2 < T 4 W 400m 1 2 400m 0 % #) 30m B
ooy FILBRRRLE (H2), ok 3%h
z24

B AL R oo 5 B, B o o g i 81 T B ik 2
(Rona and Scott, 1992) *Ef A =72 b v 2t o
FTAXZORN7ar b LTRADTTHA,

ZITH, WRERA LTS IROEEICE T, LA
ﬂ‘b*ﬂﬂﬁm:i-ﬂ‘fIBBTEEHE:ﬁﬁlé:ﬁ.tﬂi{tw%A
== BRI (22 Tk, Sunrise fig,
& W5 B ORI LS 35 v T 1998 465 B I X i
MBI H T, It RRERLET T v 2 A2 2 &
WY 5B X230 miZT AEKHEYF L= — (=
S THLHRD, L) g oA B O g A e
T

2. M - R

AN v E AT L= PRI T Bk s
PRS- AR, WO AN RS, A
W7 @ o b oo b - 0 0 OOV B i e 2
D, MG X o THISE F K DB
wh &AM SR (R - Mk, 1985 5 By, 1991),
D ESSIEC Gk, LK - B MR & T L RO Iz s ¢
PHOWMN A AT B (EARED, 1981). gy
AL S A B S G S T, Byl e it
AL A P4 500 % 1D 12 S MEAT i LLEE & e e g
LT i+ 5 (k- kb, 1985), Sunrise $ A g BL
SAIz, WO W MTE 400km AT B WU mie » 0
T - oOUAEREAVTT B T, 1085) 13,
T ORI O 2 SO WIEESF K7 g > Bz
ﬁhéﬁummwaafmnaﬁW?eﬁu,mm
Thm WL 6km BT 2 K& E L, EOKIEE 590m
A BBOM OIS b, ZOANTFIEIZIZaoo 0
E0DBD, T, BRI 24 350m @
NENThHD. HAFROREDIEND k.,
4lom Wb 3km BT AR 1,350 ~ LA00mM 4 7~ ., T B,
= DANF IR, 2oL R LR L b oo
#L100m IZ WA & 452 PR RN ED T B A, &
A7 RO PO L, WA S8R e iz 4 <
RLEZFCREIN D, TR h 535 < 1n
AL ANFFIROREBE, RO B

JAMSTEC J. Deep Sea Res., 14 (1908)



. [
| B Chimneys
Nz Altered zone
,|g Hydrothermal Mn
|L=:] Caldera floor
[0 1 kim
I S——

NS

il

]

A )  Hydrotharmal ocourrence
====  Voloanic frant

=™ Trench axis
i i |

Myojin
s noll
20 mMyajinsho

|- Sofugan Tectonic Line_|
Suivo

|

Philippine Paific |

Sea Plate s |

i 4 )
1357 130°E ] 300 km

Fl A:HREEALFFHREECME - JERLIIS TS RANBYORELEED | HREED L7783 Yo - — B
= & IR W R CHAEN I ST o aS B CRE 2 ICR X L TRI ARG m =R IS 77 1 lizasa et
al, (1992) A 2 AW 7 b @ Urabe and Kusakabe (1990) AcBédsil @ {50 - g (1902) @R L+9 © Usui ot al. {1986} 7 Urabe

etal, (1957) .

Fig.l Location of maring hydrothermal deposits around the Izu — Ogasawara arc {A) . Bathymetric map (100 = m isodepths) of the Mydjin

u

knoll caldera,showing hydrothermal mineralization and other features in the caldera. Inset “¢™  shows in Fig.2 the location of the
sulfide mound discovered by  “Shinkai 2000 Myojinsho submarine caldera © Bzasa et al. (1992) Sumisu rift  Urabe and Kusakabe
(1990} Suiyo seamount | Kasuga and Kato (1992} Kaikata seamount © Usuietal, (1938) 3 Urabe ctal. {1987) .

HEMAIEIZE 1,400m THY, FO—-EICRBLED
Reid, SunrissfEHEO A LF IO FHEBSIE, BB
O EHFEELTED, AL TEHOHEHFo
A 5 5 WS TRz S B
Wi b A -7 id, Si02(71 wi BLEYIZE A £ 73
L < K20(0.86 wi% LTy DR Fi s 5 =2 W9 o s
B E LR S (i - H 1, 1989 5 Yuasa et al.,
1991 ; %, 1995 ; lizasaetal, 1997). A W75 L
R s, i, ALTFIETHRILZ, ALFs
PRk RIDR AL RAEHA L A7 700
HEAT A ENOBESPEEP O ENRT WA,
Sunrise 8K O JLHEH Lem O WO A b7 5 W AiE
1,200 ~ 960m i, #irsWosKERERET 5
Ao LAEEAEERSEAT S, o
W Lo B e o RE R TSR] Tid v 2o iz
R BT = o o » DR E SO ARG B S R U
TN s LTy b, JOEIK, W4 Mk
L A F-ErEV O RS, &k
£, A9, @Epesn, MRA R Swik B st

JAMSTEC J. Deep Sea Res., 14 (1998)

(HFéman, MWEAE, IS, WEA, S, B,
B EaE, MO F I dFA TS (T, 1995),
Z@HEYFAS F-ErEYVDFL FRGRED I,
Sunvise JEHE e AL PG T 3B W T RIS Ao SRR L
PEFhLLEHEREDPIZLRASNE (lizasa et al.,
1997). Fi=, LM, ENBOALFIREL THR
R Fe @ JL RS B DR T AR b VB A P R B BT DA
L TWD, H07 ZIRHER & s e n B TF
A S AT A, &7 5 ORI
W, v # ey 7 A MPARNEES LN~
A AR OLBE DR ENIIAAN L TWE
(M4, 1995). WSSO A A FFIKIZE, KE S Hm
DEBADEELTwS,

3. BtHEREOER - 5%
1997 £ 6 A MMIAEER
# b F 5 RO Sunrise SRR B1F B Ky L
FolEREAR, RPN OB L Bk A = — TR, S
AR CENHS LB LA ALFIWTF
280



Diveg3ds
Active chirmney
Dead chimney
Hydrothermal Mn precipliate
Alterad rone -
Clitt S
Direction of sulfide chimney ridge . "Dive 1008
Dive frack-ling ¥
Battom not in view

EZ Il ~=

1aog -

1350

139°51.90'E
| 1250

= |

-7 13gRER 00E

Foen | 060N,

e B S L7 SRR Sunrse SEEEIZ B ST L A 2000002 2 2 RIS 5 BHE A = — Skt v v Y B a e
A B DABE 2 iz Sk iR HE 55 052,054 B U055 #1907 SEG HISHT = 2 4 O TH 0 Ao S 1008 5 B S s 4

DTHE.

Fig.2 Track = lines of dive 624 in 1992.dive 396 in 1096, dives 952,954 and 955 in 1997.and others in 1988 surveved by  “Shinkai 2000  and
diztribution of chimneys hydrathermal Mo precipitates and other features.

fibicdico T, P-MHFMICEDT 5 4 4 DiEaiio
MWEELCTHALTWD (H2)., ZoFL=—1Fi,
1,350m fHEOSERBERVIZBT D ER, 6, &L
T 250m, WEHI0maEomEREe Y > FiL
EEZHEEL TS (H3). Mk Fi=—FldoT
B S Bl O 0 oW, AT EOKELITOM
A, 1L220m DA FSHTFRRETLIEESL
400m Bl LEE L TAM L Twa, JOERT T F
A=k, AVFIFRIIRLIEVHTEABEL T2~
IMEE ImohT T » FIREREL, @38 emiiE®
Fho—%BAELTHE (BHED. —K, 7 UL
73 1,250m L TSRO 20m BL 20, WS
HISmELEIZERIEL S #oF A o—=D FildHE G L
THALREERE L Twv b, S0 M o3 M B4R
e, #RAtE= o Bk B Ot IR P L
BT d, W Lo o =—B 3RO~ 7
FibE=ms, Z@a=s > i, 2aPLeFa=—
T, TORMECEBL S LA D —, MBI RA
RN EOR BT TR, 4, i
226

Ao—fFOPIlE, Fho—E STy Y FibIEO 3
WA A Hdmiigs, 2oy » FBmizi,
0 A R A D R L AR R A SR S A iR
b & T O F o Mgk MR m b & O e HOL
% (-
FL=—MmE id, $TIEIEEIL L T a3,
i o E PR DB OBRATHLTLAF A= —
Hbe WML F L ==, F O PMIZH I L Sdcode
HEET L oMacbBm & icib-Tuvns, £,
B EOMBEENLF L= —121E, Yrdh 4 ey H,
A NFHZRBE AL FOBRAEDTERAS BB L
Thrd,
ARFIRERTEE S lem®D< 2 H 25 2 B
RS 1WemBOST »H o Fho—h, FLT, ALFS
AL VY ERAE DS oD A 1,106m B T8 1,000m 1 5 o REER
DB ERTE BT, B LATF L == RURE
FERICALRAQRKEREFGHLTHE, s
&, Sunrise mEIZHAT B H R G E o4 K0
AR F & = — B F R 2340 700m B OF 3.5km o) |1 Py

JAMSTEC J. Deep S2a Res., 14 (198)



FERRISAEAT 4 B0 2 o0k i EE JE 3 0 2k L B ) D o
% Sunrise #EIZ A 6N B 4 AD RO F L= —Ho
EIE, WHELL D EfcEET AT e Y b E
ORI B 6 3B L PE—mg M oo KRR A 6 s A
NBIEF DK (B4, 1969 ; Takada et al., 1992;
Suga, 1998) E MAMTHEZ 26, Shbaklis
EMLTw 30 AaF 7 b= v 2 2P E
LEHH T B ARt HS B 2 2 2 REB LTS,
WHiER DA v FSHENRICRE SR EED <~
< FOBBUE, B0 ik (Fouquet et al., 1993a;
Halbach et al., 1993) %> v ¥ {41 (Rona and Scott, 1998) iz
BT BWALHE R OB KOS DT 5,

1998 3F 5 A MMmEEER

MEEDBFM R I D RE SR AL FFEIERD
Sunrise 8 H O R R T 630 AL R UF 1996 5B D8
OIS PRI L 22 il A5 e R AR % 2 4o 06 A BR S D HF
AT B H L5 REIT BT 5 WA LR 2 D Ny
TR LAe B8, WEITH TR, HEL DU
RO F AT T v 7 AE—2 Ml T 2B LE
M HETHEERF A= — (RIH) RUFOLERN
DFL—FRALL, CheFi=—nHAITIHT,
MR LRI s nFH=, 38303 B iy
HA4Ryralard otk rEimias
Mz, Fh, AW AN F IR BWTIE, B RSk
KEMllTaHBEFLZ—FREL, FOMBORKR
AT TR R LA, S 2T, LD, diEcE
N Lt Al TR ) (R

AW, Sunrise 85590 1 TSR 00 RIR 1,252m (i
FTH2ADPHEMOF L —F FHTVWBOD EDOE KL
FhLha—Thb, ME20NHBFL=—, +0%k
SO 4 G 2T ISR T B 75 v 2 AE— 2 TWHN
LTwd, KWfopRiEBicE, SE2nidyrady K
FLE—BHAi LTS, KoL Bomm+—
M= FLTHED, FORIBEIERS &Rt
FTOEHGITE, Y FIT AL RS -2
FA AR A LT, R L A R,
e forba s P D S T

Wik L= —@agdid, mEESShioairrh s
SIS KA RIEAD 2L, P& {TH 400m % 400m &
MMz B 30m T Bt = » Fikosiiich s o
EACHI L oo fERWF A= —&ES e v v F b
BRI - il L Twa 2k, Ei,
W o @y » F RICFe L 20 -Hdim

JAMSTEC J. Deep Sea Res., 14 (1998

BLTYY Y FORBEIRARTWE Y, MEE
TR (A L e

PRE L SHEDFHRERETLE, FL=—THlES
M BAGREEA 200+ M2 5 MM H L FISEOTH
EWO2 M ET S 2 LA R o A

4, IFEL b T L= — O ihiamk

ThETCHEEEI VTSRS SBRL AR,
OO 5, B ERICEOERONFE LR
FfaoFio—, BERD rRRaFRE{kS, L
T, REGERRRKABEISHTEIL NI TES, o
ZCiE, 19974E6 F Off A MA OB, Sunrise SEERIT
BTk s i@t oo —ilonTiEd 5, &
I L7f{esF & = —if, REO#Ace i+ 2iE8hi
HLo, WO FERLTVALOEUTT TLEM2#1L
LTLE LD THE.

FRIE 1,340m {22 190 BEDRAO BRI LTy
A8 S#250em I 2T LA =—® L 35em &
L. o REo Tioikhkomsicd -5,
2~3mm B T OEFHEHERORSHENSRN, Fho—
Eipizid s oo TEOFMIPEL HDHHEmMERL
Twd (HH2), TOWEEE L HIIHTEERRED
P i S AR T MO S A AT h D HET S, FhS
=l S0 B A O M EE A 5 F A = — O A5 T,
Brmm O SRS BREVF A —FMD £ &, EX
P ARG, HTR o D G B DO R e S A
WERLTYS, WL L8R BMT LR GRKAaE
OFM W AF L — AR LT A 2 LA, F
Lo =GR O R, BT L ASkEic ko TR
WENTWBIESESEFL RS,

FHEE¥ORZAAZEmONESoEEhFL=—D L
G0cm B A& b 7 7 T RO KT 1,280m 2 B3 THRILL
F= (B2, ZOF Ao —OERBOSKIRCNET T
ML TEY, FA—ofHlZRp GO TRoTh
AHAHLL TV, SOF A =2 T 5 R
., HIEONESETHL. FL—DRM 5H50
~ G0cm F RO & = — oAz, lmm Bl
OEE O NS EAE L, FRE D AR AR
LTy, Foo—5md o NS L TS
Wo# Ao iikiciz, PlgHEsmiLTvbe JOR
WisGaE B izid, Bk 0 A, ahdn Sy 4 b
o B, MR, GRS, TRETT, {00 PRI MO
BehiatiBLTvD, K Foo—TlBMKS
bt TiEW D s L s oo il Moko

227



B BAHZ WA - TR AR BRO I EHE, & e
WM, 2u7 s —AROoFREPTEEE S
o S AP HERMEEOMIESE, <Ly FRPRE
S PEEHBECWERE S L TlREMSEAREONGETSH
-"-f:)ﬂ

Ak LA e F A =W o,
YoM, PROEMT I A, HEM, AT
PHEEEYHSHESRTED, RikoiBizd Tz
MULTHSTHEVL DS, dNrHETEs 0T
EEA A F A =T E DM oTWE, T,
BAOMEEHFHASHLF A —REICIE, FoimgBn
B A RO WA ET AL d A,

‘Walar depth (m)

Dive 952

1200

SE caldara wall

1280

a5

1300
95214

Sulfide chimneys of more than 15 m high
i 9526

1350

Dive 955

Lira 1

WS

Sulfide chimneys of 5 m high
Sulfide ehimneys of 2 m high

-

43

BR+E R b R U0 7 O M LEE LD
OAEEEFA R O b

BHAREALFSIEBLT, TR TIEERRLAL
ADFho—, 28R, 2 AEHIR B O 1 ARBEAL 40
M %8s @44 2T, PR S (A,
Ag, As, Sb, Fe, Ba) B LFICP##F (Cd, Cu, Pb, Zn, Si02)
TR LA 21iCiE, 2095 b 18T N BTk
FEEM oW TR L TH S,

G+ & = — v QP IE Sk + E RN &5 5
iy itk (3R A OB AG N B AT L st
49ppm TH Ho F i = —DFOUO{bEHEL, 8
75 3,400ppm), BEHE (WL owtk), T FE > (i

5.

Breceinied / Massiva

I
Boddad [
.,r o
i

| Standing chimney

-| Collapsed chimney
Braceiated massive sulfide
=— Hydrothermal Mn pracipitate
L7507 Muddy sand

! Rock

Giray smoker

_ Shimmerning walar

=== Sample localion and Na,

===~ Bottam not in view

EME
Water dieplh (m)

1320

1330

1340

13540

13260

WL Y. 0 e 7 5 B CRB 0 Sunrise SEREZ S5 0T S 5 052 B UFHE 055 IS O TR 1 o0 28100 Hh T

Figd  Surface peology along track — lines of dives 832 and 935 in the Sunrise deposit, DNve 952 shows surface geology on a sulfide ridge
oecurring from the floor to the lower wall of the eastern part of the Myojin knoll caldera. Line 1 of dive 955 idicates surface geology along

the isobath of about 1,350 m.

228

JAMSTEC J. Deap Sea Res., 14 (19588)



2. 3wt%), # F3Iva (IRI58,930ppm), M (dEN
S2wi%), & (WS 1lwty) b o EERL, Mol
FOiORFOME NN { BoTnE, FAL2—RDk
7K 300 B P M 0 B SR % O SRR AL & T B RO &,
M, BE¥E, TUFEY, H NI AEEE, NI
iﬁLT%%ﬂMﬂ+a —EBA O E L DS HIT{E
Wil bz gy A, MBI IR R B R IR, @
(IREws 25wt%), 8% (f@r37wt®) 20U H (IR 17wt%)
AT GWS, BRI, Skl Pakz v
Bdts L0 A (i 45wtS), 290 % A (Y 46wik),
B (EE4,530ppm) ISR A TS,

EEATRE, T A= —, BEHDRT (B B OB
BiEBomiETFrsHmics 5. MEFRICMLTS
Fifeofaifn AR 5 h 38, —H ok Rmibia gl
R 4.530ppm ER LT WA, ¥ HIRF A=A
Tiddedp £, BLAK, MR PR SR {ES T LA o —
Mo ha etz 8t =t > ko SIS 40wk B R4 S
THEATVA., AU S AL, Sk, Fa4=-—, 2L
THAR R O RHRFAE O IE TS 2.

W] b 3E I A 5 F IS BT ERIE U A ek i ook
e o g4 STl M MR B, -l 2 kes-7
Erogladhedo. 9, FLT, &-AFIWLLEE
-4 F 3w A0, TORWIERLTWS, HEH N
TIN5 3. Skm BRSO A A F I RIZ B
TR LA 0 A b e b S B A B 5 0 3 T fil =
bz¢ . AT WO RO E-aHIW (0.
Bl 3540l hd, 152, B2HLEYIE, P
WL SEMTHME S ATV LI 2 e-TioHm
MEL v 2, ERPDESTRE RN e LT
i+ 2 WM E M OH N D A Z N TS IEE
DM s s

FEEME LR, TR, ThedERs B 0 S Al R
ooy oo - 80 - 8 NEER - ERONER IR O LU
&, Wik T O B RIS T DAFR O RPN SR -7
(e2), e - BRI S8 o0 1 kg e fE G F oW - Tl
- e g heLE, LR SR AR MR dE LS H~ TG A

Bty SopfiEOA R E DS E {, HLAT S
DT Pt o 8 Sl A~ DU TR B 1% L O R T 2
TRE I E g, PR RE Y B LT e - 81 - 3
WEH s B RS 06O & WA RO S
g, o o o ORI A HE 1L 0D T @2 LI
TE G Eda L TwvB. -4, Wi e o U T8
WA EL b T T RO RBEORIZE L RN
Loy kg hdiomeflizai L Tuvd. B, MEXID

JAMSTEC J, Deep Sea Res., 14 (1998

70> b Lol E S RKRBELIZNLT, SOX5k
WemE ARy T E L Ty 5 OE, Hutchinson
(1973) A e L IZPE S5 RN R ER PO EE &
PSR G EFRR LA L S, BRI g
ORI, BT EE O AR X D B EEA T &
CIHRIELARIER—RELELSRE,

6. ok ESIARE OISR (1998 %8R
DERFER)

Mook AR IR, 1998 @ b B D TITH A
(197 SE DA TR FMOLHERI R d o
f2)e BROBIE RIS EEE N 7 H - FIERAS
(B vE, 19900 W/, IR HAE O
WA TLARShiv I sRERNGHEESES
F=A%, HI012HET L AHn2000] WSS FL=
=ML fFr e T roqy PRIGEREST S 2T, o
b abdhTHOWNWEEERL 2N TES,

g Re —E RIS, RlshERIzon
TCaille: Melir%: o w FLAOFRITH S, —
S MgiBEEAOIC R B 26, FRLER
TmiBEOSFEr oL Ty b T AL DL RS
Lz by, ZOHSERRLIEROREIERTSHY,
FOYYR A AR S (k] Tk
OEFHE A LA TEL, M4z RLEHE S
ks, SEERE ST T ORIl L -4
OEEOTHDISEERE-TED, —208ml s
TR O MA DI 2R ET LI LAHTED D
Edibhd b, REBERMTOHEIHTIT-THED,
HRIZ A 25 eI o Mk#10-2 1308 { R AT 5
lhddd &9, BURIBEHESE LThd & v R4
(i1 T

Z O Wit e B s L e, ] CA R SR N
Wi AR TR2 o T ABRAROZH (0T,
199 & iR THL, T TEHERGTDI L,

o PO EE L TCOIEER XA FF Rk E
LTCalBeaydilo: -, 7a» b LA, R
OHORANE (@ED AR oA (O/) & &
B, hEROSK (+0D @b FEEHE LD
(2 F L s, MiEodatcid, W CHHRETHALR
it e & @ & HEANT Cailf L AN D AR T
HH. MUAEEMT R0 222208 KROMHIE
AEANE AV A B E T E v S AT R MMEE S, ko
{EFEHEA IS L > TERERTSHOPE 0 KA L
P T ) b Bl EAMMETES

229



1 BaEhiER S b7 T BRI DL

Table 1 Chemical composition of representative hydrothenmal sulfide samples from Myojin knoll caldera

Au* (ppm) Ag® (ppm} As"(ppm) Sb" (ppm) Cdf (ppm) Cut (%) Pbi (%) Znt (%) Fo' (%) Ba” (%) SI0.4(%)
Suliide chimosy
95213_ 20 110 580 35 g8 3070 .08 033 2520 0.05 010
BOB4C 23.0 3400 19000 28000 . 80ap G459 TO6 2200 250 3.80 23z
49523 49.0 1700 G500 5200 E040 B.5S 1.55 ITA0 B.E2 1.80 247
95232 48.0 950 2600 35040 SEED 2488 0,91 52,10 455 0.50 3.04
o541 38.0 2300 2400 4100 2HED 1.28 704 3850 947 1.50 0.31
452142 300 2400 3100 4000 3020 2.5 712 3B.4 B37 <DO2 4.18
95244 36.0 2000 BROD 4400 2170 0.98 342 4210 .44 3.40 0,91
4525 38.0 2100 G800 AT00 1610 0.83 4,30 3480 7.o8 870 .51
BES2 380 2600 2300 4200 1250 Q.66 11.00 33.30 284 250 1.63
85211 250 7o 3200 1500 208D 3558 1.24 31.20 12.10 3.80 1.29
9_52-53 30.0 2500 G0 3000 1200 0.56 583 3470 12.00 1.80 0.25
BRA12 a5 180 1300 3a0 102 0.2 o.B7 379 342 83.50 033

it (sl )

G581 2.9 a5 1800 210 28 Q12 1.42 1.36 Q.99 9.50 49,40
Lavarad sulfids
S522 0.8 100 330 = 145 2460 Q.02 177 21.20 0.7 16.00
BaB3L 1.0 £ 170 26 89 014 Lol 1.40 AF.40 0.84 17.40
BoE51 3.2 54 1200 1440 4 1140 ond 077 27.30 0.20 16.70
Dlzzeminated suffide
624-3 3.3 a2 2200 400 495 0.81 046 1020 B30 B.10 44,64
[0z 1.3 4530 550 250 14 31 Q.14 0,30 207 458,20 9,68
average (M= 44} 18,4 1088 4477 3180 1857 562 200 2033 1276 613 9,83

Elamen datarminations an dry basis wara carried cut by "= instrumanial neutran aclivalain anahysis and 1= Edudi'mly coupled plasma emission analysis
[®-ray Assay Laboratories, Canada). M= number of samples analysed,

o2 EIAE T AL, TV AR L B O b R A BT 0 T R RLE o Hekk
Table 2  Average chemical compositions of sulfide samples from island —arc,back—arc basin and
Au Ag Cu Fe Zn Pb Remarks
(p.pm) (ppm)  (wh %%)  (wh %) (Wi %) (wl %)
Island-arc {lzu-Ogasawara are)
Myojin knoll (M= 44) 18.4 10838 56 12.8 20.3 2.09 this study
Suiyo seamount (N= 16} 24.3 181 12,5 16.6 19.2 0.62 ref1, 2
Back-arc basin
|1zena cauldron (M= 31) 3.9 1823 4.2 6.6 223 11.84 ref 3-7
Lau (M= 64) 27 194 58 10.8 2009 Q.42 ref 8, 9
Ocaanic ridge
TAG (N=85) 4.0 59 11.2 271 55 0.03 ref 10-12
Snake Pit (N= 44) 1.7 73 7.9 36.5 5.2 0.04 ref 13, 14
Explorer {N= 48) 0.8 124 3.4 288 5.0 0.1 ref 14
Axigl Seamount (N= 18) 4.2 188 0.3 449 18.9 0.26 ref 14, 18
EPR13°M (N= 41) 0.4 46 7.3 253 7.8 0.05 ref 16, 17
Galapagos (N=17) 0.08 17 47 287 0.8 0.0 ref 18

ref 1=030 - 88 (199 3) .ref2- JBD - |/F (1 9 94) , ref 3= Halbach et al. {1989),
ref 4= HAK - hft (1 9 8 9) , ref 5= Halbach et al. (1993), ref 6= h§fi3H (1 990 0)
ref 7= 0 (1 9 8 9) ,ref 8= Fouguet et al. (1993a), ref 9= Herzig et al. {1993), ref 10= Hannington et al. (1888),
ref 11= Rona et al. (1986), ref 12= Rona et al. (1293), ref 13= Fougust et al. (1993b),
ref 14= Hannington et al. {1981}, ref 15= Canadian American Seamount Expedition (1985),
ref 168= Fouquet et al. (1988}, ref 17= Hekinian and Fouguet (1985), ref 18= Embiey et al, (1988)

220

JAMSTEC J. Deep Sea Res,

T4 (1998)



€0 T T

]
Dai-myojin
Mic. #9541
Mk, #5-4
Mk #12-1
Mk, #10-2 |

Seaawater

I
=
|
+ X ¢ H P> 09—

Ca (mmolkg)
S
I 1
F 4
|

U | I 1 1 1
0 20 40 60
Mg (mmol/kg)

[ WRDR TR S R 2 B A Ca il & Mg il
Fig. 4 Ca— Mg plot for the samples collected from the Myojin Knoll.

’120 I T I I I I
+
_ ; i
zae LAY
g:r 80 — o+ —
fs]
= . |
g 4t
o
S 40 —
+
_|_
g + i
L ‘¢+
0 - 1 | 1 | 1 | 1
1] 400 800 1200 1600

Cl (mmol/kg)

[5G EERe A E 2 i A AR B U D B AR HLE D R
Fig5 Comparison of Quid chemistry between L ~ Bonin Are and mid — oeeanie vitdge. Solid eivele | Myojin Knoll (this study) .open circle :
Suiye Seadit. (Ishibashi et al, 19894) erogs | mid = pceanic ridge  (compiled data by Yon Danm, 19853} .

231
JAMSTEC J. Deep Sea Res., 14 (1998



7. EbHIC
HirsmolfiEL s LS oRBIZS0 5
F b == B USRARGRAR Y & 4 ) BN BN SERE O 58 Rk,
L P IR Z S ER b F 2 b2 2w 5 o
YFORNZTEY FTEHADTTHDL, - OBAKHE
i, FORAFT R E LS 400m LS 400m =
NmE o= FipEEzRL, £BOBEDFL=—,
R L RAEEFE>TVE, 7 ¥ FLo,
ZBMEMT T o ¥ AE—F #MIHT A F L=—OuEIR
30m iz LiET S, ZOEEOERUE, FILRRTY L
FHIZH AT AEEOHEAEMEEIZKET 5. L
rd, ZoTESNAREE, B - 85 JEsR - 8k - 2
Ve L flEedg - SR Bt o EKIZERE R
it odhTiEme o LR L, IS, e,
WAL 2 e rh iR E AL O ENE DI DB NS L,
MvdnegAitiE, MM FF 7oREEEAKEADL O
HATE N AP ENZ R

HEiEEA L FFIoBT, SRETHLNLZHE
DA O R ERE, Al FF 7ICERS N
PEE o BERIGE R E=EREZEES R
SMEERICEHUT A EAE I EERL TS,

HNF 5 WD Sunrise WHEE AL FFLEHRO
ME#10-2138 { R AT TH LI b dAb ST, #
HFILFHEAFRETHAZEER LT D, 72, [
U R S0 b oA i B & A gL o 20 D 3ROK R 0 B Ak
SEA VB TR R R,

B g A 7 2 12 B0 2 B R EASE R o 38 R,
S - AENGIAESIZ AT S E oo iR A LT F
24, Wik A A7 5 OWeYwaEizmgk+sto
AT S RENEE R L CnE,

b i
(L AAV2000] M8t — Lk o2 (2L %)
DENBOHF vz BRI % s/ L EDF~ L,
I BB L I ET,

&8 F

WFACENE - A - (1989) @ {RRREESA, SRE A
FE2aF 4= —REaigdh, RUELEF L =—ddl
fl B G, [ LA D 2000] WFFE 3 A8 379 4
Wi, 5,197 210,

Candian American Seamount Expedition {1985} © Hy
drothermal vents on an axis seamount of the Juan de
Fueca ridge, Nature, 313,212 214

232

Embley, B, W. L.E.Jonasson, M.R.Perfit, I.M.Franklin,
M.A.Tivey, AMalahoff, M.F.Smith and T.J.G.Francis
{1988} : Submersible investigation of an extinct
hydrothermal system on the Galapagos ridge
Sulfide mound,stockwork zoneand differentiated
lavas. Canadian Mineral., 26,517 =539,

Fouquet, Y., G. Auclair, P.Cambon and E.Etoubleau
(1988) : Geological setting and mineralogical and
geochemical investigations on sulfide deposits near
13°N on the East Peific Rise.Mar.Geol.,24,145- 1785,

Fougquet,Y.,von U.Stackelberg, J.L.Charlou, J.Erzinger, P.
M.Herzig, R Muhe and M.Wiedicke(1993a) : Metallo-
genesis in back-are environments @ The Lau basin
example. Econ.Geol 88,2154 2181

Fouquet,E., A.Wafik,P.Cambon, C.Mevel, G.Meyer and
P.Gente (1993b) Tectonic setting and meneralogical
and geochemical zonation in the Snake Pit sulfide
deposit (Mid=-Atlantic Ridge at 23°N)  _Eeon. Geal.
88,2018-2036.

Francheteau,J., H.D Meedham, P.Choukroune, T.Juteau,
M Seguret, D Ballard, F.J.Fox, W.Normarky, A Carranga,
D.Cordoba, J.Guerrero, C.Rangin, H.Bougault, P.Cambon
and R.Hekinian(1979) Massive deep—sea sulphide
ore deposits discovered on the East Pacific Rise, Nature,
277 523-528,

BRI CRRE (1983) @ RS Y I TRBR SRS,
S LB T W50, 11,5568,

Halbach,P., K.Nakamura, M. Wahsner, J.Lange, H Sakai,
L.Kaselitz, RE.- D.Hansen, M.vamano, J.Post,
B.Prause,R., W.Seifert, W.Michaelis, F.Teichmann,
M.Kinoshita, A.Marten, J.ishibashi, S.Cerwinski and
N.Blum (1989) ! Probable modern analogue of
Kuroko-type massive sulphide deposits in the
Okinawa Trough back-arc basin. Nature,338 @ 496-
494,

Halbach,P., F.Pracejus and AMarten (1993} : Geology
and mineralogy of massive sulfided ores from the
central Okinawa trough,Japan Econ.Geol. 88,2210~
2225,

Hannington,M., P.Herzig, S.Scott, G. Thompson and
P.Rona 1991 . Comparative mineralogy and
geochemistry of gold - bearing sulfide deposits on the
mid - ocean ridges. Mar.Geol., 101,217 - 2485,

Hannington,M.D., G.Thompson, P.A.Rona and S.D Scott

JAMSTEC J. Deep Sea Res., 14 (1998)



(1988) © Gold and native copper in supergene
sulphides from the Mid-Atlantic ridge, Nature, 333,64
-6,

Hekinian, H.and Y.Fouquet (1985) : Volcanism and
metallogenesis of axial and off—axial structures on
the East Pacific Rise near 13°MN.Eon.Geol.,80,221-
249,

Herzig,P.M., M.D . Hannington, Y.Fouquet, U.V,
Stackelberg and S.Petersen (1993) : Gold-rich
poly=metallic sulfides from the Lau back arc and
implications for the geochemistry of gold in sea-floor
hydrothermal systems of the southwest Pacific. Econ.
Geol,88,2182-2209,

Hutchinsonm,R.W. (1973) ! Veleanogenic sulfide
deposits and their metallogenic significance.Econ.
Geol.,58,1223-1246,

lizasa, K. (1993) ! Petrographic investigations of
seafloor sediments from the Kita-=Bavonnaige
submarine caldera,Shichito—-Iwejima Ridge,lzu-
Ogasawara arc,northwestern Pacific. Mar. Geol,, 112,
271-290.

lizasa K. (1995) '@ Geochemical assessment on hydro-
thermal contribution to floor sedimets from the Kita—
Bayonnaise submarine caldera, [zu-0Ogasawara are,
northwestern Pacific. Mar.Georesources Geotechnologry,
13, 330-355.

fiific 435 - RS.Fiske - M 2HE - MM (1995) @ Wi
g (S b — RS 7T ) OREARIRTNI
5 b AMSTEC iRHEF2E,11,341-350.

Wifir g - M - BEEA -V Fr—FT7 4R
(1097) @ W E 4 7 250 S HEF A =
— & P 9 #AREE T JAMSTEC i i

lizasa K., S.Terashima, M.Sasaki and K. Marumo (1997)
Volcanic~hosted sulfide-barite deposit from the Kita
-Bayonnaise submarine calderalzu-Ogasawara are,
northwestern Pacifie Mar Georesources Geotechnoloy, 15,1
-20.

lizasa K., M.Yuasa and S.Yokota (1992) @ Mineralogy
and geochemistry of volcanogenic sulfides from the
Myojinsho submarine calderathe Schichito-Iwejima
ridge,Izu-Ogasawara arc.northwestern Pacific. Mar.
Geol., 108,39 58,

FRERL T - FRESARD (1992) K- NERURIZASET
A ERALAE Tk X D B R IG B T HLER, 14

JAMSTEC J. Deep Sea Res., 14 (15998}

(8) ,489-492.

TIAHE— BB - A H9 0BG R o, 98 00—, MR A, RO
JELAERA AAE (1994) o RSN, L BREE LB
7§l % B K S 0 SR 438 L JAMSTEC iR i 0F
%6,10,89-98.

Ak O - gl (1992) C AREGELOXOETERS
ALtz RN S R P B H P B ER, 14,484 488,

H sl - BEECHE (1985) [ AERETGIESTRER S
iR 7 7 A T HLER,7.638-646.

HE— (1969) @RI E EE L 2z 0SF o
.20, 14,820

it — - AR - WAREN (1990) Ml kS 7 E
RHTARBERAEEERLFCBILSTF vy - X
e — E TRMEREICTOHRETHEEN Ry
rw—2) OFEL [LAH2000] BIRES RY
7 3 F,8,33 - 50,

Rona,P.A, M.D.Hannington, CV.REaman, G Thoempson,
M.E Tivey, SE.Humphris, ClLalou and 5Petersen
{ 1993) : Active and relict sea— floor hydrotheramal
mineralization at the TAG hydrothermal field Mid-
Atlanticridge, Eon. Geol., 88,1988-2017.

Bona,P.A., G Klinkhamme, T.A.Nelsen, I.H.Trefry and
H.Elderfield (1986} ' Black smokers,massive
sulphides and vent biota at the Mid-Atlantic
ridge Nature,321,33-37.

Rona,F.Aand S.D.Scott {1993) @ A special issue on sea—
floor hydrothermal mineralization @ new perspecitves,
Preface, Econ.Geol. 88,1935~ 1976,

15 L, T e D e i, e R AR R F
B A0 A A BRI e AT (1990) ¢ L
A 2000) 12 & & FHERBERMARRORIRERE
WEE © 45413 [o] Je OF 45 415 BIRRALHNS, BT E 424 [ul
WAL TR LA TR R i e EWIsow
T, [LA#W2000] FF9C s R &0 A 66085

Sillitoe, R.H. { 1982)
hosted massive sulfide deposits. Geology, 10,403~
407,

Suga, K. (1998) The evolution process and its character—
istics in the Hachijojima volcanic group.lzu- Bonin
Arc.  The Quaternary Research.vol.37 no. 1,50 76,

Takada,i., Oshima, 0., Aramaki 5., Ono I, Yoshida, T. and
KajimaJK.(1992) © Geology of Acgashima volcano, [zu
Iglands, Japan. Bull. Voleanol Soc Japan, 37,233 - 250,

boACYES - 0 e - SR A - B - o
233

Extensional habitats of rhyolite-



(1981) @ /S8 [5G SI  3f PU A2 35 RLAE A1 B o0 BY B4
oo T 3R 3.421 - 432,

¥ - GASB—ER - BREE - AR - Mg -
R5.Fiske - {hZHE (1995) | {FEF - PAEFER L~
g A — XigIE 5 V7 5 O RAED JAMSTEC iR iF T
%£,11,333-339.

IERMLAE (1989) @ AR (BERY A 1) QK
O MRS - B E OBV T- [LAMN
W 2000) FFFE S ¥ F 8 2 5,191 196.

Urabe, T.and M. Kusakabe {1990)
chimneys from the Sumisu rift,Jzu—Bonin arc :

: Barite silica

possible analog to hematitic chert associated with
Kuroko deposits. Earth Planet.Sci.Lett., 100,283-200.

Urake,T., M.Yuasa, S.Makao and en—board scientists
{1937} : Hydrothermal sulfides from a submarine
caldera in the Shichito-Iwejima ridge,northwestern
Pacific.Mar.Geol.,74,295—-299.

Usui A, M Yuasa, 5. Yokota, M Nohara, A Nishimura and
F.Murakami {1986) @ Submarine hydrothermal
manganese deposits from the Ogawawara (Bonin)
arc,off the Japan islands.Mar.Geol 73311322,

Von Damm,K.L.( 1905} | * Controls on the chemistry

234

and temporal variability of seafloor hydrotheramal
fluids.” p222-247.InPhysical, Chemical, Biological and
GeologicallnteractionswithinHydrothermalSystems.
Monogr.v.91,Editedby].Lupton,L.Mullineaux &
R.Zierenberg, Am. Geophys. Un., Washington DC.

He—4f - YEAFRE (1993) @ RBMREILOQHLIE - HET & Bk
ABEEE, LA A & 2o 3oy B LE,9,77-80.

WAl —H - BT (1904) R - AERUHLATER, Ao
itk Il @3 BEAEFE . YT IR HL 1,494,133 140.

HkIA (1991)  E - SERLOMPEHQIIH S H
D ARA A A U A A AR 2 EE, 100,458 - 463,

A, (1995) [T Adrv 20000 02 & & EREETT &
WD RS @ B B A 3. 00, 40,277 - 284,

WA - 3 Lok (1985) A AERUNGOILTE - K -
it e RO A B S R TE, 94,47 - 66,

Yuasa, M., F.Murakami, E.Saito and K. Watanabhe
(1991} . Submarine topography of seamounts on
the voleanic front of the Izu-Ogasawara (Bonin)
arc. Bull.Geol.Surv.Japan 42,730-743.

(RSP . 19984ETH 14 D

(i) T2 H~— R8I

JAMSTEC J. Daap Sea Res., 14 (1998)



B AR A T F AR Sunrise SR OREILIT B DVERRA L B S O AE 1, 340m T B 1S 100 BE I S RN A s
Gl cen B [ A - WA - Biai s A N AEERF A S —B A S 0T M0 AR 1L200m J e s S B e S 15m Bl 1
P SR A = RO D H L F S U F AR AR 1,255m (2850 BN A AR & K I S S 15m BL Lo kS A s =R L
AASD AR F I FROME LTS AR L — AT Y > FOFEL DL S d1 5 i i,

Fhoto 1 Sulfide chimneys and venl biota in the Sunrise deposil. A * Sulfide chimneys composed of sphalerite.chalcopyrite and anhydrite jolting

grayish hydrothermal fluid of 190°C, B © Sulfide chimneys of more than 15 m bigh on the lower caldera wall at a water depth of 1290

m. T @ Vent biota on sulfide chimneys of more than 15 m high on the lower caldera wall at a water depth of 1255 m. I @ Cross
sectional occurrence of a brecciated massive sulfide Tayer in a mound associated with sulfide chinmeys,
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Photo 2 Sulfide cchimneys sampled at the Sundse deposit, A oA chimney,jetting 190°C grayish hydrothermal fluid composed of chaleopyrite
(yellow tint} on conduit wall of the chimney.anhydrite {white) and sphalerite {black) . B © A sulfide chimney,with diffuse
venting.composed mainly of sphalerte and vent biota o its surface. C U A chimney composed of sphalerite.silica and barite. 0 A cross
section of the chimey sample C which shows the distribution of sphalerite (black} barite and silica (light brown) and arsenic
compounds {reddish brown) .
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