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Active hydrothermal field associated with black
smoker in the Myojin knoll, Izu-Ogasawara arc,
northwestern Pacific
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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 chimneys and
massive sulfides significantly rich in Au, Ag, As, Sb, Cd, Zn, Fe, Cu, Ba and Pb, and vent biota,
was first discovered in the eastern caldera wall of a submarine rhyolite caldera, Myojin knoll,
located on the volcanic front in the northern Izu—Ogasawara arc. The Sunrise deposit analogous
to Kuroko —type Deposits is the first discovery in the rhyolite suite on the volcanic front and is
among the largest and the highest of such marine volcanogenic massive sulfide deposits in

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

may exist in the other submarine calderas in the northern Izu—Ogasawara arc.

Keywords: Izu-Ogasawara arc; Volcanic front; Myojin knoll caldera; rhyolite; sulfide chimney;

black smoker; Kuroko-analogue ore deposit
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Fig.1  Location of marine hydrothermal deposits around the Izu — Ogasawara arc (A) . Bathymetric map (100 — m isodepths) of the Myojin
knoll caldera,showing hydrothermal mineralization and other features in the caldera. Inset “c” shows in Fig.2 the location of the
sulfide mound discovered by “Shinkai 2000” .Myojinsho submarine caldera : lizasa et al. (1992) ,Sumisu rift : Urabe and Kusakabe

(1990) ,Suiyo seamount : Kasuga and Kato (1992) ,Kaikata seamount : Usui et al. (1986)
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Table 1

Chemical composition of representative hydrothermal sulfide samples from Myojin knoll caldera

Au* (ppm) Ag* (ppm) As*(ppm) Sb*(ppm) Cdt (ppm) Cut (%) Pbt (%) Znt (%) Fe'(%) Ba*(%) SiO.t(%)

Sulfide chimney

95213 2.0 110 580 36 8 30.70 0.08 0.33 25.20 0.05 0.10
8964C 23.0 3400 19000 28000 8930 6.49 706 2200 2.50 3.80 232
95231 49.0 1700 6500 6800 6040 8.55 1.56  37.10 8.82 1.50 247
95232 48.0 990 2600 3500 5650 2.88 0.91 52.10 4.65 0.50 3.04
9541 38.0 2300 2900 4100 2480 1.26 7.94 3820 9.47 1.50 0.31
9521A2 30.0 2400 3100 4000 3020 2.51 7.12 383 8.37 <0.02 4.18
95244 36.0 2000 5500 4400 2170 0.98 3.42 4210 7.44 3.40 0.91
9525 38.0 2100 9800 4700 1610 0.83 430 3480 7.28 8.70 0.51
9552 38.0 2600 2300 4200 1250 0.66 11.00 33.30 2.84 2.50 1.63
95211 25.0 770 3200 1500 2080 3.55 1.24 31.20 12.10 3.90 1.29
95243 30.0 2100 6300 3000 1290 0.56 523 34.70 12.00 1.90 0.29
95212 3.5 180 1300 380 102 0.29 0.87 3.79 3.42 8.50 0.33
9551 29 36 1800 210 28 0.12 1.42 1.36 0.99 9.90 49.40
9522 0.8 100 330 65 145 24 .60 0.03 1.77 21.20 0.70 16.00
8963L1 1.0 <5 170 26 89 0.14 0.01 1.40 37.40 0.84 17.40
89651 3.2 54 1200 140 4 11.40 0.04 0.77 27.30 0.20 16.70
Disseminated sulfide

624-3 33 82 2200 400 495 0.81 0.46 10.20 8.30 510 44.94
89242 1.3 4530 550 850 14 0.10 0.14 0.30 2.07 45.20 9.68

average (N= 44)

18.4 1088 4477 3120 1857 5.62 209 2033 1276 6.13 9.83

Element determinations on dry basis were carried out by *= instrumental neutron activatoin analysis and t= inductively coupled plasma emission analysis
(X-ray Assay Laboratories, Canada). N= number of samples analysed.

#2
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Table 2 Average chemical compositions of sulfide samples from island —arc,back—arc basin and

Au Ag Cu Fe Zn Pb Remarks
(p.p-m.) (p.p.m.) (wt %) (wt. %) (wt. %) (wt %)

Island-arc (Izu-Ogasawara arc)

Myojin knoll (N= 44) 18.4 1088 5.6 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
Izena cauldron (N= 31) 3.9 1823 42 6.6 223 1184 ref 3-7
Lau (N=64) 2.7 194 5.8 10.8 20.9 0.42 ref 8, 9
Oceanic ridge
TAG (N=85) 4.0 59 11.2 271 5.6 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 26.8 5.0 0.1 ref 14
Axial Seamount (N= 18) 4.2 188 0.3 49 18.9 0.36 ref 14,15
EPR13°N (N= 41) 0.4 46 7.3 26.3 7.8 0.05 ref 16, 17
Galapagos (N=17) 0.08 17 47 28.7 0.8 0.01 ref 18

ref 1=%:0 - &% (199 3) ,ref2- ;& - |4t (1 9 94) , ref 3= Halbach et al. (1989),
ref 4= &K - Bt (1 9 8 9) , ref 5= Halbach et al. (1993), ref 6= F#fiEH> (1 99 0)

ref 7=#i8 (1 9 8 9) ,ref 8= Fouquet et al. (1993a), ref 9= Herzig et al. (1993), ref 10= Hannington et al. (1988),

ref 11= Rona et al. (1986), ref 12= Rona et al. (1993), ref 13= Fouquet et al. (1993b),

ref 14= Hannington et al. (1991), ref 15= Canadian American Seamount Expedition (1985),

ref 16= Fouquet et al. (1988), ref 17= Hekinian and Fouquet (1985), ref 18= Embley et al. (1988)
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T DAL F A= —BEC - AT FRE T IO KTE1,255m 1235 2 EW 22 Bk 2 W3 5 45 5 15m DL L oAbl 7 2 = — B &
KAEM.D AN T FREFFEOKGEL26TMIIB 2 F A= —%ED 77 ¥ FOREIE S 15 Mgk k.
Photo 1 Sulfide chimneys and vent biota in the Sunrise deposit. A : Sulfide chimneys composed of sphalerite,chalcopyrite and anhydrite jetting
grayish hydrothermal fluid of 190°C. B : Sulfide chimneys of more than 15 m high on the lower caldera wall at a water depth of 1,290
m. C © Vent biota on sulfide chimneys of more than 15 m high on the lower caldera wall at a water depth of 1,255 m. D : Cross
sectional occurrence of a brecciated massive sulfide layer in a mound associated with sulfide chimneys.
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Photo 2 Sulfide cchimneys sampled at the Sunrise deposit. A : A chimney,jetting 190°C grayish hydrothermal fluid,composed of chalcopyrite
(vellow tint) on conduit wall of the chimney,anhydrite (white) and sphalerite (black) . B : A sulfide chimney,with diffuse
venting,composed mainly of sphalerite and vent biota o its surface. C : A chimney composed of sphalerite silica and barite. D © 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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