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Abstract

From November to December 2016, a scientific drilling cruise CK16-05 by using D/V Chikyu was performed at
Hakurei Site, Izena Hole, middle Okinawa Trough to understand mainly the metallogenesis and physical property of
the subseafloor sulfide body. At Hole 9026A of the deepest hole down to 180.0 mbsf, lithologies of drilling cores, in
descending order, are (1) underwater debris flow deposit (pumiceous sediment), (2) hemipelagic sediment, (3) subsea-
floor sulfide body with two intercalated layers of hemipelagic sediment, (4) greenish hydrothermally altered clay with
pyrrhotite-cubanite veins and (5) pervasive altered hydrothermally altered clay. Based on the all results of petrographic
observations, chemical analyses and geophysical logging of boreholes, genesis of Northern Mound can be explained
well by a classical syngeneic model, however, the subseafloor sulfide body was the most plausibly formed by “subsea-
floor pumice replacement mineralization”. Thus, the subseafloor replacement process (subseafloor pumice replacement
mineralization) would be one of the important factors to form the large-scale seafloor hydrothermal deposit.

Key words: Seafloor hydrothermal deposit, Pumice replacement mineralization, Izena Hole, Okinawa Trough, Syn-
genetic, Epigenetic
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Location and bathymetric maps of Hakurei Site, Izena Hole, middle Okinawa Trough (modified from Nozaki et al.,

2021'). (a) Location of Izena Hole, (b) bathymetric map of Hakurei and JADE Sites in Izena Hole and (c) detailed bathy-
metric map of Hakurei Site and drill hole locations. Red circles; Holes encountering the subseafloor sulfide body. Yellow
circles; Northern Mound. Orange circles; Reference sites without any sulfide mineralisation.
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Fig. 2 Simplified lithology of six drill holes along an E-W
transect including Northern Mound (modified from
Nozaki et al., 2021'7).
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Fig.3 Representative scanned drill core images of typical lithologies at Hole C9026A (modified from Nozaki et al., 2021'). (1, 2)
underwater debris flow deposit (pumiceous sediment), (3) hanging wall hemipelagic sediment, (4, 5, 7) subseafloor sul-
fide body with (6) intercalated hemipelagic sediment, (8) hydrothermally altered clay with pyrrhotite-cubanite veins and
(9-11) hydrothermally altered clay containing muscovite (illite) + chlorite + K-feldspar.
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Fig.4 Scanned drill core images showing the contact between hemipelagic sediment and the subseafloor sulfide body at Hole
C9026A (modified from Nozaki et al., 2021'7). Abbreviations; Anh = anhydrite, Brt = barite, Chl = chlorite, Gn = galena,

111 = illite, KIn = kaolinite, Mnt = montmorillonite, Mrc = marcasite, Py = pyrite, Qtz = quartz; Sp = sphalerite.

29.79 mbsf DIVEIL, BEERHL, FIEREE, PUMEEREE / v v > i
FIEREE, ERAIC X > THER I N LK FETH 5,

RBUK» LML Lo e E 2 b b, BEIEINIR 2 & &
YIS T HAE DB 8 (29.77 ~ 29.79 mbsf) 1%, RIFRIC

JEUE X 0 & FALIT BT, XRD OFEE B ITiE A,
1740, 2 VER AEIEBET S, BEICL->T
RV, 47410, BV RAOBELNERD, Thb
DR (= FHEKR) AuF¥Fvrelshies vy <
HMEE YT AERNTHL ELEZLN TS TE, ok,
165 mbsf fTIC I\ T H v < FERIE N 3% 28
7 BRI R sy, HEI2 T DA v I —F 2 — T HE
XD =L T2 E D, WK F O ENY 7o 2
K x E\ o tE 2 bR b,
32 EBEETHECHEEDMOELE
CK16-05 iz s\ Tk, WHRA DR U - 72805
AUTH a7 B OEIRE A [ X 57D, &ifo
ik B 23\ B I s\~ Tk HPCS  (Hydraulic Piston Coring
System) & %\~ SHPCS (Short Hydraulic Piston Coring
System) %P\, YA LY a7V v 7 CEEITE o
T\~ JE i 3 U 7- % 13 ESCS (Extended Shoe Coring
System) ZH\WTa 7V v 7 &{T-7, CO#EE, Hole
C9026A I+ \ T, WK Tk & = DI EoHERE Y&
Ol BT A & LB Li: (Fig. 4),
Figure 4 1%, Hole C9026A o ¥l 2 7 3k} o 28.5 ~
305mbsf O Z ALK Lic A* v vl TH 5,

30

5 L RN RO O BB 7o i b A JE  (sulfidic
sand) TH Y, WEBEEWIE FOLOWBE FHMA L2 b 7
Wb oo, BHAOE— FHEBNS < Too T % 05
WThb, TOEIbLTI2cm OFLYE (BRRE
T-Layer &%) X b EfLidsEMEREBCALL, B
RL, ERAPET SRR DRI Tk
D, FREICEREWIAE, fea, 174, HE
TH 5, T-Layer OFJ5cem ¥ L O 15 em B B D
HENMZIN LD, ZnbOAMERE» DI AE
THERT DI AV 4 FREBICEERL TS (XRD
DE—7RENLERES N DN AV F A b OE— FHK
X, ThEnf 1% B X 0% 21%), %7z, T-Layer »»
B 80 em EALICALIE T 5 JEEE CLHBEAF SR S h,
XRD O & — 7 i LEHEL 7o — N T, A
B 31% b 7L T\ %,

BIEEET



F AU DY B HAIR O o T 7 g HR A i B A R E Vv D

W Holes C9027A,B
Northern Mound

Hole C9026A

Subseafloor;sulfide/body;

Hakurei Site, Izena Hole E

Hole C9025A

Legend

Underwater debris flow
deposit (pumiceous sediment)

Hemipelagic sediment
Hydrothermal altered clay

Sulfide rock
(high Zn and Pb)

Sulfide rock
(relatively high Cu)

Pyrrhotite-cubanite vein

Immature sulfide layer
(colloform pyrite + marcasite)

Anhydrite-rich layer
+ T-layer (barite-rich)

Kaolinite-rich layer
Cap and/or hard layer

Drill hole

=) Seawater
mmsl- Hydrothermal fluid

Fig. 5 Simplified subseafloor structure of Hakurei Site, Izena Hole (not to scale) (modified from Nozaki et al., 2021'7). Abbrevi-

ations; Cbn = cubanite, Po = pyrrhotite.
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Fig. 6 Conceptual diagram of subseafloor sulfide mineralisation with pumice replacement (modified from Nozaki et al., 2021'7).
Abbreviations; Anh = anhydrite; Brt = barite; Kln = kaolinite.
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