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Hydrothermal Ore Deposits on the Minami-Ensei Knoll of
the Okinawa Trough
——Mineral Assemblages—
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The mineralogy of ore samples from the Minami-Ensei Knoll are de-
seribed. The sulfide chimneys were found by the Dive 547-34% (June 4th to
Gth, 1991) of the submersible “SHIME AT 2000".
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The hydrothermal solution is characterized by slightly lower temparature
than the boiling point. The ores are characterized by clastic ores, rather low
5 isotopic ratio of sulfides, Zn and Pb predominant ore, and high Au/fAg
ratia.

The siliceous ores, salfate ores, and massive ore mihgt be formed from
hydrothermal fumaroles as chimneys on the seafloor. The clastic ores are not
composed only of the fragments originated from chimneys, but also of sulfide
fragments of other origin. The lower concentration of dissolved elements of
hydrothermal fluid of fumarole suggests that sulfide minerals have precipi-
tated beneath the seafloor. On the other hand, low hydrostatic pressure and
the high temperature of fumarole at the scafloor sugpest that explosive events
have occurred frequently, by which sulfide fragments have been removed
from the underground. The ore deposits on the Minami-Ensei Knoll might

be compared with the upper parts of the Kuroko ore deposits.
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Table 1 Chemical compositions of ores from the
Minami-Ensei Knoll duering the “Shinkai
20007 Dives 47549,
Dre Type filiceous Massive Clastic
Sample MESLOY HES104 HES101 MESIO02  MESL03  MESIOG
In (wt%) 4.93 16,232 16,94 B 18 B. &3 3. 71
P (w1 1.2%9 T.06 T.03 3.55 4. 42 6. Bl
Cu (= ) 0. 89 1.65 2.4l 1.08 0. 86 0. &7
Fe (& 1 x 12 2.06 4.33 1.86 LAt .01
Mn (e ) Lr 0.02 0.02 0.0] tr 0. 03
Gd (& ) tr a.09 0.0% Q.03 0.0 0,02
Hg (# tr 34 o.ol 0.0% 0. 03 0. 04
3 (& tr kr 0.nl tr 0.0l 0. 03
Aa [« ) tr 3 n.04 Lr 0. 05 0. 16
L | 4.70 LI, 9% 14.21 10,33 5.51 0. 53
51 (] 9. 23 24.64 2l.03 3109 3147 17,63
Ba & ) tr tr 2. 86 b4l 136 0. 04
Au ippm) .1 .1 1.4 1.1 2.5 5
A (e ) 54.0 3g.0 2359.4 4z.2 56.5 11%.8
Dive 547 : MES101.102,103.104, Dive 349 : MESEOG. 107
¥ 2 WTEN SR OWERE B X ORI s O T
[ {4
Table 2 lsotope compositions of sulfide and sulfate
minerals from the Minami-Ensei Knoll.
Saaple Py ip Ce G Ah Gp B 3
Siliceous WESIOT HEELD
WESITL v22.3
Sulfate MES OB +21.6
HES 104 +21.4
Hasalve MES 104 2.2 +1.§
Claslic MES101 LF | +1.3 +0.3
MES102 0.5
HES106 +21.5

Abbreviations:

Py:pyrite. Spisphalerite.

Cp:chaleopyrite. Ga:galenn., Gpigypsus

Ahzanbydrite. Bribarite. 5:sulfure

3 X OF tennantite (Bt PDINEH I, (Cu, Fe) 124553
oo TRE4ITR L.
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A, T & I A2 = O T e
PR 5 4 MES 10712 Si0, 83 wi % 12583 B8
HCHL (F1), BHIIZFELLL ke
0, IR A0 05nm B oS
W 4 7 AEEE R quarte (R, Si0a)
Thb. 0 quarlz [FEBHLEKWETS B
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# 3 WHEMEE® Sphalerite 3 & UF wurtzite O {EEE
ML
Table 3 Chemical compositions of sphalerite and wurt-
zite sulfide from the Minami-Ensei EKnoll.

Sanple Mim, In Fa ¥n Cu Cd 5 Tetal
MES14-121 Sph G667 0.52 0.0 0,13 0.73 32,3 100.85
MEZID4-122 Sph 65.5% 0.68 0,07 B.1% 0.56 32,45 49,53
MESIB4-411 Sph 66,27 0.66 O0.0F 0.25 0.35 32,25 94.08
MEGEDd4=-412 Sph 65,18 1.27 0.21 0,46 0.68 31,93 93.77
MESLOLl=-1  Sph  BT.O08 d_46 0.1% 0.06 0.FF  32.22 100.340
MESL01-2  Sph  EE.B3} 0.45 0.15% 0.08 0.33 32,40 100.12
MESLO2=-1 Sph B5. 52 1,77 oL1ld4 0.0F 0.26 32.80 100.5%
MES102-2  Sph B4.77 Z.4F 0.20 Q.11 0,22 32.82 100.34
MESLO0E-111 Sph BE.18 0,46 0.12 0.33 0,35 32,30 99,66
MES10E=112 Sph B5.9% 0,50 0.15 0.10 D0.56 32 20 95.42
MES10%-1  Sph BE.58 0,87 O0.15 0.27 0.44  232.28 100.58
MES103=2 Wur BB.Z4 E.101 0.1 0.44 0.39 32 57 1d0L&T7
MES106-311 Mur  GZ.07 1,93 0.15 Ll.01 0.31 32.93% 93,0
MESI06=61 Mue  G6.40 0.65 9.04 0.13F 0.31 3R.36 0 99.89
WES106-68 Bur 66.6& 0.73 0.04 0.17 0.30 32.44 10D.37
MESIDE-1 Sph 6502 0.94 Q.16 043 0,23 32.65 95,81
MEZR0G6-32 Sph 64,18 2.05% 0.09 0.13 0.1% 32.39 9f.o2
Sasple Min.  Zn Fa Gu g Sk A5 5 Total

MES106=101 Rep  GE.E4 005 4.04 1.85 G.14 0.8} 30.6F 9873
MES106-102 Rsp  BE.ET 0.04 4.30 1.72 6,16 O0.2F 30,16 959,80

MES104 is massive gre, and others are clasbic ores.
Abbreviations: Sphisphalerite. Wor:Wortzite, Bsp:Radial groth of sphalecite

#e4  WNET R O tetrabedrite 3 £ UF tennantite @3E
2k
Tahle 4+ Chemical compositions of tetrahedrite and ten-
nantite from the Minami-Ensei Knoll,

Sample MESLO1-32 HEZIDE-62 MESIDG-61 MESIDG-32 MESI06-31

Cu 36,96 43. 75 15,72 47.149 48.94
Fe 0.5% 1.5§ 1.23 2.TG .59
in 7.3 b.70 0.53 1.36 0.63
AR 264 0. 36 0.28 tr te
ib 23,86 23,26 1.7 0.0 13
Ak 3.4l 4.99 E.TH 19.80 19840
3 24,57 24,495 25,16 1E.07 LT
Total 39. 30 9. 456 9.8 1% 24 1976

Chemical Forewlae [3=13.0)

Cu 3,867 11.502 11.920 il.028 L1.5849
Fa 0. 167 0,464 0. 365 0.734 0.725
Zn 1,437 0,179 0. 134 0. 309 0.14%
AR 0. 415 0. 056 0.043 - -
ih 3,325 I, 132 2. 681 0,012 -
As 0. 772 1. 113 1,495 3.924 3.977

FEeLhE, BEHIICFLAEROT RSB g At ELE L o, R FhOslag
WHFETHL, B 1ET L SR o E Wbzl - LSO TH D, barite DEENR
FEBIZL > TBEN, DEostibnite (4122468, firfhll 55 13422 5% & +22.9%, (#£2) T,
SheSz) ANEED L Cw B B ETE st Al & A BEHEOFNIL -+ 4 (Sakal and Matsu-
i {, barite (EF, BaS0,) HE (&, baya, 1974) .

£ 12 O TIE yREERIE A <, ApERAREIE 2) WEEEELTAHE

0.0ImR/H T3 A OIZH L, 0.13mR/H (283 "LLNT FAS iR, BAKIEEY
B, barite 3 F Lo —H Bviidw o » FCEK S 10~ 20cm {i LF B BEHE T A A 4 35 58 2 SR ER T
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B, CoTHNLASMEEEH 2IIRLE &
0 & 3 v B AL AR D anhydrite (W0 5 3,
CaSOy) X FE&T28HT, EMizEhibd
fleTHEL L 7: anhydrite & gypsum (A3, CaSOy
- 2H0), FIIIRE DL S SRR 2 T
B, BRI A LA T, anhydrite 55
flii = 1% sphalerite, chalcopyrite, galena O3NS
o (1~5 ,um]' PR LTV B, 2 KEWEE
1t o dCE R IERASR IR E L Tve 2, anhyd-
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sl (1089), #FEAFLZA (1990) FRWLTWv5b
LOEHEMNT L, ChASHETALENIOT
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REOTFHIEEEOL 32 As 4P
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Tk, S BHEHEL TR Lo, HER
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#3bhbh, ZOWNETIITRHEE YA T
Ei-mmTHEIEFIONE, ORI
AR L O B BRICEHNE 25 Dsphaler-
itedr 5% B, R4 chalcopyrite 2% { 4 1, i
I CIEE 1 2 1 2% B, chalcopyrite disease
(f 4R 4L EE) W& E W 4wy pyrite %2 galena,
wurtzite 3364 LS 5 SRS DI TR B,
7o A RAR S S ORI 0 72 E I D anglesite
(EREER G, PbSO,) A ELTWE (FES).
anglesite XML TIIME ER TR v, ik
ZiFrm THEMESATE D GEAE,, 1990),
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AufAg A0 08I T2, FRTIFLALD
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T kiR e &) e A A S R O A T A
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ol ol et LN 1) B e e T L el N o
Al 6 HET e
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LifEife x84 5, £, LETIEHLEN wart.
zite ATE LT & HOEEMT A E AW AtE L, 2
R LA Sl ~ 3 mol% & FeS & 4
tr, —#heY sphalerite XA OIE R0,
SRS o O R & B ) T
b2 galena # & dr (B E011), chalcopyrite disease
R ORI LRI B - Tadi L, #
73 & 3 % sphalerite @ K M2 {d chalcopyrite,
pyrite, tetrahedrite, tennantite % & iR S
Ay, HIEZRLAE DI tetrahedrite 13 Ag
T 3wl BT A, lennantite (X Ag F R
£ fvy, galena OEFIE sphalerite P2 H F &
plgk, @i E LCReiiLAh, Q011 Hipicfhor
fERELCLENT S (M), £4--0E
ik 3 AL palena DR OFEERE LT B 4 RE
sdv, JAAEEH D v~ VR i - T angle-
site AV 3 LTV B, chalcopyrite DN & 47
A AN, sphaleriee & M4 LT, & A idlb-f
@ R cetrabhedrite, tennantite, galena #F & 6

1o

VIRCREOY pyrite B EAT L TR A0 pyrite (5
AidMidr T {BESEMRD I (AGR, F
AERID Sh SRR ISR L TS e R T S
HH L, BNoEToEESEy. —0.1-
Zmm FED D T E — LK pyrite & lEE 2 £,
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chaleacite % HIZE L LCw A (TH13), MES
1016 pyrite & sphalerite, galena @i I [# fif {#:
Mol 4 +2.1%0, +1.3%0, +0.3% THb (H
2 ). BIEE TR Mg B IS TS
B S ST wE, {HL, [FiCfRine
BlRE S L Ch B MRS sy (galena
%2 pyrite A @ S0 H A DYLE A S spalerite D
RELEIEL TS, LMRIEII40C TR L),
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WL Rl L TwvwEOdd Ltk

quartz ¥ plagioclase, ilmenite, #5854 o 4
GO, =Y FORMEOE I T~
A AT O & OEHIMES S, KL s
Abhb, AROEROEDIIZE, EBERE TR
TR S IEE (HE10~20um) PRE SR
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7o oilmenite 03 0 2N 30 A0 RE R & LT vutile —
pseudobrookite (#5455 7 7, FesTi0s) —py-
rite DAl G HLEIERL TV, Zhlds E
WA FARHEE TR quarts @IS EPL I R -
LS R L S oA S RO L e s R
A

¥ b U ow ¥ AOEL S IE stibnite, pyrite,
realgar (HEETE, AsS), B X 0¥ barite DIEE L
Twr B, E 72 robinsonite (PhgShyoSy) & fEH
7 galena DML ENEDH SIS 125, BHEO
{uel % sphalerite AYNAERIZIEE 3 41 (5 E14),
KILALLEIEELHO S, Cu, Ag T g
Tro BHIISh R EDRUMETALET T A A
FHEo pyrite BEIE 2, ch o s -
T2 PR L2 4 chalcedonic quartz O ELREATE,
LG, MES 1024214 %568 & native sulfur 53¢HT
LTva,

DL S MR I I3 A ORISR s A
oW ESHATY S, BIREH PO pyrophyllite
PRI A & 3R 4 IR T %+
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Byl EEUIEET (MES 107) OUETT. FMAOS G
AT R E S A L barite 2PERE LT v B,
Phote, 1 Cross-cut surface of silicesus ere (MES 107),
=mall grains of sphalerite, chalcopyrite and
galena oceur in mosaic quartz, The white rim
is composed of barite and quartz without sul-

fides.

HIL2 BRSO Ehma (MES 108), Hose
B0 7 TF 2z B LS DL RE L7 anhvdrite T,
AR anhydrite & gypsum PEEEE LT
Ao B r TRl & A AR AT anhydrite O REEED
HELTwEI LIt A,

Photo. 2 Sulfate rich ore (MES108) . The white col-
cred right side of samples is composed of fab-
ric amhydrite, and the main darker part is
compozed of anhydrite and gypsum covered
by fine graing of sulfide minerals.

T3 BIRES (MES 10d). SNE Ik as MR4H &
prrophyilite  {A-P) . sphalerite  (Sp)
sphalerite=chaleopyrite (S=C) | palena (Ga) 3=
£ OF anglesite-cerussite (A-C) L D43,

Phote. 3 Massive are (MES 104} . The sample is com-
posed of As minerals and pyrophyllite {A-P),
sphalerite rich part (Spd | sphalerite~ chal-
copyrite rich part (3-C) . galena (Ga) and
anglesite and cerussite mixture {A-C) .

T4 MIESTE (MES 104) o ¢ sphalerite- chals
copyrite tHHEEEET .

Photo. 4 Dendritic growth of sphalevite and chalcopy-
rile in the massive ore (MES 104) . Abbre-
viations:  Sp;  sphalerite, Cpg chalcopyrite.
Scale ia 0.3 mm long.
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BENS MIken (MES 104) =T gsphalerite- chal-
copyrite BFEEINSE @ BN IZEE L7 anglesite
GEREEL

Photo. 3 Euhedral anglesite in the epen space between

dendritic sphalerite=chalcopyrite intergrowths
in the massive ore (MES 104} . The abbre-
viation "AR" represents anglesite, and the
others are same as these in Phote. 4. Scale is
0.3 mm long.

B e Jiihary (MES 104) 97 anglesite 428 9F 1L
T L palena PHESh
Photo, §  Skeretal galena crystal altered to anglesite in
the massive ore {MES 104} . The abbrevia-
tion 'Ga° represents galena, and others are
game as those in Photo. 3 Secale is 0.3 mm
long.

EM7 MAMEE (MES 106} OWBFEL. FIEEOE
i barite &%, % f- S ML barite & amorphous
silica, B HpAtHiah T b,

Phote. 7 Cross—cut surface of clastic ore (MES 108) .
Barite occurs in the white colored rim, and
barite. amorphous silica and clay minerals
aceur in the cavities,

HELE  TRIE (MES106) OESSETI. 75 44
¥ I 1X chalcopyrite disease ¥ % -2 sphalerite,
galena, chalcopyrite, = 85— AHHLEROHES 188
G Eh B,

Phiote. & Microscopic photograph showing clastic tex.
ture in MES 106, The fragments are composed
of sphalerite with chalcopyrite disease, chal-
copyrite, galena and colloformed clay miner.
als. The abbreviation 'C" represents clay
minerals, and others are same as Lhose in
Photo. &, Scale is 1.0 mm long.
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TEL D WRARERE (MES 102) OENFT. FHOORE
R AR TEIIIIR A & B kiR,
Photo. 9 Cross-cut surface of elastic ore (MES 102) .
The lower white part of sample iz siliceous
wrg. and the white layers in the upper part

are native sulfur,

BEH10 WAL (MES 102) OSSN, 50%—
LA T RTHIEDE, Fodhlch b
sphalrite & palena C¥EFEREE .

Phote. 10 Microscopic photograph of the elastic ore
MES 102 in which dendritic sphalerite=gale.
ma crystals are enclosed by colloformed elay
mingrals, The abbreviation 'S-G' represents
sphalerite-galena intergrowth. Scale is 1.0
mm long.

Bl MR (MES 101} H:62 sphalerite-galena 3
Heiahdh
Photo. 11 Microscopic photograph of dendritic growths
of sphalerite and galena in the clastic ore
(MES 101} . The abbreviations are same as
those in Fhoto. &, Scale is 0.3 mm long

TEZ BRRSE (MES 101) hT @) palens RES

Photo. 12 Microscopic pholograph of a skelotal ervstal
ol galena in the clastic are (MES 101)
Abbreviations are same as those in Pholo, 6.
Scale is 130 gm long.
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106

13 MRS (MESIN) hToI Ok LR
pyrites B30 §8 1 { chalecopyrite, chaleosite,
covellite B%, 45 5 @ I8 0 88 42 4k sphalerite &
galena B TS A0 LT v b,

Photo. 13 Miecroscopic photograph of colloformed pyrite
of which the central part has changed to
changed to chalcopyrite, chalcocite and covel-
lite, and the marginal part has changed to
sphalerite and galena, in the clastic ore
{(MES101) . Scale is 0.3 mm long.

FH4 FERTECE (MES 101) B CROERICEE LA
Sb-Ag sphalerites BBV EYIE pyrites
Photo, 14 Radial growth of Sh-Ag sphalerite in ameor-
phous silica in the clastic ore (MES 106) .
The bright minerals are pyrite. Scale is TS
m leng.
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