BSPE 00505-895-7

Juan de Fuca Ridge 2| al|X{HOIM AFEE|=

fhEs g4 RalE o

A Study of Polymetallic Hydrothermal Sulfide
Deposits from the Juan de Fuca Ridge

1996. 3.



A& %

2 BIAME “Juan de Fuca Ridged] 3iAHA] Al&EE s

A5 RS AP AE Y HFEIAMZE AP

1996\ 34

oy
o,
H

ol
-
Ho



LA &
Juan de Fuca Ridged] 3SiAHAA A2FHE= lads dE4

R A7

1. A7 yg 2 Az

oy

)_g]

fd
lo

A4EETE  AFEAR  ASY U AR

FAZES AEeE ¥4k ZAMa FAee FyEE 9

fr

o

FHUE B8 ASH LR deEdel FFHT H ulEFHM =
ERolEy FEFEol HAEC HE Hrh FPA UM,
deEd ey EUE AL Ay AFMs E5EH]

sl RE AetElo] wlay A& FESA MotdH, HRIE

fr
[-rr,
N
o2
lo
feu
u
nfl
%
in)
e
-
507
)
44
fr

B BFEY Tol AY =
ATEE2EY 2= U TEGE 3 =2 siee] AHAT
W Z3go] Aolste JEly [Pz 248 Wt A

SHAESE A7AY AN AR FEBAL 192~261 °C,



5.2~6.9 eq. wt.% NaClgQl wWhHo], $=}o]E AL L 205~253 °C,

7.0~9.7 eq. wt.% NaClE ZHA3o] H|3| 3+

BN 22 Hee AT uPA FAEBY

st7po] w2 sj4 {qlake] ZILE 100~182 °C, 5.2~6.7 eq.



SUMMARY

I. Title of the study

A Study of Polymetallic Hydrothermal Sulfide Deposits from

the Juan de Fuca Ridge

11. Abstract

Hydrothermal chimneys in the Juan de Fuca Ridge were
initially formed by anhydrite precipitation resulting from
mixing of hydrothermal fluid and sea water. Subsequent
deposition of colloform sulfides thickened the chimney walls
and created a physical barrier that inhibited mixing of
hydrothermal fluid and sea water within the chimneys, Inside

lthe wall, the intensifying hydrothermal system produced a
higher-temperature assemblage of euhedral to subhedral
sphalerite, wurtzite and chalcopyrite, Hydrothermal chimneys

are characterized by their shapes and compositions depending on



the mixing of hydrothermal fluid and sea water. The mixing is
related to temperatures and dynamics of the fluid flow.

Fluid inclusion data indicate that crystallizing
temperatures and salinities of anhydrite and wurtzite are
192~261 °C, 205~253 °C and 5.2~6.9 eq. wt.% NaCl, 7.0~9.7
eq. wt.% NaCl, respectively, The condition of amorphous silica

precipitation is 100~182 °C and 5.2~6.7 eq. wt.% NaCl.
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1I. A|AAL

Bojt§ M&e ety FA$del Xt gle FAUFEIL
sl2(Fig. 1)2] AA%d 54L& Atwater(1970), Kappel and Ryan
(1986), Davis et al.(1987) I Embley et al.(1991) Sof 23|
Hl2E  AASHA Baze]l gtk £ A= 5By
23} #E" AL HekstA dFstaxt ¥l
Seigse] BExdd &3k TAUTIRIRES BE 6
co/yeard] BA&EE zte ¥Ath(spreading center)E 1 ZHo|J}
oF 500 km A% - UeF o] QithAtwater, 1970). FAUIFIIeH
ZA%oE Yol 1 km A=Y ¥Iuizt 7ivtEa i3 HA HF
Holl Saste] glom, XT3 HYAES AY vA ¢ FYS&
BolthKappel and Ryan, 1986). ¥IZcf el g2 3HtY
HEoka LotA7 BEEo] glon, JE dEHeA= 300 mol
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B dFo] A4¥ d54HHFA AR AP FAUFIEH
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go] glo] thh EZe oS HTHEmbley et al., 1991). 4
2,300~2,400 m®] YFIr] iAo AZH HARGY FFAE
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Fig. 1. Generalized map of the Juan de Fuca Ridge showing

the sampling area.



29 elongated pillow lava)e] EY(mound)S ©|FH Ao
BEXE5o] glth olg3 J|&2 LUEY FH Folts AEL Y
FE2 gite] Lol £& - ¥E3t gl Embley et al,(1991)2
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1. 43 A& 9@ 3y

USGSE= 1988, 1990 W 1991d=o] A& FAXeF AN
o| &3t FQulFEIFoN drHEPLY deE YL B
FEAES A FHsHL, #FE 9 wEFE ErFHIY
ARE A3 2EY X, &4 9 24 & RH3
s} th(Koski et al., 1994; Smith and Koski, 1994). % Koski
et al.(1994)L dFESEY 2x 4 4= Iz 94
&7 el 9@ 24 Fol IASIH EFESTE Type I, I,
111 W 1Ve] 4712 frB o2 FR/3t4ch

2 Ao deEETY 4 #8E& &St A &E USGSE
FE Aol 4zt eJZtFol M WSETIR] dF RHo2 AAFU
AvptHE S Azt E-EE&7Y IFEHY A4S A3tz
H3yg 3} 9 BEuF StolA FEFEY 24 W FARAE
adstgon, #HulZ stollM o] ol FESS XAIAEY
U A F & o]-§3te] FF st

ol 2o] x|x3F HAHE 7SR Cameca SX50 H=A}
24 7]& ol-§& AEME s¥siPch pFEAEY YHoeRE
otdd, d, Jl=g, ¥, Fu, &, H 5 e oA EA
TAUHLEE HE B4t UL HEHE FHstrt
Bagel Jlg& ® 23l: Hoyt(1992)o] s AHAIE] 7l&H ol



olom, BAM=zA clS&z Eth accelerating potential=20 keV,
beam current=10 nA, beam size=1 cm, counting time=10 sec,

E3 Fzbg] FYY 2x W 24 WHIHE Fysiaxl
4001712 AuptH(FA oF 0.2 mn) AEE AZ}stY FAEFE
(fluid inclusion) AFE FHsHArt. [FAXREY FTHY2E
(homogenization temperature, Tn) X WAL %(freezing point,
Ta)= USGS-type gas-flow microscope stageoA ZtZt 71d o
el Y3 Y534t dF Ao oiit 53 wHEAYH
A3 FARLEE + 2~5°C, YALEE = 0.2 °CY LS
Uehdgich ke ¥ WZAYEe 4usts] oldel ZE 84
EfES FYF o2 |ASIH] Roedder(1984)8] EF7IEo ulel
24 (primary) FHZREEZ AAAE g o g
EE ue] J[EY ZVE FASIY JMEAE ¢ w8y
(leakage)o] WolWeAE Waslgon, rsudel ZAS

BolZx] ot ZET AL AYsiych



v, 23 4 =9

IV-1. 9422739 354 54

AFEE TN AE2HE FEFEY 24 4 IXWA= 4 7%
HE ol H§4& zt=thFig. 2).

IV-1-1. Type 1 44223

TE(HIL 330 T FEBAL WE S22 BEAHE Zos
B 2% (Koski et al., 1994) Type I @FES T U3y Hels
ztom, Ay wWETE(AHZ : o 1~5 cen)d o]&F FHLE
SAHAe eoFzot weEe] e H(FA - o 4~8 cn)o R

54 Hch o wWeEo] e FAHAEY FUTRE AT kY

WEE(SA : o 1~2 co)ot 28] ZE(FA ¢ o 3~6 en)2
FEATG W4 YSEE dFE2ER Asts PROT, TURRo]

%5 (chalcopyrite) 22 X|UsHA FAE At et F3is
wel 9zt ZAAM3l(anhydrite), B4, ol (sphalerite),
Jxlol E(wurtzite), FHM(pyrite), HHA(marcasite), S
(barite) @ H]33 74 E(anorphous silica) Fo| M2 Egs ol
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AEdch(Fig. 2).

2t FEFEL e 52 e ol aodct BE4e B¢
H2 USFolM qARE ZeF g W U] kst FVE
F3o] HoiFn, ¥ USJFMe ALBLE Ad&FH= 2o
A ufF ol g, ZtFoME FAHIAE ABSIAYU Ee Hold
BIFEA HeEodA BB HHE HoEth EXR ZFHY
RPN @RS ¥l uinyA UEE] %o ¥F Al 4
S50 A umA F2 AP o] ALHUSS
A ARt

S (bornite)2 ¥l SH 4 FHolr) Fol Fytsto
BEA dAE ¥A &% AdEHTh UEHo] AdEHE HdM =
EEAT Y FHMol FFH Uzl FultUd 7o Wdse
gl wj&SRe Hole FIdAe FFAtel IAMPe=

.

AH2E S, 4F Ag olFo utEAo] HEM W FHMIY F23|o
At2d 4 e AL A3 (oxidation)2} #3}¥(sulfidation)o]

F718&& Al ARtcH(Haymon, 1983).

ZAae F2 9 AZRY AFBoM i&EH, E3| HE4,
H=tolE, Adotd, BEN T4 FHUFES 8 2¥H 4571
A= o] gith Rl EL o] Fshe uig wgos g o
A% 2717t R4St BHE BT, vNIoE H ¥y HIE
Alabsle BFEE W A Holo ¥ RrjPzrE e XY



Ayos AEUTH A%elZY UY Fo HAAL Es A
gal WA UtHFiz 3a). doldde AL slzRe
MRESZE X4Y BIolT ezt Auwpdolxm, 7Y
VHOT P4F VAY EE AYos paYE AV 2o
siaol A Ashn Yt G4 HAAZE UM BUYT
WYl TYH ke o= 20E F4He] glom, olF
Zzols 28 ¥ERAOE FANE 23 UHNE ULUUE W
M8 WA FABl g TEFe] AEHIE Bt

—

IV-1-2. Type 11 448223

F2RGY 38U Type 11 EFE&TE Type 1 EFEE Tl
o3 dsEaEd 2571 donm (e 300 C) E&4% 9] =3
ZRo% X3 Qri(Koski et al., 1994). Type 11 &8 HL
BHaet 430 FARFPEZE FAEH] deu(Fig. 2), < 30 %o
@3te FI3 YAz Y wdo] §F o[l

Ho of 50 ¥ UFE A= ZFAHLE tAFLE 1~4 m
azi8 iy ZAABLE 4EEu, ¥rf(cleavage)Woll= X3
Zgol 23 ¥4H BAPEEol &3] FUHrKFig. 3b). ¥y
FEES WMETEE FHLE MY FE olFH izEyE



Photomicrographs of typical mineral textures. Scale bar is 50 pym.

@ Encroachment and replacement of wurtzite (wt) by chalcopyrite (cpy)
in Type 1 sample (1-33-2a, reflected light). ® Incipient replacement
along cleavages of anhydrite (anh) by chalcopyrite and wurtzite in Type
11 sample (2-65-4c, reflected light). (© Dendritic colloform sphalerite
(sp) with opaque cores (dark area, colloform pyrite intergrown with
covellite) in Type III sample (3-47-2b, transmitted light) @ Systematic
overgrowth of colloform to euhedral pyrite (py) toward chimney interior

(4-94-88a, reflected light)



stedl UiE SN 7 wigBezR ZA4F FERol=F
Adotdd, 3d4 W HAY T Il F7kte WA, UAB
Adotedd W 2}y gitolE Fo| UL ALyl £ BeH
A 4T YR|EEL T3] wjadER FHd s
da"ch B4 Z4F Jde ibed At EREE AEEHE
297t mie =EA BEAHIE Yk sl HH Hste ¥
Ol % FE2 NI YEMo] IUMY F2olE FY WHl
ujFol, ol & HZA A&, AFAUAYE % Y T4
EYE A3 23] 3 FE] gith

l

IV-1-3. Type 111 4537

F3 ¥l widBEe TAL HeER FF He Type 111
2SI vlzy A4 ( 260 C) ErEdE =3 &=
223t g Roew Hxo] QltHKoski et al., 1994), ¥y
BN, W3l g uFA FHE F& EUSIe YoldRHBER
- FgEle] glom (Fig. 2), EHol:= WA AAsta AU

fa

HolAFHBEL A FERo|EF HotdMo] AujFo|m,

Ay EE AR Aoldd W AW ARelE F2 44



FRol=y HotdHel oM B FRE Udsta Yl
TAY EZBolEY AMoldd FAFdE uY IdeolE
(covellite)$}t 7 EIF EEs F2ol=d FHMo] AFPFoz
A&dcHFig. 3c). BHFEEF 4 BulFudde F u[FAY
TAEol FAFH] AEHI T Tl H uigFH FEoNE FHY
W HHYo] FROEYPLE g2 5& o[ FH AEHMY, o F&
YE v FAE, FFAHE W F3Y o2 F4H
A AN Fdo| ] S-S FAdsta dch

IV-1-4, Type IV g $2&23

HZ542] Type IV A4E&7(Koski et al., 1994)= o]
577 weHol gen, WEELE FA% 1 47} ol 2380l
woh N BUBE, FTAE U BUABEBE F4He oy
(Fig, 2), A9A A4 Edo] 47 B,

BNBE FolME ZZolSy EL WAy AN WAo)
Ados 4EHAT, 2UA el AxelEst HolddE A
AU, S8, wEESel QHsE oML  slztelmo
MoldlNel Yate] wobdth BANE FRTAe FIYE W
&, il Wst: Azeld d+EAe B MEEE



BEHo] AAlolE FH & A= Ael2 A&Wch

BAEEERE dIdH Aol E(anglesite)7t 71 SAE RE
T2 HIUYESY BEHU udA vy =z AYeoem
Adedch B} JIYAlEE F uwFF FAES Yol
FEAEA REolA 4AY 2AE HAFIE gl FHML
BAEMI HEMe BuprudAM gAY ZddeEE S
ol FH EEA i&¥rh

HZd FAES FRo|=Y Fo2 Wl FoM E3 a&Hch
HETE dFE oY 7d IF2Rol= FoE A YA
W stm, Ffol metMe wl(2~30 um)d] HAY FLES
sfefstzl= Rch WBA FAELS SEAE EFRol=y MY
A EE A Rslo AEFHI|E Rt}



IV-2. goledRegEe 3jsty 54

et vt o] d4-EETY f¥o ual AAFY FEHF
£ W FAB/ATL ZolstAt Zzte] FEFL U Ay W 4E
5ol A2 frabsith. et ¥oldpEe] x|y B4
B8 fls) dFEET f¥d BA glol FE yARIS
Flo] HoAFE AL Me3lo] Cameca SX50 ARl BA7]E o]&
2Nl f=lolEe Fe: HYH FrixE HeF:
37He =Y AR E 22 d4d g et 4o 27t 6, 6,
I ANFE, AR ZRO|=F AMotdY 274 U FAIFA
g% WPeR 2zt g AHY, 23 A Aoldy 3
Ux= BEFHAE welt 2 6/ AFY  EAMstgthHFig.  4).
ol PEEY EMZAIAE Table 1o 7Z|zslgden, 2z

YA ellM e S5AFA T4 W 4JBALE Fig 5
Y 6ol T35t T

21 z}o|EL] H ek 1.65~16.01 wt, %2 uf-$ A3 @izl
Holm, Rz} HojA 23t HMoz Rol= FAFAM AR
HPEEO R ZeE yoll:s 54E& HAETHFig. 5). Ay
ER0lEy HoldMe H ¥} FAHUFoME 4.50~4.84 wt.%
o|z|gt, 1 olgoME 0.21~1.08 wt.%2 ufQ yicl wix

doldMe] M §are 1.32~12.65 wt.%2 2 UapHE  Alo|3t



Fig. 4. Photomicrographs of typical growing textures of euhedral wurtzite (@),
colloform sphalerite (®) and subhedral sphalerite (©) in transmitted
light. Scale bar is 50 um. Points shown on photomicrographs are keyed to

microprobe analysis numbers in Table 1.
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Fig. 5. Variation diagram of Fe content (wt.%) of Zn-bearing sulfides.
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Fig. 6. Plots of Cd versus Fe content (wt.%) for Zn-bearing sulfides.
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Fig. 7. Photomicrographs of primary fluid inclusions in wurtzite (@), anhydrite

(®) and amorphous silica ((©)). Scale bar is 50 um.
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Fig. 8. Frequency histogram of filling temperatures (°C) of fluid inclusions in

anhydrite, wurtzite and amorphous silica.



amorphous
silica (7)

wurtzite (12)

anhydrite (14)

L L L L L L

100 150 200 250

Filling Temperature (C)

Fig. 9. Frequency histogram of salinities (eq. wt.% NaCl) of fluid inclusions in

anhydrite, wurtzite and amorphous silica.
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5.2~6.7 eq. wt.% NaCl)E 3fof u|3|] Hon, dF-ESILI]
FAEs B FAY AF=rt A AUS S B ErHTable
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el T EYW Yoixls FulHE FAE RoETh
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fluid inclusions in anhydrite, wurtzite and amorphous silica.
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