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Sulfide Chimney from the Cleft Segment, Juan de Fuca Ridge: Mineralogy
and Fluid Inclusion

Chul-Ho Heo', Seong-Taek Yun'*, Chil-Sup So!, Seung-Jun Youm' and Kyeong-Yong Lee?
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In order to elucidate the growth mechanism of sulfide chimney formed as a result of seafloor hydrothermal min-
eralization, we carried out the mineralogical and fluid inclusion studies on the inactive, sulfide- and silica-rich
chimney which has been recovered from a hydrothermal field in the Cleft segment of the Juan de Fuca Ridge.
According to previous studies, many active and inactive vents are present in the Cleft segment. The sulfide- and sil-
ica-rich chimney is composed of amorphous silica, pyrite. sphalerite and wurtzite with minor amounts of chalcopy-
rite and marcasite. The interior part of the chimney is highly porous and represents a flow channel. Open spaces
within chimneys are typically coated with colloform layers of amorphous silica. The FeS content of Zn-sulfides var-
ies widely from 13.9 to 34.3 mole% with Fe-rich core and Fe-poor rims. This variation possibly reflects the change
of physicochemical characteristics of hydrothermal fluids., Chemical and mineralogical compositions of the each
growth zone are also varied, possibly due to a thermal gradient. Based on the microthermometric measurements of
liquid-rich, two-phase inclusions in amorphous silica that was precipitated in the late stage of mineralization, mini-
mum trapping temperatures are estimated to be about 114° to 145°C with the salinities between 3.2 and 4.8 wt.%
NaCl equiv. Although the actual fluid temperatures of the vent are not available, this study suggests that the low-
temperature conditions were predominant during the mineralization in the hydrothermal field at Cleft segment.
Comparing with the previously reported chimney types, the morphology, colloform texture, bulk chemistry, and a
characteristic mineral assemblage (pyrite + marcasite + wurlzite + amorphous silica) of this chimney indicate that the
chimney have been formed from a relatively low-temperature (<250°C) hydrothermal fluid that was changed by
sluggish fluid flow and conductive cooling.

Key words : seafloor hydrothermal mineralization, Cleft segment, sulfide chimney, mineralogy, fluid inclusions
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Ag. 1. Map showing the regional plate setting and subdivisions
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Columbia, CA=California, OR=Oregon, WA=Washington.
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Table 1. Bulk chemical composition of inferred growth zones within the chimney from the Cleft segment, Juan de Fuca

Ridge.

Dominant ppm

Zone .

mineralogy As Ba Ca Cd Co Cr Cu Fe Mn Ni Pb Zn
inner Cpy, Wtz, Py 279 104 593 91.9 6.8 97 1,804 224,665 698 10.6 1,181 73,349
intermediate  Sp. Py, Mc, Si 233 7.8 380 1044 23 54 1,658 241401 756 94 1,492 96,879
outer Py, Mc, Fe-oxide, Si 295 21.6 1042 329 3.0 104 923 326,284 728 9.2 1,631 48,557

Average 269 132 671 764 4.1 85 1,462 264,117 727 97 1435 72,928

Abbreviations: Cpy=chalcopyrite, Wiz=wurzite, Py=pyrite, Sp=sphalerite, Mc=marcasite, Si=silica.
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Ag. 3. Photomicrographs of polished sections of the studied
chimney. (A) Amorphous silica infilling the interstices
between Zn-sulfides and chalcopyrite. Scale bar is 100 pm.
(B) Colloform pyrite occurring in exterior part of the chimney.
Scale bar is 200 pm.
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Fig. 4. Variation of the abundance of major minerals within
the studied chimney.
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Fig. 5. Scanning electron microscope images of the studied
chimney. (A) Amorphous silica with spheroidal form. (B)
Amorphous silica coated around sulfides.
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Table 2. Chemical composition of zinc sulfides in the chimney from the Cleft segment, Juan de Fuca Ridge.

Mole percent

Sample Weight Percent
Total
no. Zn Fe Mn Cd Cu ZnS FeS MnS CdsS CuS Remarks
1 54.0 11.8 0.6 0.2 0.1 334 100.1 78.6 20.2 1.0 0.2 0.1 Rim
1 52.2 14.7 0.1 0.4 02 335 101.1 74.6 24.6 0.2 0.3 0.2 Rim
1 53.9 133 0.1 0.4 0.0 332 100.9 77.1 22.3 0.3 0.3 0.1 Rim
i 53.9 13.0 0.1 0.1 02 33.8 101.1 77.6 22.0 0.2 0.1 0.2 Rim
I 59.0 8.2 0.1 0.1 0.0 338 101.2 85.8 13.9 0.2 0.1 0.0 Rim
1 56.5 98 0.1 0.0 04 332 100.0 82.5 16.8 0.1 0.0 0.6 Rim
1 48.1 18.0 0.1 0.2 0.2 34.4 101.0 69.1 30.3 0.2 0.2 0.3 Core
1 48.3 18.1 0.1 0.0 0.0 33.6 100.1 694 304 0.2 0.0 0.1 Core
2 51.5 142 0.1 0.0 0.1 336 99.5 753 24.3 0.3 0.0 0.1 Rim
2 49.2 15.6 0.1 0.0 0.9 33.7 99.5 71.9 26.7 0.1 0.0 1.3 Core
2 46.8 18.1 0.1 0.0 05 33.9 994 68.2 30.8 0.2 0.0 0.8 Core
2 511 16.2 0.0 0.3 0.1 34.0 101.7 72.6 27.0 0.0 0.2 0.1 Core
2 49.6 15.8 0.2 0.0 1.0 33.8 100.4 71.5 26.7 0.3 0.0 1.5 Core
3 50.8 14.0 0.0 0.0 0.5 334 98.7 75.0 24.2 0.1 0.0 0.7 Rim
3 54.7 12.3 0.1 0.2 0.0 34.0 101.3 78.8 20.8 0.2 0.2 0.0 Rim
3 55.2 10.7 0.1 0.3 0.0 334 99.7 81.2 18.5 0.1 0.3 0.0 Rim
3 48.8 17.8 0.0 0.2 0.1 34.0 100.9 69.9 29.8 0.1 0.1 0.1 Core
3 47.7 19.0 0.0 0.0 0.0 34.0 100.7 68.1 31.8 0.0 0.0 0.0 Core
3 47.6 18.8 0.1 0.0 03 34.2 101.0 68.0 314 0.1 0.0 0.4 Core
3 47.1 194 0.0 0.2 0.0 344 101.1 67.3 32.5 0.0 0.2 0.1 Core
7 553 93 01 00 13 330 990 88 161 01 00 20 Rim
7 54.6 12.9 0.1 0.2 0.1 33.5 101.4 78.1 21.6 0.1 0.2 0.2 Rim
7 573 9.1 0.0 0.1 0.2 33.3 100.0 84.1 15.6 0.0 0.1 0.2 Rim
7 45.8 20.6 0.1 0.1 0.2 34.3 101.1 65.2 343 0.2 0.1 0.3 Core
7 45.6 20.1 0.1 0.0 1.0 34.6 101.4 64.8 33.5 0.2 0.0 1.5 Core
7 477 19.2 0.1 0.1 0.4 344 101.9 67.4 31.8 0.2 0.1 0.5 Core
4 1981). &, oAk CO, T 7k F73HEo0) #EER
SRim B ALe: Hol €0, T 0.85 molal ©]5+de
3 e R F49Y 4 ti(Hedenquist and Henley, 1985).
g 7tEAR] )3 U8} 2k WeE 114°~145°C
g \ | olul, WrHERel o3 PEE WA 32-48wi%
= § o NaCloltHTable 3). 32 AUAEE A Ae]
§ \ . AL 1400~1,600m AEE, ¢F 150 bars®] ALY
§\ » o (hydrostatic pressure) =71l s|EE ). Potter(1977)

27 29 31 33
mole % FeS

Flg. 6. Histogram of FeS contents (mote %) of Zinc-
sulfides from the studied chimney.
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WA moliz woke] vt TR st vHEoIAE
AFRA, 2273(<328°C) A9 53 ATt S
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2 A v el g B E Aol Adfroled AgsiE+ugd dayh 9 wEA 23e ge A
M3} Holedrog AR YA Y ol gslE o] kgt 3 fA0] TEI AR Wzl
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Table 3. Microthermometric data of fluid inclusions in amorphous silica from the chimney of Cleft segment.

Sample Th-tot Tm-ice Salinity Size (Um) Vapor ratio Tm-initial

no. (°C) °C) (wt.%NaCl equiv.)  X_axis Y-axis (%) (°C)
1 114 =27 4.5 15 6 17 -20.7
1 114 -1.9 39 15 9 19

1 145 -2.9 4.8 51 20 40 -21.4
2 121 -1.9 32 12 12 19 -20.9
2 123 -2.2 45 24 12 25

7 127 -2.0 4.2 24 18 15 -21.5
7 133 -2.0 4.2 27 20 20

7 123 2.6 4.3 24 18 40 213

Abbreviations: Th-tot=total homogenization temperature, Tm-ice=final ice melting temperature, Tm-initial=initial ice melting tem-
perature.
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Table 4. Comparison of the characteristics of four types of chimney (modified after Koski ez al., 1994).

Type 1 Type I Type III Type IV This study
Form columnar-cylindrical bulbous columnar-spindle pinnacle pinnacle
Substrate sulfide mound su!ﬁde mound or basalt basalt basalt
chimney
Temperature, °C 310-328 293-312 <250 114-145
Fluid flow focused, rapid diffuse, slower focused, slow diffuse, slow ?
than type I

Abundant chalcoPynte, . anhydrite sphalerite pynte, marca.s'lte, pyrite, marca's.lte,

anhydrite, sphalerite amorphous silica  amorphous silica
Common pyrite, wurtzite sphalerite, pyrite marcas'lte,pyrlte, sp halénte, sphale?rlte,

wurtzite wurtzite wurtzite
. . isocubanite/
bornite, marcasite, .
. . chalcopyrite, . .
. covellite, amorphous wurtzite, ; .. anglesite, barite .

Minor e . pyrrhotite, anhydrite, . chalcopyrite

silica, Fe-Mg chalcopyrite . chalcopyrite, galena

. - barite, amorphous

silicates, barite silica
Trace apatite, galena pyrrhotite galena, covellite - -

A3 24 ZIA, AU dshered(<0.2%
Cu, 7.3% Pb), FEXFHEEA +8PY +oldgsle +
ik %‘\117}), wdg 2] IHY ToE = 1
o Y el visl drdide] Hue v w
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Wil Ao AlgE AEREe] A gEs &
Zej i, AgHoR 7 7o FAriE F46 &
F ok 1) Afotds 3 Holddos FAHE ofd
Seke 5l el B35 Yol AR F3p; 2)

)
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