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Since 1977...

Discovery of Hydrothermal systems
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Distribution of Hydrothermal Systems

Sea-floor Hydrothermal |
Vents and Related
Mineral Deposits

€ Mid-ocean ridges

60'N

® Sediment-covered ridges

and related rift

@ Island arcs and related

back-arc rifts

@ Back-arc basin

120°E 180°W 120°W B0°W 0 60°E

Hannington et al. (2005)



Observations of Hydrothermal vent systems

East Pacific Rise at 9°-10°N

Canganella (2006,
Encyclopedia of Life
Sciences)

Figure 1 The manned subimersble SHIMNES 2000 durirag launching and
e nvery nperalinns, (AT penmission ul JARSTTC).

White smoker vent

http://oceanexplorer.noaa.gov/explorations/04fire/logs/a
Haymon (2001, Encyclopedia of Ocean Sciences) pril12/media/champagne_vent.html



Hydrothermal vent ecosystems

Figure 2 An impression of hydrothermal vent area and representative
associated organisms. (Modified after FOCUS magazine, geographic
design: Mario Russo).

Figure 5 The tubeworm R. pachyptila typically found at the East Pacific
Rise and the Guaymas Basin.

Canganella (2006, Encyclopedia of Life Sciences)



1. Submarine Hydrothermal Minerals Exploration

Seafloor Massive Sulfide deposit
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2. Effect of hydrothermal inputs for chemical balance in
ocean

——
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“Source” and/or “Sink” for elements
Suu rce

ca. 350 °C

ca. 250 °C g /
]

Geman and Yon Damn (2003)



Factors controlling chemical compositions of vent fluids

Formation of black smokers

@ Chemistry of initial fluids
@ Circulation path

€ Temperature of system
€ Water-rock interaction
€ Phase separation

€ Magmatic influence

Heat from
magma below

(fram hitp:f/educypedia karadimaov.infoflibrary/blacksmoker jpg)



Hydrothermal circulation

Mg-consumption during w/r interaction

Sea water

Oceanic crust
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Effect of phase separation

@ The relative order of partitioning into the
brinewas Ba>Sr>Ca>K>Na,Cl > Li>Br>

B. |Berndt and Seyfried, 1990, GCA]|

marcasite crust
k_/f [ pyrrhotite+pyrite+sphalerite

r

@ High concentrations of Mn and Zn in high- silica + barite
Cl fluids, but high Fe and Cu contents in low-

[ Jpyrite+sphalerite

Cl fluids. [James et al, 2014, GCA]
I: chalcopyrite

@ 7n, Cd, Pb and Mn are enriched in the
brine, whereas Fe, Cu, Ni, Al and Cr are

partitioned into the vapor phase. [Valsami-

Jones et al, 2005, JVGR]

German and Yon Damn {2003)



Chemical composition of hydrothermal vent fluid
in Okinawa Trough

Seawater

Manus Basin [zu-Bonin Arc  Mariana Trough North Fiji Basin Okinawa Trough Mid-ocean ridge

Vienna PAC-MANUS Suiyo Smt. Alice Forecast White Lady Kaiyo LHOS JADE Minami-Ensei CLAM EPR 21°N Guaymas Basin Escanaba

Woods Springs Vent Trough

References 1,2 2 1 1,4 1 1 3 1,6 1 1,6 1,45 1,5 1,4 1
Mg (mM) 0 0 0 0 0 0 0 0 0 0 ~20 0 0 0 52.7
Li (mM) 0.7 06 059t00.83 03 0.20 to 0.28 0.28 25 541058 3to4 0.89 to 1.48 0.63 to 1.08 1.29 0.03
K (mM) 23 89 30 31to48 26 105 to 145 14.5 72 49 to 51 50 to 60 23 to 26 33to 49 404 9.8
Na (mM) 512 487 446 438 438 210 to 239 239 425 410to 431 432to 510 475t0 513 560 464
Ca (mM) 73 18 89 22 61 6.5 t0 9.0 9 22 21to 22 ~20 12to 21 27to 42 33.4 10.2
Sr (uM) 312 102 303 72t090 165 30to 43 43 94 215to 227 65 to 97 158 to 253 209 87
8751865t 0.7036 0.7038  0.7046 0.7089 0.7100 0.7030t0 0.7036 0.7052 to 0.7059 0.7099 0.7092
Cl (mM) 640 639 658 544t0557 593 255 to 267 267 550 501 to 527 550 489 to 592 580 to 637 668 to 680 | 540
Rb (uM) 30 88t017 17.1 360 180t0 220, 23to28 60 to 86 110 1.3
Cs (uM) 0.8 02to03 5.8 t06.5 7.7
Mn (uM) 297 3221 587 295 300 12to 26 26 110 88 to 94 400 to 500 700 to 1020 110 to 236 10 to 21 <0.001
Fe (uM) 77 4337 435 6.4 11 9to13 8.8 28 650 to 2430 8to 180 0to10 <0.001
NH, " (mM) <0.1 <0.1 0 <0.1 - 5.0 46to 47 8to12 <0.01 11 to 16 5.6 0
CO, (mM) 34 to42 43.4 421 11.1to 144 111 209 64 to 96 160 to 200 5.7to 8.0 16 to 24 =9 23
HaS (mM) 12to 1.6 25 0.4 20to4.0 4 124 16to 24 15to 25 6.6t084 3.8t0 6.0 1.1 0
Alkalinity (mM) —0.1 —4 —0.2 0.1to04 0.18 —0.87to+0.12 —0.87 |:> 1.9 3.0to 35 10 to 20 —02to—0.5 281to 106 3.1 23
B (mM) 0.54 193 14 0.75 to 0.81 0.46 to 0.47 0.48 34 3.7to 40 5to6 0.50 to 0.55 16t0 1.7 1.7t022 041
8''B (%) 22510298 —1.0to 2.2 70t09.2 29.0to32.6 16,5 t0 23.2 10.1to11.5 396
This study

B (mM) 0.53 147 1.52 0.73 0.64 0.44 0.55 047 48 44 39
6''B (%) 29.7 135 18.5 202 23.2 36.1 345 353 | 26 25 29
Cs (pM) 03 2.6 1.8 0.7 0.5 0.1 0.2 02 24 27 14
Cs/Bx1000 06 1.8 12 1 0.8 02 04 04 5.1 6.1 37

Yamaoka et al. (2015)



CO, enrichment in Okinawa

1000

Trough hydrothermal system o

=2
E 600
§ 400

Phase separation in Yonaguni Knoll IV N
hydrothermal field 200
vapor-rich vent 0

brine-rich vent A

liquid CO: bubbles

CO: hydrate

o DD
LTIy,
vapor phase

Lion
Tiger
Mosquito

OrOe

\\apcr phase Swallow
M~

T
~ e
~
s
e
;_H ~1
T }_TX\ brine phase
TR T
""_ﬁ |—_—.J_T %“‘
0 200 400 600

[CI']; (mmol/kg)

residual vent

boiling begins

Konno et al. (2006)

§13C of CO, and CH,

#® liquid CO, samples:
7.3% 0.4 %oypnm -26.3 £ 1.0 Yoypny

# hydrothermal fluids:

800



Okinawa Trough hydrothermal system
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1st generation large
Kuroko cultivation

apparatus
2nd generation small
Kurako cultivation Simplified flow meter
apparatus x4 with P-T gauges

(from

http://www.jamstec.go.jp/e/about
fpress_release/20160225 2/)
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