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Geochemical studies of the hydrothermal system at the Izena Cauldron

using “SHINKAI 2000 ——reports on dive numbers 413 and 415,
and on the liguid CO; bubbles and hydrate collected during dives
number 424,

Hitoshi SAKAI*®, Makoto YAMANO™®, Takeo TANAKA™®

Toshitaka GAMO™*®, Eun-Soo. KIM™*®, Jun-Ichiro ISHIBASHI ™
Kiminori SHITASHIMA *%, Takeshi MATSUMOTO™®?, Tamotsu OOMORI™* 'Y
Fumitaka YANAGISAWA*® and Makoto TSUTSUMI*®

Dive number 413 (and 414) attempted 1o measure the exit temperature of
the Black Smoker solution and to sample it. However, rough ground for the
submersible landing and physical insufficiency of our sampling system at that
time kept us away from the goal. These objectives were successfully achieved
during dives 422 and 423 with the newly developed devices for the attack of
the smoker. These devices including our Ti.water samnpler were described.

During dive 415, the temperature gradients at shallow depth of a white al-
teration zone were measured where COg-rich liquid had been and was
observed to emerge into bottom seawater, forming CO,-hydrate. The highest
gradient of 80 K/m or 70 Wim? in terms of heat flow was measured at the site
of liquid bubbling, while it decreased to 33 K/m at 30 m off the center of the
alteration zone and to 2 K/m at nearly 100 m off. Those as well as previously
reported data suggest that the JADE hydrothermal system consists of shallow
convective cells with a horizontal scale of about 100 m, superimposed on lar-
ger decper convective cells,

The liquid carbon dioxide bubbles were sampled into an acryl cylinder dur-
ing dive 424 and their phase changes during the submersible’s asent 10 surface
was recorded on video. These observations and their chemical and stable iso-
topic ratios indicate that the liquid bubbles are composed of 86% of carbon
dioxide of magmatic origin and the rest is balanced by hydrogen sulfide,
methane and hydrogen. Fractional crystallization in magma chamber, suberi-
tical boiling of hydrothermal solution and post-depositional hydrothermal al-
teration of gas-rich voleanogenic sediments are suggested to be the most like-
Iy mechanisms for acumulation of the phase separated carbon dioxide-rich
fluid at the JADE site,
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Ti = water sampler
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Fig. 2 S_‘-‘hemmic diagram showing the revolver Lype
Wanium water sampler, Only 3 out of 6 tita.
Uium syringes are shown, The pistan  is
Placed at the bottom of the svringe and all
the gpen spaces are filled with distilled water
before diving. At Bydrothermal vents, the
Ti-sampling tube (10mm OD X 40 em) s
helg in pesilion by the manupilator and the
distilled water is pumped out Lo draw sample
Solution into the space below the piston.
When gas-rich solution is taken, the piston is
Slopped at halfway of the full drive so Lhal
Pressure rise due o evolution of gas at sur.
face jg compensated for by further move of
the piston (see syringe MNo.2)
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Fig, 3 Schematic dizgram showing the manifald used
for shipboard analyses of evolved gases from
hydrothermal solution, Gases evolved in the
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moENEErR Bt 7T LS
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T3 HnDTRNLI- 5

ATM
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Temp.Prafile

JADE site
&ﬂ——@ﬁrapas

100+ EGE4Macaroni i

Ghi-tSherbet+C0 000 7

=10 Q 10 pida] 30

M4 CO-H0 BEE GO IS (Sakai et al.,

19903 & TLADV20005 THIYE, iRl

® BN IRO5EE)
Phase changes of liguid CO. trapped in an
acryl-cvlinder ascent  of
"SHINKAL 2000°, superimposed on the sia-
bility diagram of COu-hydrate (after Sakai
el al. 1950}
alure~depth profile of the waler column that
was followed by the submersible during her
ascent.

Fig. 4
during  the

. Solid curve is the temper-
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L, TLAMV2000; &ifFEPIZZDRIS S0
O ANEEE L, oA H LT T
M TELONE 1 OI24-RVATH L, 7
Black Smoker [&, 423000 (& 77— 4= !
HpEB) IZEoTiiish7I v 2 A€ —
H—DROCHBMAFEF L TG ETHE
(i1 A, 19904 3R ),

F T oy & AE— N — D ERKIERZ200mM ke (2
Foid0. 34 EN%) OB ETE L, ik
s —dEs s HhbE Lo TER s b
@3 T D (Sakai et al, 19906403 A, 1900,
C. S, He MEIEHESSATY, BEAHEL 2
¥l ET STy vREETSHD,
AR AR T A TSR R T s E T
THiATWE, Flheqpalals, 7HYL
i & - TR & s il (424-M) 13, WESr4L
Hodnts & lfifilt s b 7T » F AE—H —O8
ISR RELERL O THY, wor2ilgilio
LOEHELIEL, LIhL, T2 AE—H—0H
KAHHER GO P, T 44 (150, 3.8C) %
CHEHLT LR LT oiMbmRE TR LE
v, Z¥L 61, ERIENTTAT DKL

ZH6ENS D COy X3 S (Takenouchi and
Kennecdy, 1984) 288, 75 o & ZF2—H — Mk
M de B CO 12DV THBEMNTH L,

JADE # 4 | i ek T TR bR & R
EF DA B LA Ao, A @fizkat
iR ETRMSNLSLENS), DI
d bk 2k (HIFEOMK L DTIZ 7 < S
EED CO, #EHLMAKOB PV ETHE, =
oIl EZ GRBEHE LTRO=Z0MH %,

O =Fr=@ncogilEl WS rvdo
CQ, it fEIL-= 7= O3 A LA ME X T IZHIK
L, BEiZvidbw B “second boiling” % 0|32
L, CO. D7 T o &7 AHQWIZHINT L THA
e

@ Mokl : 79 » 2 AFE—H—OkiE]
335m 42 B4 S Sk el 4 1£335°C  {Bischoffl and
Rosenbaver, 1984) THh b, 73 + # XA E—H -
A TLHEZZ0CT £ N BTz DA TH DL,
KD CO, AT E iR THk AL
THEILOT, ZoEdEEIIETE S w0
b LAt b L, KUK TATEAE £ Wiz 5
TeBEM AR B dh o A &, Sk OBl AT

1, JADEHA FOEBEENECH S A CO-E M2-M , FILT, 8) ekt k Ei .
A24-RBV 4 12 EEEMNEORE B LA SEEE (RIEM) . Black Smoker 137 %F » ¥ AE— 0 —

ik iEtE LA (Sakai et al., 1990)

Table 1.

Compositions and stable isotopic ratios of the gas left in the acryl cylinder (424M, Photos 7 and

8} and that evolved [rom mud eallected at the same site (424-RBV4) . Black Smoker is the dissolved
gas in the Black Smoker solution {after Sakai et al., 1990},

3315 33

Somple €0, ,5  E-gas®  S1%0, &M e/ e
(vel %) (. pon)t oot (R/Rg) S

RS gG £ 5 3 11 =5. 0 =316 +8.0 .6

HRCE N LA 82 I 1 A R | =8 - +7 .2 4.8

Ilachk

Smoker g8 % | 5.8 6.5 =k, 3 =33 +7.4 G.3

# Hegidueal gas after removal of ©0g and Hy3. CHy and Hg are the main

Componcnls,

+ Stahle izmoLtopic ratios are expressod in
{enrbon) and ffrem Canon Dizble troilite

Ratio ta “He le of atmosphoric

The presence al 'i:'ii'_-.

WK o -::.:_nr:ll'.'ur,-r:l but Hea was nol analyzed.

permil deviation rom POB
(zulTur} standards.

=£

nckium [1.4 x 10 i
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£
o
o
o

A, Low activity stage

[ 5 SERCHERIIZ BT S COy B CO-HL0 WL ek,

PRI C SRR OIFEIIM L Tyw b, Sk e OE
{EF 2 & - T 24 s DR AT B M T,
OO, & EOORSE T R i SRR L, AT
COy-rich il & HaO-rich Bl ZH o &
LR ESTHDS S,

S eOeTROEBETER SR LT,
S L7 COp W4 (38 CO, MBERFR 12327
[ A TR Tl 7 e 17315383 P W [ e
A%, MERSRG iREEATI0T (AR OKEILZBITS
CO.-H.0 Wi L &4 o aRrnE, E4) BT
B &R, CO.-H0 B LAt
MLTHEERSRL, HEGdoEhllto A%
WiF e v —LEAEKEREZTHASH (HS
Ao MU % il LT 0 COy OJERG A~ D84
B GOT, = AMROTIZIECO: DHHA
ERMT A EIZRAS (BISA). AT
FhEmREgESEALT, TROCO:

~lig, 0 bubble

Alteration zone — §

Phase separated -
CO; + HyO s

B. High activity stage

A Sk il e A0SR T Y

BY, &200m FEOS iR -b b ATC A B, il e s IR, 1070 AT
PRI 80 02 1 L COu= Muid A hydrate pipe (9 0 S dfa iiili-r & bSO ip 4 11450
Tk A ISR O B EBELILAY, L 5HAKENE LD THSL, BOMN
b B AL A = A=A 000THE D BT

Fig. &

Sehematic cross seclion of the sediment underlying the COu-venting white alleration

gone, JADE site. A stage of COu-fuid and hyvdrate accumulation. 10T isopleth is the
Boundary below which hydrale decompozes, B 2 hydrothermal convection coll of about
200 m diameter at high activily stage, duving which the 100 isopleth is pushed toosur
face and COu-Tluid leaks into Bollem seawater, forming hydrate pipe. The thermal gra
dients are only approximate and tentalive, although referemee was made on data

alrtained during dive 415
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TAL TLADW20005 (2NN 0 FHF7 6N F 7 &~
PRk
Photo, 1  Revolver-type titanium water sampler in-
stalled on the forehead of “SHIMEAL 20007,
-See also Fig 2

Hrpz o TLAS2000, WiHRERes A o — il D
(S FARUR- LT R A e W VT e UE R =V
B LA, KNSR T -

Phogto. 2 The motor=driven deviee Lhat enabled the

submersible pilols to change the angle of
the 2=-m=long Ti-sampling tube [or 1nsertion
in to the mouth af “Black Smoker™ chim-
ney. The device was made by Mr, Y. Imai

The motor is indicated by arrow,

JAMSTECTR DEEPSEA RESEARCH (1900}

B TLADL2000, WERLD TS LE-
BT A B 10mm B ¥ iRk (e
EIY]
Photo. 3 Z2=-m-long Ti-but {white arrow) insterted
inte “Black Smoker” chimney for water
sampling.

B4 FFAARRBLOITT RS T ARIZSR S
TS a A==, P21 o
PRz 5 e b STP @ X &R
N 100 Wt LR o )

"Black Smoker” solution which still effer

vesced when transfered [rom a Ti-syringe

Photo, 4

inta the glass vial, The gas evolved within
the Ti-svring was amounted to Sllitre ST
per ko water and had been removed before
this operation.



TS T e AT - OICITA B TH
SATERE Lo e 2 — 0 (ER1807T, J2ED)
Lt e A o Fo 8 (RAAL3R0T )

Fhoto. 5 Fuse wire {m. p.=1907 ) and lead foil {m.

p. 320T )} which were kept in jet-stream of
"Black Smoker” solution just abave its

exit. Mote that the fuse wire was melted al
its end {arrow) , while lead fail was not.

BRI A g S P TR 200 COL- THLS-CH ) e 55T, D15 )i
il FA ) GG AR )
Phota. 6 '|'|:;|_||g.|;.;|_:-r_~|-|| I'_'{}_=-|'||:'|1 ||{|||i|'_1 bulible {small arrow) orawing through a {_'{]_:- ||:|,-.;j|-;_||_‘.

pipe [large arrow) standing on while sediment=covered sealloor (A, B) . The bub
Il @5 just to leave the pipe at the neck painted by arrow (O} . When bubbling
ceased, the pipe ilself often drifled away (D0 and a new hubbling evele started fram
the same spol as before (from the video taken during dive number 41%) . The pipe is

alrut 10 cm lang and | om in Lo diameter,
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HIT T 20 LM IR A & Bl
i B it W ARIZHNE L
MLT—thEashy RIA B,
D424-M, AL 550m}

Phota. 7 COs-rich liquid bubbles collected into an
acryl cylinder. When stopped their motion,
the bublles wers immediately covered with
the translugent white film of COp-hydrate
and did not coalese into larger bubbles. The
aeryl evlinder is 30 ¢m long and 6 e¢m in in-
ternal digmeter. Site 1, D424-M in Fig 1.
Water depth 1550 m

HILE BT O M AR E TLAMGZ000 @EINEN M L, R b Ly
TG TINEE LA h o ([ g S0
Phato, & Phase change of the COu-rich ligud bubbles in the acryl cvlinder [Photos 6 and 7
during the ascent of "SHIMKATL 20007 | Tap left + Hvdrate-coverad bubbles forming
“cluster of grapes” (G in Fig. 41 at 1300 m water depth ; Bottom left - About 670 m

waler depth, Grapes partly collapsed to form “Sherbet” | while wubes of hvdrate
(“Macarani” . M in Fig. 41 developed: right @ Alboue 300 m, gas bubbles started o

evalve Lheowgh the bollom cap
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