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CO; Hydrate Formation and Inversion of Density between Lig. CO,

and H;O in Deep Sea
: Experimental Study using Submersible “SINKAI 6500”

Makio HONDA*? Jun HASHIMOTO*?
Jiro NAKA*? Takeo TANAKA*?
Hiroshi HOTTA™*?®

Venting of CO:-rich fluid and formation of hydrate were found in 1989 in the
mid-Okinawa Trough backarc basin by JAMSTEC manned submersible “SINKAI
2000” . This was the first discovery in the world and great importance is attached
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from the geochemical point of view to such deep sea phenomena.

On the other hand, the global environmental problem is the current topic worldw
ide and the deposit of anthropogenic CO: in the deep sea is suggested as one of
countermeasures. Therefore, the behavior of CO; in the deep sea is also the focus of

attention.

Under this situation, JAMSTEC started the study of the carbon cycle in the deep
sea. This study clarified the comprehensive carbon cycle in the deep sea, quantifies
the carbon flex from the sea floor, from shallow depth to the deep sea.

As a preliminary study, an experimental study, namely the observation of the
change of dry ice in the deep sea, was carried out in 1990 using “SHINKAI 6500” .
As a result, CO. hydrate formation and the inversion of density could observed in

situ.

Key word : Venting of CO:-rich fluid, CO: hydrate, Inversion of density liq.

CO: and sea water
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Fig.9 Phase diagram for CO:, stability diagram of CO. hydrate below 100atm
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Fig. 11 Concentration of dissolved CO. and change of density (Osumi, 1991)

6 %%

BRIBIC BT 5 _BUIRZEOEBNC DWW THET
5 ExHMIIC, TOTFHEERELT[LALD
6500 | BEWIFIC R SA4 74 R%ET 27 ) VEZICA
N, BENO_BILRFE —KARDIREZ/LIZD> W
THEZEL 7,

Z DFEE, 7K 500m LI THgIK & ik i1t
RFBDOEBARMICA 75— FD & S EERD CO,
A FuA PDBIEERENB I EZME LTI, /-
500m LIEETH NS5 4 74 Rk BERZOEGH]
ik, e S 7ERAITE SN L 51, BIE
T LIRFEA CO: N F LA DB -TdD &
ZZ onb <Aoo= ROBEKEDIZRSEBIEI N,

JKEE 2600mfHiEh & iRk _BRILIRFEDE T
WEIER X N, IRIATRILEIR 3R & #E7K D R RE Hs i
TEHERTEMR L. LIL, BRIETEBLEKEE
HE/K D EE VR PE S MBI 3 EETH 0,
4000m LI TRIEHR_BILEZOE FRE S h

16

AR AR A

SEIDOFHRERIZABRIC NS4 74 X Z2HEbIA
ATZTe, BRAZ BHHIREEZBIR T 3 LN TE
X, SO PHERE L TRIAWEFHDRES
ISR ENT W DER R ERRZ TH - 72,
K474 2%5HWI-EEOERAETSEE413,
BaNDREDMONELPHLBEARRTH B EE
Y (-

FrL,EBRRT®RT 2 ) v A TOHIECO., &
B LTWABHERRS N LHITE->TV
foo CHBIRIECO. D7 7 YA PREEL IR
BLIDEEZONBDT, SHBROERTIZ,
BIHRLBDOMBZ MDY Z BN ENH 5,

SR, BKHERTER LUt X O BEREER
WE % Wi B LR FE — /KR ICBE 9 5 EERIHT
FART->TW &b, i 5 7HRERZER
it T B SIEH LT 3 R LERSED AR -
YLl e CO: N1 K LA b OFERR KR OB B ER

JAMSTECR 27 (1992)



SEADEEIo\WT, WS . L« AYPEINT
HEARHWT, BB 5 B tkRDOE )Y
BT B EBERHE AT > TV FETH B,

7 #

SEID K54 74 RERD EFARLHREIT>T
T X - 7 ERERENF — 2 O MEHHIE LG K,
ESE/NaIIK, SHEHRE=KEKUERR
DIRFEZLIc oW T EF AR E RSP oiEm L
TFE - 1B LRI E L, |19 R
R AR I i b A E RS T IO H
Y RHE RS S FNHERICHEEZRLE I,

SE 3k

1) #HYE - 1L - HPEE « AR - 2
SRYE « OIEHE—ER « TEAKS « tAAH « AFRER -
IR ZFE«IRE - [LA»W2000] 1Tk 352
ZH8EBIK R D HIER LRI — 56 413 [BI ) U
5 415 RIS R OSE 424 [[EBUTEREL L 2
bR B R &I Ao WT, BER
PENt vy —HBRWRESE, JAMSTEC
DEEP SEA RES., No. 6, pp.69-81, (1990)

2) J. M. Brooks, M. C, Kennicutt II, R.R.Pay,
T.J. McDonald, R. Sassen : Thermogenic gas

hydrates in the Gulf of Mexico, Science,
vol, 225, pp. 409-411, (1984)

3) K. A. Kvenvolden, T.J.McDonald : Gas
hydrates of the Middle America Trench-deep
sea drilling project leg 84, , pp. 667-682,

(1983)

4) FHY  BEEOBUKBRE-RHEICIET,
HiBR{LZE, 5 22%, 5515, pp.55-56, (1983)

5) M. Steinberg : Recovery, disposal, and reuse
of CO: for atmospheric control, Environ-
mental progress, vol. 4, No. 2, pp. 69-77,

(1985)

6 ) Frimfd - Mnpkfd - HehER » BHEFK « bk
mR{b A7 2 & CO. &#HE, BFBEINKES,
iR, S554%, $£65, pp.22-65,(1990)

JAMSTECR 27 (1992)

7) AKBEZIZE . CO. OHIBR{LZFEMITEER & BiF
~DFEAGN, WEHERE, F70%&, F3%5,
pp. 225-229, (1991)

8) KREZE « MEEN : HiE - REICBT S
Wik CO, « KB DEBRMIFE, HAHAIBKAL,
OGO S 1090, pp. 140-141, (1990)

9) Yoshiyuki Nozaki : Feasibility of dumping
fossil fuel CO: into the deep ocean, (submitted
to Nature)

10) S. L. Miller : The nature and occurrence of
clathrate hydrates, Natural gases in marine
sediments, I. R. Kaplan,Ed., (Plenum, New
York), pp. 151-177, (1974)

11) J.H.Hand, D.L.Katz, V.K.Verma : Review
of gas hydrates with implication for ocean
sedi-ments, Naturalgasesinmarinesediments,
I. R. Kaplan,Ed., (Plenum, New York),
pp. 179-194, (1974)

12) B. Hitchon : Occurence of natural gas
hydrates in sedimentary basins, Natural gas
es in marine sediments, I. R. Kaplan,Ed. ,
(Plenum, New York), pp. 195-225, (1974)

13) L. D. Hampton, A. L. Anderson : Acoustic
and gas in sediments : applied researchlabora-
tories (ARL) experience, Natural gases in
marine sediments, L R.Kaplan,Ed., (Plenum,
New York), pp.249-273, (1974)

14) G. C, Kennedy, W, T, Holser : Pressure-
volume-temperature and phase relations of
water and carbon dioxide, Handbook of Physi-
cal Constants, The Geological Society of A-
merica Memoir, Ed., pp. 371-383, (1966)

15) KEEZIE « HEGER » FEAK « REE—
CO:—H:0 ROFEERIE L CO. DMBEFEFEAL
i, BA(LELEE 62 BIRKEES, pp.

(1991)

(FREZEE : 1991412 A 26 H)

17



	深海におけるCO2ハイドレイトの形成と液体CO2と海水の密度の逆転：「しんかい6500」による実験的研究
	1.はじめに
	2.実験方法
	3.潜航海域の水温・塩分及び密度
	4.潜航経過と観察結果
	5.考察
	6.結論
	7.謝辞
	参考文献


