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Fig. 2. Newly designed Carpenter-modified type
oxygen bottle (Horibe and Gamo, 1981).
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Fig. 3. Vertical profiles of potential temperature (a) at station ALl (44°12'N, 138°56’E) in the northern
Japan Sea and (b) at station AL2 (41°21°N, 137°20’E) in the middle of the Japan Sea measured during
the KH-79-3 cruise (Gamo and Horibe, 1983). Benthic fronts are marked by thick arrows. The locations of
stations AL1 and AL2 are shown in the inserted map in Fig. 6.
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Fig. 4. A photograph of the large-volume (250 L)
water sampling system developed by Horibe and
Tsubota (1977).
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Fig. 6. Vertical A'™C data in the Japan Sea mea-
sured in 1977 and 1979. Data are from Gamo and
Horibe (1983).
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Fig. 7. Temporal variation of vertical profiles of

dissolved oxygen in the eastern Japan Basin (41—
42°N, 137-138°E) between 1977 and 1998 (Gamo,
1999). Vertical straight lines indicate a decreasing
tendency of the thickness of the bottom water.
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Fig. 8. Temporal variation of vertical profiles of
tritium at station CM12 (41°22'N, 137°20’E) in
the eastern Japan Basin between 1984 and 1998
(Gamo et al., 2001b). Data in 1984 (Kaji et al.,
1988) are decay-corrected to those in 1998.
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convection in the Japan Sea (Gamo et al., 2001b):
(a) the normal mode-A, and (b) the current mode-
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A%, EBOREE (AR, BE, v T7RE) B4R
TEHHEZ#MGET D Z ENEENS,

5. BEOEREELRFEEMLEIET IHR

BIREBIRIE & 2REED 1UC/12C v h, Wk22 EW
BB O MCBEARBELSREL, BARKOBRRP
IRFBRD M L—HF—ICHL L D L3258 %2, K~
PRYER DM REEBHI DWW TERE LTZ, BAREIZDONT
i, I3 E TR,

7 4 U EUVHIZEBWTE, BEIRARTBIZ, ot
RIDE—REDOWEK & LB U THEER D H VKA D&
ERoTW%Z & (Horibe and Gamo, 1980), £7-7 «
U e EOERKE, FE - NERILE Y RADIEK
VEEEBEKIZ AT MC Elms, Rnid Lk, B ko
TWBIEZRWELE, ZOEAL LTI 4B
1 CIEHIE AR RIT X - THRBEKDOHRER S HMEE S
nCTWasZ & ERLE (Gamo, 1993), £7-, JLKFF
gD UCBERX, KEEERB XD 1C Dig%E
D=, 1974 FH>6 1980 HF~1982 FITH T THML
2255 L%, GEOSECS 7—# & OH# (Fig. 10)
IZ Lo TH LT LTz (EEIEA>, 1985 ; Gamo et al.,
1987a).

—%, RRBOREOZERMKL (BC/2C) b, A
AR bL—Y—L LTERTE2DT, LEOHKR
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Fig. 10. Temporal changes in the vertical **C pro-
file from 1973 (open circles) to 1980 or 1982
(filled circles) at the three GEOSECS stations
in the North Pacific Ocean: Sta. 229 (12°44’N,
173°14’E), Sta. 227 (25°00°N, 169°59’E), and Sta.
226 (30°34'N, 170°36’E) (Horibe et al., 1985).

HWEESHFTOBC 2T 2 FELZTRS T, I
EEF I TER SN FRIERER (ODP) 58 131 fligi &
MUT, BE 1 km IZRSAIMEHERY ORIEKZ i b
THHL CTRLIFY, 2RO 613C Z3HRI L7, HEE
W OIERRAE AN, MEBET, A F AR EETT
BEET, RREEO BCHEICSBICKIREINDS L Z
L7z (Gamo et al., 1993a), MEEBVKREEKIZD
WTh, 2REEL 3C ORIEZITR-T- (TESR),

HAIa< 7T 7 4 —OFEITPLAEIEFITE
<, ITNETITHRAZLSMT S, KR CO, @ §1¥C K%
BIED =D CO2 & NoO D43 (Gamo and Horibe,
1985; Gamo et al., 1989) X, VBEHRK - MiEKIEE)
2B 5 CHy 0447 (T BESR) 28, %< ORFE
ISAT A Z LM TET,

6. FHRRn%k bL—H—ELT5HR

VREEHEREY) B SR D EH M R 7 A 222Rn (]
3.8 H) & hL—V—IZHWT, BEELOWKER B
A OISR Uz, #EKTIZiE 226Ra (EEIE 1,600
) BEEZLTEY, TORBETERYOIS»CE
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Fig. 11.

A photograph of the Rn extraction system
on board R/V Hakuho Maru.

VW 222Rn T, BEBNEERETHEEL TV, L2
AHPBIEEE LTI, MEHEBYTIZEENS 22Ra
B3O 222Rn ERKE N L CHIKPICHBEN B 72
B, ZOSAKTBRIZ >2Ro ARRIS N5, FRH
PEWOT, BE 222Rn BB SN 5 OIEEE K
HA—MBEETTH D, 7 NVIHTAROTRE
FISMZBET 5 Z &<, BEE EDOHERSER
ThHNEH 51T E EHETEEINS, LIEB-T,
JEE E DB R 222 R RE DA D> b IEIEE LK OSRE R
IHIRADEFH 255 Z LN TE 5, GEOSECS #iEF
DO—EgRE LTHHEIESIN TV (B Z1E, Broecker and
Kaufman, 1970; Chung and Craig, 1972; Sarmiento et
al., 1976), YEHHFLETIE, BEH HIBL)IE EHRO
MEBELRILDOT —< & LTRY S, F0O®REE

D3B| Z RN,

BR 222Rn S REZ BIET 512i%, £9° 222Rn O
BEoL, £I05 26Ra L ST THEICH Dy EE
L5I<, 222Rn O¥ERHNT LITR LI L IIC4BFHL
DIRNDT, REHRBRESHIIM ETHIT LT
i£72 5720 (— %5 226Ra & N RO 22Rn 13, Rk
M—AMKE L THLRIETHDT, MK THEIC
79). *2Rn #RE L FHITB72012, HAR20L
DONYTATADNRTY o T L > THEET Kok
T 2B 2 EUE LT (Fig. 11), #A» B L=
7 R HARE, InS v v F L—F— 5B LI BERIZ
HAL, AEFHEEEZHOT22Rn © o HEREL S
B U7z, M8, MKEBUZIE 23 L A= R % kSN
BEAZANONEZR, 222Rn o= oii3iE 1 &
DEKBENT EFEH L, Radon-cast LFL T, 6
~8AKD 23 L =R F KB %E 5~100 m RS TEEk
ORERZL, BEEEIFVE VI CRT IR, U4
Y—DEMEIZ Y H—%01, Y —LilEER
L DEE%Z PDR LV a— 4 —TE=F—3 5, Kk
DEZHOD A v r Py —0NEETIESETE R
EoTUAY—%2D L9 oYL, MERLE~5mF
THRTSE2DIXFROER T, FRIZIXENEL 2o
7o (FFE BATHRAEIE, Z 0k 5 2B R 2
iZbleoT, BEITEIZTHE V720 ),

BHNIEE 222Rn I, —KRITOIEEET L
ZH T, HEREBRE (K) 25H L=, BRES
%, BAME, BIOIHEKFEDLERIEEN DT —
FEREL, BEEEEE A — M ogEEO K E3HH
LEMTRoTz, FCBERBBIZEBWTL, BREOHE
ALK (FET 0 F AT ) TER 222Rn b 25
SR E FRFCEHAIL, BRI 222Rn 6k 072 KEZ A
WTHEKILN O D ZBLIKET T v 7 A1 TH
b Mz L7z (Horibe et al., 1980), F7-, EHHILKFE
PEIZRIT D1BF *2?Ro A8 — B o605 K E
(0.2~260 cm? s7!) iTiTkk £ 22N =— a U BRHD
N (Fig. 12), T bDT7—# & &2, BEERENT
DIERRMER G, 1 —HIVRMEEM TS VK
FEER & OBERBER PIZOVTRWIZEREZED D
Z &M T 72 (Gamo and Horibe, 1984 ; SEE0 « H4E,
1985),
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Fig. 12. Two typical profiles of excess 222Rn above the sea bottom: (a) a simple exponential type, and (b) a

benthic boundary layer type (Gamo and Horibe, 1984).

7. WEBFEAIUOSMERBERKES-
AEBEKEFRORERE

1980 &£ AD &, HAKFIZZS bTFaEn Tty
BAEUHAB—RBENEDHVD LT RoT, Tk
WEEKRRS, 7 L— MERIARFEND, REDA X
MK FICHHEENTWA Z ERHLNIRY, BE
ELDODAZ U HAZHOHEM Yy B TRAZ DT
F v o ARREN, BANRIEREE L TR ELTER
DTHB, A7V v 7 AFEMFETO H. Craig & K-R.
Kim I3, WhELMEAZ U aTEELREL, AR
L KH-82-1 #iygiz W= U 77 b T 7EBKIEE
ICH¥T D A X CRERE 240 TRt L7 (Horibe
et al., 1986), Z DFFE D ORI, ~y FAR—RIE
WZEDAZ VM E FID A7 a~v h T 72838
BEARA LT, B, FAFETIZ #2Ro R 1C
DHFTT/R=T « b T v FEITENTNZD T, FiE
FID # R/ < 75 7 &AGbE b % A
H - SHTEE %, BEEEROREL U TEMES B
B KB AE D ARG Mi— AR & IEE TRIE L7,
T ORI A B KH-85-4 Al THEE L, U

A BiFEOo A RN EEE D A ¥ RERF (B
K7 N—2)(Fig. 13) OBRNZpLH L7z (Gamo et al.,
1987b),
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&
3

50 /
2,000 .
Fig. 13. Two-layered methane plumes observed

above the Loihi submarine volcano (Gamo et al.,
1987b).
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TORY, BEBKEBHOBEE LD X Z TR
G (BOKTN—0) D=y B TEEE, HRSHO
MBEBVKBTERE LTz, BEELOBREAZ X, K&
AT Lo TIRA BRI S NVERT 5729, ZORER
FBIIBUKEERO T BFIZR 6N D, £2 T, RO
WEBKKOERRMEEZRK VAL FL—F—L LT
ELHTEDTHD, Aff M—RK LAY BRIZIE,
EVDIFZL OHMTA L O EFALTORED
oo A7 4 P —¥EH (Sedwick et al., 1990), HEBHE
k< 7 (Ishibashi et al., 1988), B 2= )L7 i~ X R
% (Gamo et al., 1993b), A » FEHFRYEEHE (Gamo et
al.,1996a), BAfE R (Tsunogai et al., 2000), 77 >
& (Gamo et al., 2001c), B~V 7+ F 77 (Gamo
et al., 2004), FEEHHM RS 7 (Gamo et al. , 2003) &
T, HLUVBEBUKIESZ R RS LUIFH LIz, 1
v RER RS TERE L 28K TV — A1, TO%A
v FETRAIO IREKE i (Kairei Field) D% R
IZoRMB -7 (Gamo et al., 2001a), EKFEMGIE
AL, Ll U7=BUKiEEiE L Y BUKEE OB R L,
T OEFREMEZ T CDFER - EMFaIEE OB
A% D7 (Gamo et al., 1991; 1996b; 1997),

—%, BRFIGEBOT L — MERABRETIX,
JEHEREM \ZEME S 3N 0, RBRKDNBIEIZIEHT 5
BB DR R LA, 1980 FRBIHD LIHRIZA
ENDE T olz, BBRKEHREOTHEELLT
BREAZ A AR, RS, BHiENT 7, ARG
R CHEL, A XV RADORERRAAELDS
fi & ZBZ A 522 LTz (Gamo et al., 1988; 1992; #
A, 1099; D, 2002).

8. BHhYIC

AARME LR U< BAFEEDAHMZIBIZA—1—
BRH D, 1996 F& 2002 F£0 2 E, HENLTR—
N—WDLEBR Z2AT 5 B ICEE N (KH-96-5 R
¥ (Gamo, 1997) 35 X U KH-02-4 ¥ fifii% (Nishida and
Gamo, 2004)), BEHEREZII LD LT D8k~ R{LFERL
RECFENLARLL 283 5252 L 72 (Gamo et al. , 2005),
AAM L Ry, BHIET 52—V —1ZiE, Bl
TERBERLEFHT S A D= XABR, L1L, B

BKITEBRZBREBTERVDOT, BETLHETE
LIWAT DHEAKIZ L > THRBEERBPER I TV
BLEZOND, LML, FDEIRAI=XLTK
BEORBKBRA—NAV—BIZ|AT DD, FDOERT
BIZES RDH, 72E, 2% ORERRBERT
HDH, BARMGE A—N—F, IOIZ5%BIOBKEDMN
2T, BRG] OX SRS EfIL, ILICH
REFEDIZNEEZEZTVB,

WEEOWEREIZ OV TR, BTty o —&g
BotiER CPRERMLRL ORI ERMNAE L #EHL,
B L BN OMAEDENHE L OF LWHRE
BABRHEEINSOH B, S a— LR — L DIFRE S
b, B—UNRBEROMAT T, 5% LERIFEEZE
W2, AV FHIVTF 4 —DEVHET—~ZBRLTY
X7, REOERESE LT, HEOKETELRA
REAIZ & % RERAIHIER LR ZE (GEOTRACES) 3
23, 20054 8 HiZ SCOR DEFEEE TAHABANIA X —
kU7, BKFOMEBRAEL EORMES YR DF
BOGRIZCEENDSDOT, ZOHEZHEETIERT
b, HETAIHFREOCEIAL L HIT, REWBNER
< L7zwy,

IO, BARBEZRBEEEB=ZLIZ, ok
WEUEHDB EMHELRELRLAL LB, Th
FCTHEEZ W2, BHEEL T EE oz xn
BRNH L2 NEHOREHEL T TH D, ALHIZIAH]
EES T H 21X 00, REKFEEERTR L Ot
ERPRZEEHZFIEROL OFHEIZ, BLLVEB
LB LES, 4%V EDLOTIRECEES LB
FEVE L R, RAOBRE, BRMCEKMZFIE L
TT7 4=V RICHRTIETERVWLOBIZLALT
HD, TOBRIT, TNETRRBHERZ R TMDL
Al & it B (F530M) 2 LA TS, R —Ra s b
LT & o vk - REBOER, 74 - BT —
LOERE, BIXUORELEHESDOERIZH D R
DEEER LIV, BEM : AR (F11X)(410), BEL
(B)(401), £ I3 (183), ¥HA (F)(111), 2oL
% (89), Joides Resolution(64), 23 > (48), Moana
Wave(21), #EMNL (#148)(20), Atlantis I (15), &&
A (14), BHEMEIH (13), Thomas Washington (13),
S (8), WAL (7), Nadir(5), ZEEA (4), #k
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iy LA 6500 (7), LAZM 2000 (6), Alvin (1),
Nautile (1),
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Oceanographic Studies Using Dissolved Gases as
Chemical Tracers

Toshitaka Gamo T

Abstract

This article reviews the author’s hitherto progress on marine geochemical studies using the
concentration, radioactivity, and stable isotope ratio of dissolved gases as chemical tracers in
the ocean. Shipboard gas chromatography was developed for the simultaneous measurement
of major dissolved gases (O, Ny, Ar and Y.CO3). A Carpenter-modified titration method
was introduced for the improvement of the accuracy of Oz data, which played an important
role in discovering and monitoring temporal variations in deep convection systems in the
Japan Sea, an ideal miniature of global oceans. Radiocarbon (**C) measurements together
with precise ¥CO2 and 6'3C data enabled the author to clarify the timescale of the abyssal
circulation of the Japan Sea, the characteristics of bottom waters in the Philippine Sea,
and the invasion rate of bomb *C from the atmosphere to the western Pacific scawater.
Minor dissolved gases, 22Rn and CHy in seawater, were also analyzed using the originally
designed shipboard measurement systems. The activity of 222Rn (in excess over the 226Ra-
supported portion) in bottom seawaters was applied for the estimation of CO; flux from a
submarine volcano in Kagoshima Bay, and for the mapping of vertical eddy diffusivity just
above the bottom over a wide area of the northwestern Pacific Ocean, where the distribution
and characteristics of benthic boundary layers were also researched. Data on CH, in deep
seawaters were accumulated at and around hydrothermally active sites or cold seepage zones
associated with plate boundaries, to discover new active vents and elucidate the chemical

characteristics of emanating fluids from the seafloor.

Key Words : dissolved gases, chemical tracers, abyssal circulation of the Japan Sea,

radionuclides, submarine hydrothermal activity
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