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.We present here a geochemical study on the SGD in the Toyama Bay using CH. and its car-
bon isotope ratio as tracers. We found that all SGD fluids and many of land groundwaters con-
tain less methane than natural water in equilibrium with atmospheric CH.. The 6%C values of
CH. in the SGD fluids range from -50 to -20% VPDB, almost comparable or slightly higher than
that of atmospheric CH.. The results suggest that most of methane in the SGD fluids had been
derived from the atmosphere and a part of the CH. is oxidized in the course of groundwater flow
through the aquifer, with no CH. production that is usual in highly anoxic groundwater.This is
probably due to little organic matter content in the aquifer and/or a short residence time from
recharge to discharge on seafloor. The low concentration and high carbon isotopic ratio of CH.
are similar to those in some of the land groundwaters. The SGD fluid in Uozu should be flowing
underground along the Katagai River.
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(Li et al., 1999; %+, 2001; Burnett et al., 20017

) 2XoT, MEEHKDBHE L L2 S Az
L, KIX%EEZ D ET, Fh%ian oy
HeNBRBEOBEWE 2 BT 28K L LCE
BTHoHLEEZONBEIICHNDOH 2,

BIRBHAICOWTE, #Y 75 V=7 (Muir,
1986; Oberdorfer et al., 1990), ~#F 21—t vy
(Charette and Sholkovitz, 2002), A% 2 - 2%
% B (Moore, 1996), #E (Kim and Hwang,
2002), /"7 A (Garrison et al., 2003), 75 v %
(Marty et al., 2001) 7 54 E T2 DEESTE
SNTV 5, WRFEHAIFRREOBRIEICS 2 2B %
FHIi S 572010, EBREICOREA 7027 M sk
SNTHBY, FITKRET7 0 ¥ OwEE KON
T, ML, MIKPHEE, kXFERE, £HED
O SERRIATIED % SN T3 (Back and Hanshaw,
1970; Brooks et al., 1993; Bugna et al., 1996; Cable et
al.,1997; Caoet al., 1999) .

L LG5, WEEBKOEERISEHEE 2 - &
Po, WBEEHKIEET 2L REFWEORERZ
DWFE~OHEE ERICAMED 2H%IE, $75FY
EATOZR, FIZ, BHEORED R, BllERO
DEPRBARPBEICHAVO NS FEOENICL ST
RELBRLEZODBIRTH S (Li et al., 1999; 510,
- 2001; Burnett et al., 2001), 7z, BELro#MTiE L
BLMBEE MK O T il 2 Mt 2 i piddeEic
D, FHELREPBREBRERTYS,

AWFFETiX, BEH - AR (1988) % &Ik - Tk
T T ROBEBROFENHE SR TWEEILNEESR
N FRNTRRG TR E LT, BEDTAE
H2SE & T 2 RSB X O TR0
AT YDOFHERELPIC Lz TG TAT OB
1L - BITIRRBITH U CIEBICHBIC RS T2 & v ) i
BELOBHERAY VR MERBENE L—Y— L LCIE
MATBIELEBERLADDOT, 27V OBE - RER
FEARKLEG A & MR 3 T K DT 018 S % A&
DT LTI L7,

2. XF2RUZORFRMFOHERLS

AN T A, BRER, ZBILRE, 25, EEBbEE
o EOBHFREETE, FERAF VDL IEAE
DA F B EOREEZ T T, BTKICHEE
LT ERETH720, PL—Y—LLTHEHTHS
(Lupton and Craig, 1981; Brocker and Peng, 1982;

Tsunogaiet al., 19987 &), HTH X & Y IZFAHIZ
EHUE (RRTPHEETH 5 3nmolke ) Lad 3
NTORRWE, FHWAE RCEBIEEIC S 2 Kk
(Zz& 243, @8, KHE, WIOFOBIBT 2RE
HRYP 2 L) TRy VERBEOER CEIRE 2
2EPH D, 70 FRBEL EORERTIE, BE
BHKIIERDOZE CROBTERETICH 2 Bk
THBLTLDZDICHEEX Y Y OBRENEL, A4
VIREDBWEEEHAKICE > TR E 2ELEKRO
AV VREREOEAVCILBEHREY RO LIMED 1
SNTw2% (Bugna et al., 1996; Kim and Hwang,
2002),
HTKRPDORXY Y OREECOER L LT, kY
EHZLEZUTOL4ODORENE 2 N3,

A BREITEIHREES TV 2 MEo7- 2 7 Y OBILEIS
- CH;+ 2 0,:—CO,+ 2 H,0
- CH,+ S0, —HCO; + HS™ + H;0
B. BWETLRETIIBITS X ¥ v OEKRKG
- CH;COOH—CH, + CO,
- CO;+ 4 H,—~CH,+ 2H,0

REDREFMAIIZC £°C 58 50 FEIZHIT
RRTBRIS I BT, BORKAE (°C) % &A%
LEWORSREFECRMLAE (°0) 02z~
THFP S EEDE . = ORAEOEE % FIH
TAHILTHTRTDORXY VBEOR/NMBELTED
BEEHET S LN TE 5, RERMALLET
5"Canld T DR TREES NG,

0 Cons (%0) = {((HC/IZC>X/(HC/MC)STD) —1} x1000

CCTXRkRMAL %, T-STD I EEYH
(VPDB) % & 5,
EHBROATRENZAY > OBILRIEA T 1ZD
N, KRS A S v ORERMAEE (6%Cen) 13
REBEICKEL LD ~HEBDODBTRLIEAY VA&
BEIETORBTHY, COBSIERTIAZ LD
OPCHEN/NES D, BRRbL, KPICKERE
REITERA A AT BN BRIE T CIE
REIZBEN XY Y0 OB EEN B 720, BEAY VD
REMEL 25 L, ZORERMAKKIZ—KRICEL %
BIEM B0 —7, BHEBELHBEA L OIRZT
5 L) BREVETTRET T, X7 Y OERISHIHE
95729, BHEAY VOBENREL 25I2o0T,



BIERA Y ¥ R RECA 8 LB IR Tk OB L RRTSE 133

1 37°|00' 137°20' 137°40'
- !

0l.L€

Location of the studied sites.

Fig. 1

ZOREFMAELIZEL 2 2EMICHD I EFE.
3. 23l - FRIIBRIICH T HHTK

FUREL] - FENTRRGE, BATOHEHD
KiE (91,250 m) FEFOBILBORMIMEL TS
D (Fig. 1), ZO&E#%I21E3,000 m O 7 L&)
BB OBAENS L, HREIEZRREFEEEL
BIZAVALIEE 2 LTWA, FICFRIIRERET
i, RS ORET TOARIER22 LRT, B
K EAVRTE T4, 000 mm/yr & FEEICE o

CDES, ARFAEATHLEIL, WTKIEET
B2 LhD, BERTAIERRILNEIAHTS
BEBE LTS, ZORIBICBHEROSH & FIK
WO L O ER, B OBE ICET ARIES
CHERTWD (R - A, 19717% ). BKBH
KizoWwT b, B - B (1988) , Ak iE2 (2001),
Zhang and Satake (2003), f 7k (I » (2003),
Suzuki and Zhang (2003) % & BEMESNTS
p, BE) - A ENFRRGOEEEHASEEICE
&waéﬁﬁw%ﬁﬁﬁﬁub#ofwéoit
e - BEHE (1993) TRAIGING ¥ A0 HHFKE
KOEHEATNIAD 3EFHET L L AR 0T
%. %512 Suzuki and Zhang (2003) &I DOHID
VR K OB VR ERIRES S, BIIEORRE
BT B B AR A BV B AT IR D
1.6~2.0f L RAFED o T2,

LA Lo s 0l TAPHEERE AT, BFERME
RO E EHE Sh vk, AR TIER
w-%ﬁﬁ%%ﬁﬁmﬁ%Téfyy%%ﬁE@M%

T2 lickoT, BEFEHALELRBTROWED
Bt TR 2 SO, BRE M T KOER & %
LHTAZEEL, BTAROKEBBEDOER LA
720

4. BKESRTE

4.1 #HK
KRABAKR L BT 5 ERERA T Y ORAPHAS
HD A Y Y ORENDOERYEBZ 5o T3 B2 RE
L7 & BREUR ISR A S N O A TR I & o TA
¥ DOEES L UOCRMAELIZET 2 TRELRD 5.
D OAHRETRHAAERIOml BB T AN,
TV ERAT 2 — 72 BT, BRELL 727K %100 ml
BEF —N— 70— STz L, S HeCL#E
W (S CHRROT AR R PREE) T REO
72500 u ML 7= LT, BMEERATF VT A
BETIVIV—VEHACTREAFAL VL) THE
LSRR L
ARFgeCaAT L2 B3I - A BIIERIIR RO R
EHE20024F 4 F 22 520034 4 A1 THRIRS iz b
OTH Do WHEELAIR 1 7 AEB S CHEERAL
720 BILBIREERORE T OWKEIMP BT S
P AR ViRKEE A, FRREKRTIAT YT
BNy T EA SEK L7 ze MRS AR, Rk
Z4 (2001) OFFEEFRWT, BHTIEI7m &33m
DM, AETIHSm E2m D 2MA, FH4HA
T A N LTz fkIEAD (2001) THE, #T
m%ﬁEﬁT#%%ﬂ?5%Lw$&%ﬁmL,%%
NEREME V3 m O TERREREALTEus/
em (#EZKIZ#940 mS/cm) O PeANEHL T K DFRIUUZ B
PLTWD, 72 CRABER, RMLAKAHOE
SEEEYEHEREUESTHEL, WAOBRICE
IR DEAN R LS DR L7z ¥ 7 HBIKE
KOMAMETIE, ¥4 S—H=AF VRkBEEN
VBT #9100 cm DK S HRA L7zo B BT RIZ
B 7213 < A T oA 5 K BRI T16H
ﬁ,%%m%ﬁﬂf%ﬂﬁ,itﬂmmmﬁﬁmwi
E@*%WD#%L%«&4ﬂﬁf%h%hiﬁx
Fv 7 BONF Y TRALK (Fig. 2)o

4.2 9
%@@N4TWﬁK%ﬁLT%Bﬁotﬁﬂm
Tsunogai et al. (2000) /R & nhEECEIY AT
FAERE L, CONZZEHe L 2%%, FALALERSHT
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Fig. 2 Sampling stations of submarine groundwa-
ter discharge (SGD) (@) together with am-
bient seawater (), groundwater (%), and
riverwater (2) in and around (a) Uozu and
(b) Kurobe.
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5.1 BEEBHKERDBK

FEMN L B TR L - KRB O R R 20
FN Tablel & Table 2 IZ7R ¥, F/-EBEERAB L
O Z DE LBKDGH#EE % Table 3122 N2 IR
§o BERTH & AEMOWRKEMK, BB X OE
LiBERORX Y VIREOSHES A% Fig. 3, A5 0

LN R = RN

Table 1 Analytical results of seawater samples in
Uozu.
Uozu  Location Depth  [CH,] &% Salinity ~ D.O.
longitude latitude m__ nmol/kg %.VPDB (%0) mi/l
stn.1  36°50.200'N137°23.788E 0 50.3 -58.5 19.03 7.01
5 5.8 -55.0 33.75 6.61
10 3.7 -49.6 34.08 6.42
15 3.5 -51.0 33.89 8.57
20 36 -51.4 33.92 6.49
30 3.9 -50.5 33.96 6.32
50 4.5 -53.1 33.98 6.20
stn.2  36°50.168'N137°24.012’E 0 63.7 -62.2 18.61 7.10
5 19.9 -61.7 32.82 6.76
10 9.1 504 3373 645
15 6.9 -57.1 33.82 6.72
20 8.2 -59.4 33.75 6.51
30 6.2 -57.1 33.89 6.30
46 6.6 -57.6 33.91
stn.3  36°50.149'N137°24.076'E 0 67.6 -61.9 17.77 7.00
5 10.5 -58.2 33.38 —
10 7.6 -59.5 33.63 6.33
14.5 7.0 -58.4 33.84 6.33
22 7.0 -58.6 33.82 6.28
stn.4  36°50.131'N137°24.118'E 0 70.4 -61.6 32.57 6.98
4 10.8 -60.7 33.32 6.35
8 7.7 -58.1 33.48 6.27
stn.5 36°50.135'N137°24.153'E 0 68.9 -61.7 17.35 6.98
3.5 247 -61.3 32.66. 6.84
7 83 . -60.0 33.49 6.36
stn.6 36°50.159'N137°24.201'E 0 97.8 -61.0 16.97 6.95
3 226 -61.6 32.94 -—
5 14.7 -61.2 33.23 -

Table 2 Analytical results of seawater samples in

Kurobe.

Kurobe  Location Depth  [CH,] 5"C  salinty D.O.
longitude latitude m___nmolkg %.VPDB (%) mi/l

stn.1  36°57.825'N137°28.201'E 0 26.8 -58.6 21.04 7.1
5 47 -52.5 33.71 6.64

10.6 5.0 -52.3 33.82 6.62

17 4.1 -51.6 33.84 6.53

30 49 -55.1 33.89 6.32

50 9.7 -65.2 33.97 6.21

100 19.8 -69.2 34.04 6.00

stn.2 36°57.634'N137°28.411'E 0 36.9 -58.9 27.96 6.92
5 58 -54.6 33.72 6.67

10 4.4 -51.2 33.84 6.53

15 4.0 -51.1 33.87 6.45

20 42 -54.2 33.87 6.43

30 5.6 -55.6 33.89 6.76 -

457 76 -61.6 33.96 6.46

stn.3 36°56.772'N137°28.740E 0 382 -60.2 27.72 6.80
5 6.5 -56.7 33.67 6.67

10 47 -53.7 33.82 6.52

16.5 4.9 -55.0 33.82 6.78

stn.4 36°56.836'N137°20.043'E 0 30.5 -59.5 26.00 6.96
4 6.6, -57.0 33.59 6.56

8 52 -54.6 33.84 6.65

stn.5 36°56.994'N137°28.939E 0 30.2 -59.2 25.96 -
10 49 -55.0 33.87 6.55

19.5 6.2 -57.6 33.87 6.46

REFAMAKIL (6°C) DB % Fig. 412 Fh 2
RS A% ¥ OWEE KL E EEKIZ20024E 4,
5, 6, THL2003E3ADF— % %, FBDEKIE
2002F 4 ADF—% R LTWwW5h,
BEEHARFOR Y VBEITRTREFEOME
(%) 3nmolkg) XY bERMIESP o720 FHZ2DF
BTN EREO#HBANTH o720 ZhiZH LEZE
HAXKFDRAY VIREZTRTCRAFHIELIY I E



WA Y ¥ 2RI 72 B LB YIS b T /KD IR FHIRT 72 135

Table 3 Analytical results of SGD samples, together with those taken just above the

SGD.
Location Depth  sampling time [CH,] 5" c D.O. Cond.
longitude latitude m year/month nmol/kg  %.VPDB ml/l yS/cm
Uozu 36°50.129'N 137°24.144E 8 02/04 Submarine groundwater 1.3 -52.0 7.28 1850
8 Seawater just above spring 8.9 -60.7 6.47 -—-
8 02/05 Submarine groundwater 1.9 -47.3 6.38 117
8 Seawater just above spring 6.9 -53.8 © 593 -
8 02/06 Submarine groundwater 1.0 -42.8 - 121
8 Seawater just above spring  10.9 -57.8 - -
8 02/07 Submarine groundwater 1.4 -46.4 6.04 -
8 Seawater just above spring 9.6 -59.5 5.70 -
8 03/03 Submarine groundwater 1.3 -40.0 - -
8 Seawater just above spring  10.8 -54.7 - -
36°50.131'N 137°24.078'E 22 02/04 Submarine groundwater 1.8 -45.9 5.19 130
22 Seawater just above spring 7.0 -57.9 6.33 -
22 02/05 Submarine groundwater 2.0 -48.1 - -
22 Seawater just above spring 78 535 - -
22 02/06 Submarine groundwater 1.2 -42.4 - -
22 02/07 Submarine groundwater 1.5 -45.8 5.59 -—-
22 Seawater just above spring 6.1 -56.7 4.04 -—-
22 03/03 Submarine groundwater 1.1 -41.4 - -
Kurobe 36°56.766'N 137°28.734E 17 02/04 Submarine groundwater 1.5 -65.7 -—- -
17 Seawater just above spring 5.3 -56.6 - -
17 02/05 Submarine groundwater 2.3 -65.9 5.04 -
17 Seawater just above spring 7.0 -54.8 5.89 -
17 02/06 Submarine groundwater 1.7 -46.5 - 160
17 02/07 Submarine groundwater 1.8 -42.7 5.30 -
17 Seawater just above spring 5.4 -55.4 5.28 -—-
17 03/03 Submarine groundwater 1.5 -39.1 - -
36°57.011'N 137°28.796'E 33 02/05 Submarine groundwater 2.0 -54.5 4.18 -
33 Seawater just above spring 9.8 -59.3 5.92 -—
33 02/06 Submarine groundwater 1.5 -45.2 - 180
33 Seawater just above spring 8.9 -61.2 --= ---
33 02/07 Submarine groundwater 1.2 -45.6 - -
33 03/03 Submarine groundwater 22 -38.7 - -
33 Seawater just above spring  11.0 -58.3 - -

v, EBHATOR & v ORERMELE, BER
EAABICBITELDERALNLY, BLALD
SR OEADE LA AR L ) BEWEERLT
W3, DX EM, REHRIEOMAKD I Y Y I
=Yg vARRTHIE, BROBREREEL XY
L ORERRMALICHERA LRSI THE. L
PLEDL S HAHERED 5NE, Table3 R L7
I3 RS AR OBRZEEIFECES, £
CERED o Th SUREDOHKDREN DS ICEBES
Ve SO END, FRELOEEORRIZERDOR
ATER L, BEEHKBROEHERLTVAEE
ZbNbdo,

ESIiEAK RO A & VAR OB E LT, REDRE
PRETEOEE Y b (HAF100 nmolke), M
RIS (- 60%VPDB) Z AT oM 20
90024E 4 B\ FREL L 72 BRI O ik TR O DSHES
ﬁ(ﬁgs)u,%EOmwﬁm¢®ﬁ%ﬁﬁ%m
K hoTHY, AIANRBCHAL TSI LA
b b %7- Marty et al. (2001) FHBRTIEA Y

UHAEREEAL LCHBIEORBIIRNES I L =
ELTWwD, EBIC, AFRTOWERRPS, Lt
BIC TR GREUE S I Fig. 2 1) K
o)A Y VIREEE b —T, RRMAALITE
B h v B ERSRD bhiz (Fig. 6) 20
Crhb, BUBRBOA Y VEEOHAB LUREK
R OB A NIADTA L B H D LEESI N
b

F 7o BEi40 m DLRWEART D X ¥ VIEERRRH

mmngk%<,x&V®ﬁiﬂﬁwm@—%~

0% LB, S, EM O L & OBER
?ﬁ%wﬁﬁgimﬁNMnﬁﬁ)K%ﬁ%&%Gf
H0, BTN TOMNERITERRICBVWTA ¥ UhE
BLCTEsEABLEEZONS (Oremland, 1979;
Marty, 1993). —77, BEKE _FHK % &0 CHEKER
CEEEBHAKICERTS L) B AY VIEERE T
Yo h ol

5.2 BELEHTXK

ﬁﬁm%ﬁﬂk%%m%ﬁﬂﬁﬁﬂbt@LﬂTk
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Table 4 Analytical results of groundwater samples Table 5 Analytical results of groundwater samples

in Uozu.

Station Date [CH,] 8C D.O.
year/month __nmol/kg %oVPDB mit

—02/07 — o 34

02/09 29 -76.5 31

03/04 1.0 -41.8 -

13 02/05 53 -82.6 6.3
02/07 — — 6.1

02/09. 1.2 -55.3 5.9

03/04 1.3 -38.0 —

18 02/05 2.1 473 6.3
02/07 — — 6.1

02/09 93.2 -86.7 6.5

19 02/05 5.1 -65.2 57
02/07 — — 5.8

02/09 27 -54.3 6.0

03/04 27 49.8 —

22 02/04 0.7 -37.9 7.8
02/05 1.1 -38.7 —

02/07 - — 7.4

02/09 0.6 -34.2 6.6

03/04 0.9 -40.1

23 02/05 2.8 -19.4 —
02/09 3.3 -16.8 38

03/04 2.1 -29.0 —

25 02/05 9.5x10° -95.5 0.2
02/07 — — 0.2

02/09 6.5x10* -78.2 0.1

26 02/05 726 -85.3 46
02/07 — 5.4

02/09 11.8 67.3 46

28 02/05 6.4 -79.0 —
02/07 — — 57

02/09 44 719 56

03/04- 5.1 81.1 —

30 02/05 2.0 72.8 5.3
02/07 o - 55

02/09 06 28.9 5.3

03/04 0.8 -38.2 —

31 02/09 0.8 -36.1 5.8
03/04 0.8 -38.7 —

32 02/04 15 485 6.5
02/05 1.0 -45.9 —

02/07 — — 6.5

02/09 1.1 412 6.3

03/04 0.9 -38.1

34 02/05 26 -50.3 —
02/07 — 6.2

02/09 29 42.3 5.6

03/04 39 -48.0 -

35 02/05 2.1 482 —
02/07 — 6.2

02/09 1.9 435 6.1

03/04 15 -39.9 —

36 02/05 26.8 -10.9 —
02/09 6.6 -15.0 42

03/04 1.7 317 —

38 02/04 1.0 46.2 5.6
02/05 0.9 -47.5 5.6

02/07 - — 59

02/09 1.3 -49.2 5.4

03/04 1.4 -64.0 -

OSHEE% Table 4 & Table 5 X ZNENRT . B
FHTFK S EE AR O R ¥ VIREICHT 5 RER
Rk O BR (Fig. 7) 25 REE#T RO,
X ¥ VBERKEEEHE L ) DR, RERMALDS
FETPEE L D b EE WD IEE K & FRRORE
B o TVh, WTICLARGENCIZRBEAKERLA S
VIR L RERAMAL, ThbbRAL FHOMEE
Lo TWieds, HTFKDZOH%OBLEITIRE & FEk
LGl b AR ZEL Lz e 2 bbb BTK
HICREREND L L &, HTFAFOR Y VIZREATF
wOEH S L4 ) —HRRBORIHE - TRILE NS
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in Kurobe.
Station Date [CH,] 5C D.O.
year/month __nmol/kg %oVPDB mi/l

1 02/06 1.7 -39.8 5.4
02/11 1.5 -40.5 —
2 02/06 1.9 -41.8 5.7
02/11 22 -24.5 -
3 02/06 6.4 -56.6 5.8
02/11 4.0 -48.1 -—
4 02/06 25 -51.2 —
02/11 2.0 -51.9 -
5 02/06 1.6 -43.1 5.3
02/11 0.7 -39.4 -
6 02/06 1.1 -40.1 5.8
02/11 11 -38.1 -
7 02/06 0.9 -38.3 41
02/11 0.7 -44.0 -
8 02/06 0.7 -33.0 4.2
02/11 0.5 -32.4 -

9 02/11 0.7 -28.1
10 02/06 0.8 -33.6 5.9
02/11 0.6 -24.1 —
1" 02/06 0.4 -33.0 6.2
02/11 0.6 -22.6 -—
12 02/06 - - 6.8
02/11 65.4 -32.9 -
14 02/06 - - 46
02/11 1.2 -40.3 -
16 02/06 3.3 -57.8 4.5
02/11 5.7 -36.8 —
17 02/06 - - 4.4
02/11 55 -75.5 —
18 02/06 - - 71
02/11 3.8 -44.8 -
19 02/06 20 -38.0 6.7
02/11 4.5 -59.8 -
20 02/06 1.1 -43.4 6.5
02/11 1.1 -41.3 -
21 02/06 1.0 -36.6 59
02/11 0.9 -36.1 -
22 02/06 23 -45.0 5.8
23 02/06 0.7 -35.9 5.0
02/11 1.4 -40.6 —
24 02/11 .95 -88.7 -
25 02/06 1.4 -43.7 6.2
02/11 1.0 -35.9 -
27 02/06 0.6 -40.1 6.9
02/11 0.6 -36.4 -
28 02/11 1.8 -36.0 -
31 02/11 239 -42.7 -—
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CH, (nmol/kg)
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Fig. 7 CH. concentration vs.5%Ceus plot for the

sample of SGD (@), groundwater (), and
riverwater (),
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RALZBOWERHIEr o - L RSN B, Bha
WCHRNEAD (2003) 1, EER)I - B EIERBOBE
BHKPOBELEREY (DOC) #WEL, HBEEH
K H11Z 1 DOC 281.5~6.5 umolkg & & & & L 2
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Distribution of groundwater in (a) Uozu

Fig. 8
and (b) Kurobe, together with their
oxidation-reduction stages (O: Oxidation
stage, X: Reduction stage).
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