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Geochemical studies on submarine groundwater discharges
in Toyama Bay using methane as a tracer
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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,. Thed *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.
Key words: methane, carbon isotope, submarine groundwater discharge, Toyama Bay
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Table] Analytical results of seawater samples in

Uozu.

Uozu  Location Depth [CH,] 5'%c Salinity D.O.
longitude latitude m___nmol/kg %oVPDB (%o) ml/l
stn.1  36°50.200'N137°23.788'E 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 6.57
20 3.6 -51.4 33.92 6.49
30 3.9 -50.5 33.96 6.32
50 45 -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 -59.4 33.73 6.45
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
35 247 -61.3 32.66 6.84
7 8.3 -60.0 33.49 6.36
stn.6  36°50.159'N137°24.201'E 0O 97.8 -61.0 16.97 6.95
3 226 -61.6 32.94 -

5 14.7 -61.2 33.23

Table] Analytical results of seawater samples in

Kurobe.

Kurobe  Location Depth  [CH,] 5'%c Salinity D.O.
longitude latitude m___nmol/kg %.VPDB (%0) ml/l

stn.1  36°57.825'N137°28.201'E 0 26.8 -58.6 21.04 7.1
5 4.7 -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 4.9 -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 0O 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 4.2 -54.2 33.87 6.43

30 56 -55.6 33.89 6.76

457 76 -61.6 33.96 6.46

stn.3 36°56.772'N137°28.740'E 0 38.2 -60.2 27.72 6.80
5 6.5 -56.7 33.67 6.67

10 4.7 -53.7 33.82 6.52

16.5 4.9 -55.0 33.82 6.78

stn.4  36°56.836'N137°29.043'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
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Tabledd 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  %oVPDB mi/l uS/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 5.93 -—-

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 7.8 -63.5 - ---

22 02/06 Submarine groundwater 1.2 -42.4 --- ---

22 02/07 Submarine groundwater 15 -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 - -
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Table] Analytical results of groundwater samples

in Uozu.
Station Date [CH,] 5'%c D.O.
year/month  nmol/kg %.VPDB ml/l
02707 - - 34
02/09 29 -76.5 3.1
03/04 1.0 -41.8 —
13 02/05 5.3 -82.6 6.3
02/07 —_ — 6.1
02/09 1.2 -66.3 5.9
03/04 1.3 -38.0 —
18 02/05 2.1 -47.3 6.3
02/07 - - 6.1
02/09 93.2 -86.7 6.5
19 02/05 5.1 -65.2 5.7
02/07 - - 5.8
02/09 2.7 -54.3 6.0
03/04 2.7 -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 3.8
03/04 2.1 -29.0 -
25 02/05 9.5%10° 95.5 0.2
02/07 — — 0.2
02/09 6.5%10* -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 — - 5.7
02/09 44 -71.9 5.6
03/04 5.1 -81.1 —
30 02/05 2.0 -72.8 5.3
02/07 - - 55
02/09 0.6 -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 -48.5 6.5
02/05 1.0 -45.9 -
02/07 - — 6.5
02/09 1.1 -41.2 6.3
03/04 0.9 -38.1 —
34 02/05 26 -50.3 —
02/07 — 6.2
02/09 2.9 -42.3 5.6
03/04 3.9 -48.0 -
35 02/05 2.1 -48.2 —
02/07 — — 6.2
02/09 1.9 -43.5 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 -31.7 -
38 02/04 1.0 -46.2 5.6
02/05 0.9 -47.5 5.6
02/07 — 5.9
02/09 1.3 -49.2 5.4
03/04 1.4 -64.0 —
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Tabled Analytical results of groundwater samples

in Kurobe.
Station Date [CH,] 5"°C D.O.
year/month  nmol/kg %oVPDB ml/l
02/06 17 -39.8 54
02/11 15 -40.5 -
2 02/06 1.9 -41.8 57
02/11 2.2 -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 16 -43.1 53
02/11 0.7 -39.4 —
6 02/06 1.1 -40.1 58
02/11 1.1 -38.1 -
7 02/06 0.9 -38.3 4.1
02/11 0.7 -44.0 -
8 02/06 0.7 -33.0 42
02/11 0.5 -32.4 —
9 02/11 0.7 -28.1
10 02/06 0.8 -33.6 59
02/11 0.6 -24.1 -
11 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 - - 4.6
02/11 1.2 -40.3 -
16 02/06 3.3 -57.8 45
02/11 57 -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 2.0 -38.0 6.7
02/11 45 -59.8 -
20 02/06 11 -43.4 6.5
02/11 1.1 -41.3 —
21 02/06 1.0 -36.6 5.9
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 06 -40.1 6.9
02/11 0.6 -36.4 -
28 02/11 1.8 -36.0
31 02/11 23.9 -42.7
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