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Abstract

There are 256 non-volcanic hot springs from deep wells ranging from 1,000 to 2,000 m
depth in the five areas of the Kanto, Osaka, Ishikari, and Nobi Plains, and the Ise-Shima-
Suzuka Districts. The anions in the hot springs consist mainly of two anions of HCO;~
and Cl~ ions in various ratios, while the val% of SO~ ions that are one of the main an-
ions in volcanic hot springs are less than 2% of total anions. When the concentration of
total solutes in the hot springs is low, HCO; ions are main anions, whereas Cl  ions are
main anions at high concentration of total solutes. The distribution maps of Cl~ ions in
the hot springs deeper than 1,000 m under the five areas were made. The origin of C1™ ions
was discussed by the B/Cl mol ratios in the hot springs. Since B/Cl ratios in the Kanto
Plains, Osaka Plains, Ishikari Plains and Nobi Plains are less than 0.01, C1~ ions were as-
cribed probably to fossil sea water. The concentrations of C17, Na*, Ca?" and Mg?" in-
crease with the increase of the total solutes. The concentration of HCO; , however, does
not increase and becomes constant with the increase of the total solutes at their high con-
centration region. The suppression of the increase of HCO3;™ concentration was explained
theoretically by the equilibrium reactions of Ca*" +HCO; =CaCOj;(solid)+H™" .
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Fig. 1 Hot springs from deep wells and geologic map in the Kanto Plains. The Kanto Plains are
located around Tokyo in Honshu of Japan. The number corresponds to a site of hot spring in
Table 1. The val ratios of Cl~ ions in hot springs are classified by the following three cases. O :
larger than 2/3, []:1/3-2/3, /\ : less than 1/3. E= : area where the ratios of CI™ ions in hot
springs are larger than 2/3, [__]: Quaternary and Neogene (0-24Ma), [-=7]: Paleogene and
Mesozoic (24-200 Ma), . sea and lake.
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Fig. 2 Hot springs from deep wells and geologic map in the Osaka Plains. The Osaka Plains
are located around Osaka in Honshu of Japan. The number corresponds to a site of hot
spring in Table 2. The val ratios of Cl™ ions in hot springs are classified by the following
three cases. O : larger than 2/3, []:1/3-2/3, /\ : less than 1/3. E= : area where the
ratios of CI™ ions in hot springs are larger than 2/3, [__] : Quaternary and Neogene (0-24
Ma), 271 : Paleogene and Mesozoic (24-200 Ma), . sea.
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LR - SRR B X CEEEFICE T A o3, £ EN 1.01920.100, 0.999+0.014, 1.007E
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Fig. 3 Hot springs from deep wells and geologic map in the Ishikari Plains. The Ishikari
Plains are located around Sapporo in Hokkaido of Japan. The number corresponds to
a site of hot spring in Table 3. The val ratios of Cl™ ions in hot springs are classified by
the following three cases. O : larger than 2/3, [1:1/3-2/3, /\ : less than 1/3. E3:
area where the ratios of CI~ ions in hot springs are larger than 2/3, [__] : Quaternary
and Neogene (0-24 Ma), . sea and lake.
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Fig. 4 Hot springs from deep wells and geologic map in the Ise-Shima-Suzuka Districts.
The Ise-Shima-Suzuka Districts are the east side of the Kii Peninsula, which is located
between Nagoya and Osaka in Honshu of Japan. The number corresponds to a site of
hot spring in Table 4. The val ratios of ClI~ ions in hot springs are classified by the
following three cases. O : larger than 2/3, []: 1/3-2/3, A : less than 1/3. B : area
where the ratios of Cl~ ions in hot springs are larger than 2/3, [ : Quaternary and
Neogene (0-24 Ma), [-=71 : Paleogene and Mesozoic (24-200 Ma), : sea.
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Table 1 Hot springs deeper than 1,000m under the Kanto Plains
£ 1 BRTEFOHTF 1L,000m LLEOKFERR
Site Depth | Temp. | pH Cations (mg/1) Anions (mg/!) HBO., | Remarks®
number® | (m) | (C) Nat | Ca** | K* [Mg* | cI- |HCO, |cop | (mg/l)
1 1300 34.7 18.25| 1130 15.2| 37.2| 21.5| 1430 671 b-1
2 1500 41.7 | 8.1 556 13.6 | 12 0.6 693.3 | 300.2 | 13.8 27.8 b-2
3 1300 37.0 | 7.45| 2200 489 62.2 | 27 4210 129.0 b-1
4 1500 36.5 | 7.54 485 38.7| 15.9 4.2 802 110 b-1
5 1500 44.6 | 8.40 708 160 6.6 0.6 1290 34.8 b-1
6 1250 31.3 | 7.22| 7510 1330 40.4 | 328 15600 23.8 b-1
7 1202 27.3 | 7.95| 4418 178.1| 80.0 | 13.6| 6694 167.8 0.6 62 b-2
8 1500 57.3 | 7.55 | 6412 439.3 | 53.7| 50.8| 11040 114.7 0.3 | 128.5 b-2
9 1050 27.4 | 7.68| 3140 53.3| 64.6| 136 4350 1280 b-1
10 1200 32.2 | 7.78 589. 28.5 1 10.5 7.8 763 396 12.6 18.9 b-2
11 1200 37.4 8.2 161. 5.8 5.8 1.4 55.5 | 356.3 9.0 b-2
12 1325 26.8 |8.56 | 2920 99.5 | 22 1.9] 4191 269.3 | 10.3 | 577.9 b-2
13 1500 31.3 8.3 1410 36.4| 35.8 2.3 | 2229 100.7 | 15.6 71.1 b-2
14 1200 35.2 |8.70 131 1.5 3.1 0.5 0.3 ] 286.2 2.8 b-2
15 1300 46.0 | 7.17 | 9120 636 88.4 | 220 15900 170 b-1
16 1300 23.6 | 7.66 | 5900 90.6 | 156 185.8 | 8271 1171 b-1
17 2000 40.2 | 8.0 2493 179.9| 25.6 | 10.8| 4308 52.5 8.4 79.3 b-2
18 1500 38.3 | 7.71| 1580 71.6 | 19.9| 22.9| 2343 576.6 1.2 8.1 b-2
19 1300 42.8 | 7.39 | 4800 268.7 | 43.6 | 150.5 | 8155 358.8 0.3 78.6 b-2
20 1200 39.8 |8.17 649. 8.8 1 29.3 1.8 553.6 | 823.7 4.5 4.4 b-2
21 1500 47.4 | 7.39] 7740 362.0 | 78.0|198.9 | 12720 341.1 | 13.2 138.2 b-2
22 1200 42.0 | 7.48 | 7600 385 77.5 | 72 12300 293 b-1
23 1000 29.6 |8.8 700 13.2| 13.2 1.0 1035 146.4 | 24 34 b-2
24 1495 22.9 19.18 45 1.5 3.9 0.1 15.5| 101.3 7.6 b-2
25 1100 33.4 8.3 178. 1.4 4.3 0.9 67.0 | 352.1| 19.8 9.8 b-2
26 1500 39.8 | 7.95 455 2.4 16.2 1.0 307.8 | 640.7 2.1 17.5 b-2
27 1300 38.0 |8.22 322 0.8 9.1 0.7 191.4 | 535.7 3.3 14.9 b-2
28 1500 39.2 | 7.54 | 7479 638.3 | 272.8 | 169.8 | 13400 233.1 10.2 b-2
29 1200 33 8.1 703. 6.4 35.6 1.6 38.9 | 1778 77.3 1.9 b-2
30 1503 40.5 | 7.4 7170 425.4 | 73 277.3 | 12750 274.6 0.3 73.3 b-2
31 1300 40.8 | 7.38 10170 672.3 | 434.9 | 140.3 | 17470 269.7 7.4 b-2
32 1000 20.0 | 7.61| 3140 29 115 87.5 | 3689 2350 b-1
33 1381 37.2 |8.75 227. 2.3 5.5 1.0 164.4 | 355 21.2 b-2
34 1600 45.3 18.07 793. 14.7 6.0 1.9| 1036 341.7 54.4 b-2
35 1350 41.3 |8.03 460 57.3 4.9 2.0 680.9 | 335.6 10.5 b-2
36 1500 40.3 | 7.83 | 3035 60.0|107.5| 17.2| 4080 1477.4 9.2 b-2
37 1600 37.6 | 7.58 | 8224 254.5 | 259.5 | 159.8 | 13730 736.9 1.2 11.3 b-2
38 1700 43.0 | 7.63| 3235 76.1(124.0| 20.6| 4820 837 14.2 b-2
39 1000 28.3 18.07 670. 1.5| 36.6 2.6 264.4 | 1447 13.8 b-2
40 1500 39.0 | 7.62| 8750 281 300 148 14304 683.4 13.3 b-2
41 2000 36.0 | 7.51| 7152 177.6 | 288 159.9 | 11963 603.5 35.3 b-2
42 1300 35.5 | 7.50 | 10600 372.4 | 400 252.3 | 18010 110.6 b-3
43 1231 28.4 | 7.29 | 12000 232 419 467 14900 1337 b-1
44 1231 26.1 | 7.35| 12000 224 436 465 14800 1244 b-1
45 1421 24.7 | 7.35| 12070 230 445 483 14700 1109 b-1
46 1500 31.5 | 7.57| 9885 500 309 363 16510 226 b-1
47 1300 28.0 | 7.53| 7770 1271 34.7 | 125.0 | 14750 65.3 b-1
48 1340 31.2 | 7.61 | 12200 320 410 351 20170 817 b-1
49 1304 29.5 | 7.52 | 12125 336.7 | 416 356 19850 817 b-1
50 1000 25.0 | 7.30 | 7100 76.3 | 237 131.5 | 11360 680 b-1
51 2000 29.4 18.72 691 4.4 17.4 1.6 568 818.6 8.4 b-1
52 1400 25.6 |8.49| 1192 55.6 | 17.4 5.8 | 2601 207 b-1
53 1000 25.1 18.33 526 4.3 18.4 4.2 191.0 | 870 b-1

a. Sites of hot springs are shown in Fig. 1. b-1: quoted from the paper of Seki et al. (2004). b-2 : measured
by Hot Spring Research Center. b-3 : measured by Nagano Pharmaceutical Association.

a. BERFTOBATIE 1IRT. b-1: BES (2004) O LD 5. b-2: HRERIFRATIE. b-3 : EEFESEAImNIE.
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Table 2 Hot springs deeper than 1,000 m under the Osaka Plains?
x 2 KREFOHT 1,000m L EOKEERR

Site Depth | Temp. pH Cations (mg/1) Anions (mg/1l) HBO,

number” | (m) (C) Na~ | Ca** | K* | Mg | ClI° | HCO, | CcOp | (mg/i)
1 1200 34 7.05 206.2 41.5 3.5 2.4 205.9 337.2 0.3 8
2 1200 28.3 8.4 128.2 9.4 2.3 2.4 25.2 297.2 5.7 4.3
3 1500 42 9.12 336.1 1.0 1.2 14.6 642.8 64.2 22.9
4 1000 29.7 7.6 1985 751.1 18.8 14.9 4432 49.4 33.3
5 1000 27.2 7.21 3598 93.2 54.3 97.8 5638 710.2 0.9 41.6
6 1005 37.5 6.6 12050 545.7 | 461.8 350.9 | 19390 3146 0.9 702.8
7 1000 34.3 6.72 1043 219.6 56.4 77.1 2005 563.2 0.2 21.9
8 1005 31 7.4 1279 169.3 64.1 137.5 4195 627.3 1.2 221.3
9 1300 39.8 6.85 | 10996 605 112.2 724.2 | 19226 1838 0.6 404 .2
10 1200 37.5 7.36 705.8 80.8 15.7 54.9 1085 575.4 0.9 40.5
11 1273 24.8 10.14 75.2 1.6 1.8 0.2 7.7 47.8 49.8
12 1400 37 7.35 458.6 55.0 12.1 17.4 609.5 469.8 73.6
13 1206 40.7 7.76 659.6 536.4 6.5 2.4 1905 185.7 0.8 0.09
14 1500 31.1 8.68 172.2 4.1 0.5 0.4 6.1 425.6 15.6 5.
15 1500 53.7 7.01 6084 1312 81.8 247.4 | 11733 146.4 81.4
16 1000 37.7 8.12 76.5 4.5 1.5 2.7 10.8 200.7 2.1
17 1500 47.6 7.09 2350 457.8 67.8 186.4 5042 227.6 161.5
18 1000 48.2 8.11 131.2 5.3 2.6 0.5 5.0 350.9 3.0 0.4
19 1000 39.2 7.86 118.2 9.2 3.5 3.5 10.6 352.7 1.8 1.1
20 1013 46.8 8 95.6 3.0 2.4 0.7 21.3 233.1 1.8 1.0
21 1500 54.5 7.21 7880 728.7 | 111 219.6 | 13740 956.1 0.9 644 .7
22 1000 37.8 8.2 63.7 1.8 1.7 0.7 2.0 175.7 2.4
23 1003 41.8 7.2 1883 321.6 88.8 134.5 3804 276.4 0.3 66.0
24 1075 44.6 7.4 2274 375.5 63.7 104.6 4403 260.5 0.6 32.2
25 1271 46.4 7.47 1100 431.9 25.1 62.0 2626 160.8 0.4 1.1
26 1500 53.9 7.2 6364 171.1 84.1 136.6 9707 1608 1.8 106.5
27 1200 46.7 8 186.0 5.4 3.3 1.5 132.2 295.3 2.2
28 1300 48 8.2 118.9 2.5 2.7 0.5 17.1 292.9 3.6
29 1300 53.4 7.1 3430 606 69.2 113.3 6677 224.5 42.1
30 1001 40.6 8.06 69.1 2.0 2.1 0.1 1.2 182.7 1.3 0.2
31 1200 50.4 7.1 3021 1089 84.1 231.3 7423 142.8 10.9
32 1214 43.9 8.12 713.1 47.0 7.7 1.2 826.9 662.6 3.9 2.3
33 1300 445 8.18 167.2 11.3 3.2 1.6 164.5 209.1 1.3
34 1000 48.5 7.8 1547 577.1 47.2 94.6 3074 124.5 1.6
35 1200 45.1 7.6 651.9 172.9 11.0 22.8 1270 217.8 .6 6.6
36 1000 48.2 7.5 661 131.1 22.0 16.8 1160 283.7 0.6 2.2
37 1406 52.5 7 6256 4304 732.7 518.5 | 19370 120.3 144.8
38 1003 47 7.55 751.6 210.2 12.1 27.2 1440 292.1 0.7 1.4
39 1090 51.2 6.8 1501 452 59.7 66.7 3174 302.5 0.1 13.7
40 1200 45.6 8.1 312.2 23.0 73.1 3.8 385.7 358.2 3.6
41 1000 40.3 7.45 2586 1103 163.8 158 6488 127.5 0.3 51.3
42 1300 42.2 7.15 779.4 124.0 23.1 46.1 1363 437.5 0.5 1.0
43 1000 35 6.3 11290 2589 163.0 | 1348 25700 906.7 302.7
44 1200 29.9 7.52 3500 1323 30.0 202.8 8338 165.7 0.4 154.1
45 1205 28.3 8.2 355.4 5.2 3.2 4.5 112.8 768.5 9.0 0.4
46 1300 36.7 8.21 69.0 6.4 6.2 0.7 16.0 177.6 2.4 0.8
47 1000 30 7.5 461.2 37.3 13.3 11.1 548.5 459.5 1.1 45.6
48 1000 30.5 6.8 92.3 12.1 2.9 4.3 61.0 214.2 13.3
49 1501 40.4 7.01 1654 183.6 15.2 4.4 2534 636.4 0.3 238.4
50 1000 34.6 8.1 1473 3.1 13.1 1.8 733.8 | 2662 18.4 139.0
51 1300 37.8 7.95 932.7 50.5 65.4 16.8 164.0 | 2472 10.1 71.4

a. quoted from the report of Oyama et al. (1999). b. Sites of hot springs are shown in Fig. 2.
a. RS ofEE (1999) L0 5[H. b, HRREATOEHTIEN 2 IT/RT.
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Table 3 Hot springs deeper than 1,000 m under the Ishikari Plains
X 3 ANFEHFOHT 1,000m L EDOKRERR
Site Depth | Temp. | pH Cations (mg//) Anions (mg/I) HBO, | Remarks®
number?® | (m) (C) Na Ca2* K | Mg al HCOs | COy (mg/l)
1 1100 44.6 | 7.13 | 20737 2268 617.2 | 335.1| 37378 206 0.1 b-1
2 1002 41.9 | 7.12] 17617 1382 582.8 | 261.5 | 30756 212 0.1 b-1
3 1002 31.5 | 7.74| 4385 68.5| 98.2|131.6 | 7139 671.1 0.7 135.4 b-1, b-2
4 1003 31.2 | 7.41] 11074 97.71240.5| 75.2 | 16794 531 0.2 | 355.4 b-1, b-2
5 1000 31.7 | 7.58 | 7507 193.5 | 174.3 | 197.9 | 12519 293.5 126.6 b-1, b-2
6 1000 30.5 | 7.45| 5288 104.5| 84.2|224.8| 8823 419.1 0.2 39.8 b-1, b-2
7 1000 36.4 8.2 72.8 9.9 6.4 2.9 54.6 | 133.2 0.6 b-2
8 1300 32.7 | 7.59 | 2444 43.2| 97.5| 36 3020 1790 1.0 25.1 b-1, b-2
9 1000 33.0 | 7.3 4366 235.9 | 157.8 | 230.3 | 7247 248.2 46.2 b-2
10 1200 31.2 | 7.67| 2841 75.6 | 102.3 | 94.5| 4686 307.1 62.6 b-1, b-2
11 1203 26.5 | 7.80| 3103 212.5(103.7 | 107 5292 305.3 0.3 50.1 b-1, b-2
12 1200 22.5 | 7.64| 4219 244 176.2 | 336.4 | 7569 174.9 0.3 27.4 b-1, b-2
13 1000 13.8 | 7.63 807.8 48.8 | 40.2 | 49.2| 1410 262.3 1.1 28.8 b-1, b-2
14 1000 36.6 | 7.5 4268 250.6 | 105.8 | 246.1 | 8066 219.1 139.4 b-2
15 1200 34.2 | 7.7 1556 46.5 | 48.2| 49.4| 2502 353.4 28.2 b-2
16 1500 31.1 | 7.4 5642 206.9 | 124.5| 311.4 | 9950 284 53.4 b-2
17 1000 22.1 | 7.86| 6763 332.9| 75.5|207.7| 11523 342.1 122.9 b-1, b-2
18 1802 33.9 | 7.3 | 12110 907.5 | 419.6 | 399.5 | 20970 321.1 47.5 b-2
19 1802 22.3 | 7.31|10393 702 392.1336.1| 17898 249 b-1
20 1500 13.8 |8.62 | 1502 27 55.3 9.3 ] 2104 580 5.2 b-1
21 1500 35.4 | 7.88 865 21.8 1 29.4 5.1 804 1109 3.4 20.8 b-1, b-2
22 1500 45.8 | 7.34| 9585 89.0 | 353.4 | 69.0 | 14966 961 0.1 23.8 b-1, b-2
23 1508 43.3 | 7.29| 7127 165.9 | 267.6 | 26.4 | 10969 1087.8 1.4 57.6 b-1, b-2
24 1000 27.5 |8.26 519 18.6 | 19.2 2.1 501 586.5 0.1 16.8 b-1, b-2
25 1000 34.2 |8.18 389 5 14.0 0 90 905 7.1 b-1
26 1150 31.4 |8.30 958.3 72.8 | 17.1 3.0 | 1497 201.9 0.6 24.4 b-1, b-2
27 1096 25.1 | 8.7 98.0 0.2 3.9 0.3 11.0 | 166.9 4.4 b-2
28 1000 38.6 |8.44 256.1 1.2 12.4 0.1 116.4 | 454.9 2.4 4.8 b-1, b-2
29 1500 48.3 | 7.69 | 9488 278.1 | 175.7 | 23.1 | 15441 96 0.1 356 b-1, b-2
30 1303 17.1 |8.37 566 0 14.6 0 105 1230 14.2 b-1
31 1500 15.6 | 7.96 300.5 45.3 9.9 18.7 537.7| 120.3 0.3 21.9 b-1, b-2
32 1300 28.3 |8.75 55.2 0.8 3.3 0 15.6 | 108.2 3.7 1.1 b-1, b-2
33 1500 40.7 |8.22| 1303 134.2 | 11.7 1.5 ] 2046 74.2 0.4 78.8 b-1, b-2
34 1300 28.7 |8.87 97.6 1.3 5.3 0.6 13.9| 213.3 3.2 15.2 b-1, b-2
35 1501 44.5 | 8.4 1196 174.3 | 13.5 0.7 1930 207.1 25.3 b-2
36 1601 27.0 | 7.90| 3420 501.4 | 70.6 3.7 | 6060 345.8 0.7 28.6 b-1, b-2
37 1554 39.4 |8.2 1307 174.7 | 23.0 3.9 | 2068 486.5 19.7 b-2
38 2000 46.2 | 7.7 5222 830.6 | 68.9 9.1 | 9573 34.0 35.6 b-2
39 1800 26.9 [9.16| 1092 139.8 | 16.6 4.1 1828 245.1 | 30.8 19.7 b-1, b-2
40 1300 19.1 |8.81 267.7 4.0 8.3 0.6 239.3| 312 21.4 17.5 b-1, b-2

a. Sites of hot springs are shown in Fig. 3. b-1: quoted from the paper of Shibata et al. (2004). b-2 : quoted
from the paper of Uchino et al. (2005).
a. FIRRFTOBFEK 3 I1T/RY. b-l: 5EHS (2000 O@mX L5, b2: NES (2005) Dm0,
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Table 4 Hot springs deeper than 1,000 m under the Ise-Shima-Suzuka districts®
x4 Y EEFE - HEHHOMT 1,000m LLEOKRERR

Site Depth | Temp. | pH Cations (mg/1) Anions (mg/l) HBO,

number” | (m) (C) Na® | ca® | K* | Mg | < | mHCO, | cop | (me/D)
1 1300 26.9 8.7 83.8 1.4 1.1 29.2 154.4 5.9 2.6
2 1300 46.5 8.5 120.8 4 1.7 0.2 60.8 230.6 5.4 2.6
3 1200 40.5 8.6 161.9 5.7 1.7 0.1 109.2 232 7 3.8
4 1400 48.2 8.5 165.8 5.1 1.8 0.2 30.8 391.7 7.5 1.5
5 1200 45 .4 8.9 85.4 1.6 0.9 9.5 184.6 11.1 0.5
6 1300 46.8 8.6 135.6 4.2 1.5 9.5 327.9 9.9 1.3
7 1200 50.8 8.5 160.3 5.2 1.8 16.3 386.8 9.3 1.3
8 1200 39.1 8.5 113.1 4.6 1.1 6.2 281.2 6.7 0.3
9 1200 42.9 8.4 165 3.5 1.5 0.2 20.2 385.8 7.3 1.7
10 1200 45.5 8.6 89.5 0.9 4.5 219.1 8.4 0.8
11 1200 48.2 8.8 115.1 4.6 1.9 35.2 258.2 12.3 1.1
12 1205 46.4 8.6 153.6 4.8 1.4 14.6 365 11 1.1
13 1200 34 7.6 53 5.6 8.7 2.1 5.7 152.4 0.3
14 1500 39.5 8.2 291.9 12 3.6 1.3 231.6 395.4 4.8 12.8
15 1400 48 8.1 171.6 2.2 2.1 0.2 38.4 375.3 3.6 5.7
16 1300 50.6 8.4 329.5 8.4 3.6 0.5 191.3 527.7 10 5.1
17 1200 31 7.4 1370 162.4 15.9 25.2 | 2460 187.9 0.3 8.1
18 1200 30.1 8 3738 2.3 10.7 6.1 | 2289 5670 27 216.4
19 1400 40 8.3 363.6 7.1 2.3 1 373.3 303.3 4.5 15.9
20 1300 44.5 8.3 179.8 3.2 1.6 0.1 47.8 380 5.7 2.7
21 1300 35.7 7 2927 54.8 121.8 13.9 | 3160 2709 0.9 236.9
22 1500 30.9 9.2 134.9 3.3 3.5 132.9 46.4 5.4 23.7
23 1500 28.7 8.8 197.2 10.3 1.9 2.1 227.2 140.9 8.4 7.4
24 1700 35.3 8 683.1 2.6 7.5 1.6 357.1 1115 10.5 49.8
25 1489 52 8.2 868.3 51.9 11.6 8.7 | 1332 189.8 1.8 9.9
26 1000 35.6 8.4 107.1 2.2 1 0.2 83.2 142.2 2.7 6.3
27 1000 29 9.8 49.5 1.2 0.5 2.5 61.6 29.1 2.7
28 1200 28.5 9.3 255.6 0.8 1.4 5 519.9 49.9 30.4
29 1800 29.5 9.6 53.6 3.2 1.7 1 3 79.9 24 3.2
30 1000 38.7 8.4 276.9 15.3 2.2 1.3 315.5 285.2 5.9 40.3
31 1200 29.4 8.6 216 4.2 1.1 228.1 117.8 3.6 73.9
32 1300 38.5 9.1 203.1 3.6 1.8 0.1 267.9 12.2 1.2 65
33 1200 25.1 8.4 1058 5.9 5.2 2.7 1197 664.5 12.6 71.9
34 1000 28 8.6 341 2.1 3.7 1.3 94.8 665.3 24.9 69.8
35 1101 29.5 8.5 538.5 85.9 2.3 0.8 929.6 29.9 0.7 100.2
36 1500 28.6 8.5 491.5 73.2 3.5 0.7 813.6 106.2 3.3 50.9
37 1425 22.1 9.7 | 4620 1.1 81.5 0.2 6740 226.4 107.1 151.6
38 1500 30.3 8.8 504.6 5.7 5.6 1.3 431.2 502.8 18.9 87.2
39 1907 28.6 8.9 254 2.8 1.9 0.2 52.8 465.4 28 67.4
40 2000 40.5 6.8 228 15.5 8.1 21.9 181.8 624.8 0.3 17.3
41 1500 36.4 8.8 359.2 1.2 3.3 216.7 423.5 20.1 69.6
42 1500 27.7 9 124.3 13.6 2.7 6.9 108.1 130.6 12.3 30.2
43 1800 38.1 8 5.6 11.3 1.1 4.5 8.4 36.6 0.6 3.6
44 1710 19.4 9.3 324.3 6.9 3.8 0.3 395.2 69.6 48
45 1500 31.5 8.1 887.5 | 469.2 7 1.4 2148 50.6 0.5 1.1
46 1500 34.2 7.1 193.9 5 1.9 2.7 75.2 370.4 0.3 10.4
47 1800 27.3 8.8 174.1 1.6 1.4 8.4 385.6 18.4 3.8
48 1500 40.6 7.9 223.3 24.5 1.3 5 195.1 322.5 1.9 7.4
49 1300 31.7 8 1909 497.5 11.2 25.3 3873 59.2 0.3 1.3
50 1500 42.8 7.4 | 2197 86.6 17.2 18.1 3117 927.5 0.9 57.8
51 1500 40.6 7.8 1116 97.7 7.7 12 1804 261.2 4.2 17.1
52 1500 34 8.7 408 3.9 6.1 1.5 42.5 928.7 40.2 3
53 1000 23.3 8.8 360.3 7.6 3.5 2.5 281.8 452.1 26.4 3.6

a. Contents of hot springs were measured by Mie Prefectural Science and Technology Promotion Center.
b. Sites of hot springs are shown in Fig. 4.
a. RO E ZEBERPEEHREL 2 ~ 4 — CHIE. b, SilEFTOEHAT IR 4 1ITRT.
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Fig. 5 Relation of val ratio of (HCO;~ +COs?") ions to
val ratio of ClI™ ions in hot springs in the five ar-
eas (the Kanto Plains, Osaka Plains, Ishikari Plains,
Nobi Plains, and Ise-Shima-Suzuka Districts).

B 5 5Hug (BAEFEE, KIRTFE, AFFEEH, BE
EHFLLURY - BE - BEMS) OERFO
(HCO;” +COs*7) A F v DN &EClm 4 F
DINIVEEE DR
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Fig. 6 Val ratios of (HCO;  +CQ4°") ions and CI~ ions
against concentration (mval//) of total cations in
hot springs in the five areas (the Kanto Plains,
Osaka Plains, Ishikari Plains, Nobi Plains, and
Ise-Shima-Suzuka Districts). Concentration of to-
tal cations is expressed by a logarithmic scale.
O : (HCO; +CO4 ") ions, @ : Cl~ ions.

6 b5iiE (BARTFE, KRTFEEH, ANTEEH ERE
EHELVEFES - EE - HEMA) OERTO
(HCO; +COs*) A A VB LUCI 41 F DN
WEEEEhFF U DORE (mval/l) & DR
A F A v OREEIFHERcER O (HCOs
+CO2) 44, @:Cl 44 v,
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Fig. 7 Concentration (mval//) of (HCO; +CQs?") ions Lo - e -
and ClI~ ions against concentration (mval//) of SRERBUKFIIRTH D, RV & S IR
total cations in hot springs in the five areas (the L1785, ZTZTRL Log (Cation, mval/l)
Kanto Plains, Osaka Plains, Ishikari Plains, Nobi 125 LI T HCOy A 4 v OEEMSIFIF—
Plains, and Ise-Shima-Suzuka Districts). O :

Log(Cation, mval/I)

(HCO; +COs*7), @ : Cl-, —— : concentration JEIT TS B R 3.3 Hi CHlan 4 5.
of HCOs~ calculated by a model of the equilib- 3.1.3 #EitA F+ DO HEX
flum reaction of Gat0: ALY 4 > (C1) OUMEEE SV Heh3 2/3 1)

X 7 5l (BARES, KRFH, ATTEE, B .
BT, FH - 5 - SEMNS) G;I;E;iq:g O, 1/3-2/3 (D, 1/3LUTF (A) hHid

(HCO;™+C0) A4 YBEUCL A 4 Y DR TEEO N AR L 2. BISSEE, KECE

T oD £87 7S SRE D 0. s, (195 - A1

CaCO; DEHIKIGE F Vi kv itE s hiz zhENX 1-41T7x9. Cl- D/xuts 2/3 LU

HCO; DipE, T oOEBEE Y4 A4 v O AR TR,

Bl Lk 97 =4 vidEic Cl- & HCO;

MEK->TVWADT, INHDXIFHCO; oK Tdd 5. BEEE (KD, KiEE (X 2),

ARPEE (X3), R (B (2005) OicBir 5K 3] B80T, SREERI+ v D
ek (REERAEID 372 0 IEVFEIC A L TVv B

BALYIA A v OEEEREIE, FrEE =L ME ORI R o hTw b, =R LETO
A I3IE (R <, RIKBERIE I Th 5 (ERFE, KPCEH B & OHE - L - 8
FEHG 22 08). IRET TR N2 & 5 IR LAk & 2 o2 &g, BEEE, KBCE
T, ARPER S X EESEF O LEBIE S 1,000m DL EOHRE» 5155 TH D, O oM
KMEALAD LR TR b0 EEbNG, oI, BIRNE, RECFEPEEFEIIEESICK -
THFENIHEREEREICS - Th 0, {bamKEEMELEICHELET 5 2 EHRE, — it
RNEERRORRIS R LR A 4 v 02 VIRFKFEIER S LGk EIC X 23ELR & ORAI
kBEEZONG. FHPICBVTOERIZ T TIRE L, RBKZEER 1 EEZORSEN
Ronzold, REBKEERICEZERE ICZEANEI -TVWEDTHA .

RETB B D ZEREH 200 m D F/KIC 3O Rk b dH 0, ZDHIC Cl™ 4 4 v DEREDK
200mg/l & HEEHIE OGO KAFEE L TV 3 GBS, 1980). C ok, FEA (Kuma-
gaya) »SHEUCHT TIER 10km TE 4 80km Ol WHBE I/ L TW 3. T O/fmfEE I
BETRSEEIC B 1 2 KIFEREEE YR o sl (X 1 oS © 1/3HETH 5. FREER 200m T,
PRIBIK AR DI T 7KIT & 2 AWK D BB ENTHE C - 7o 72D, A Aslsis KIS LR D fR
LD b/NESL B ottcbEEZOLNS.
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Table 5 B/Cl mol ratios in NaCl hot springs from deep wells
k5 KEEE(YRICHITS B/ClEILE

Kanto Plains Osaka Plains Ishikari Plains Nobi Plains Ise-Shima-Suzuka
Districts
Number? 21 31 26 20 16
B/Cl 0.00390.006  0.004120.006  0.00240.002  0.0018-20.002 0.015+0.02

ratios

a. Number of hot springs, where the val ratios of Cl ions are larger than 2/3.
a. Cl A4 o 2/3 0l ETh 2IRREDHK.

3.1.4 B/ClithBHRE LIZIER DR

BRPORYFE B) PER (CD MEFRKIGES KOO T, MEDEEOLL (Evth) 2E0, £
DfEin SIEFOEFEAHEES 5 ikhid 5 (Ellis + Mahon, 1977 ; 7E8f, 1992 ; KR, 1996). B/Cl
VA 1-0.1, 0.1-0.01, 0.01 I Th 3 &, HEROLFE L TR SR, KILE
Hik, #KkEkE S Tws, FEOHEKDEGE B/CLHIZ 0.0007 Th 5. K 5 ICKEEIRLYR
BB B/ClLENLERT. C2TT7=4 D Cl O VD 2/3PIED &0 AR E L
fo. [EHEMED & % B/ClELDOEARD B 701213 % DI ROEAERN T 2 468 08H 5. R
EA LB o8& B/ClLILOEREFRE S S ORT. 4P BIHEE, KBCEE, f5F
L, BEEEE) o, HEEREEEZEELTH00ILUTNTHD, ThoDEHFIck T 2HEE R
KeREEDLN S, 58, RRFHOIEKILHERRICE W TERSEEBE OYS, B/ClLEHA 0.01-
0.02 %2 & 28EMd O (EEE, 1999), SlEID X 54 31 » RO ZH O KEEEYIRICE T 5
BEydHETFEWEEE>TWS, —F, - EE - T © B/CLHIE 0.015£0.02 & 75D
001 ZHA TVWBDT, HKHEROTEEE S H 50, ThlADTEEELEEN TV S,
BERSEHOMERICE O CHB/KOFEZIT 100m £ TOMT/KIZBRE SN 555 HITF 1,000m
DI b R RIC 3Bk 02813 4 < 73w (FiR, 2005). [ARk7S C & idfhoilsic s nwT b7
Mahs0T, 4 FEHOREERROER IR TR, {bamkdkE Bbn s, HEROER
momfm,k%ﬁﬁ%&ﬁ£®mﬁﬁﬁé®%@ﬁ&?¢#ﬁ’m%%mﬁﬁﬁﬁé.Lmb
HROEEA B/ClLELZ U » offEafld 2 C L@k woT, 4%, &SilEfidairEFicks
FLOFENEENS.

3.2 WFAVDELAEAF VEBEILXT DIKkENR

5 sk (BESEEY, KECEE, AFRFFE, REEE, 8 - B - D) 1[2h 10 2 KiREEIEK
PERRF D Na® (O), Ca*" (@), Mg> (A) 4 4 v DLh 54 v iEBERFEEEZX S ITRd. 14
¥ DIEREH 0.01 mval/l LI N OEE, MEMIC Log (Ton, mval/D)=—2 & LTHb L7, Na™ i34
HF A VORTOEEEBTERER I FA v THY, TOEEREH F A4 VIEEOHEINTR LTI
BL NG 2. #t-T, EROREIZFELTNaHCO; A NaCl iR TH B T Ehibh b, Ca?t
BehF A4 VERE L cind 5. 2D &1, Log (Cation, mval/l) #31.25 L) T HCO,™ &R
PIFIFE—EITBOEMAIHI SN S C EICBE#E LTV S, Mg? EE RS F 4 ViIBE o & I
ITHEINS 245, Na' 2 Ca" 1T~ TEE L.

5 HRIC B 1 2 KIEERIR O pH O&h F 4 VIBERFEE 2K 9 1R e, 2fEEE & LT,
EHFA VEENECEZZIT A VTS B0, BB RIS, ThidehF4 vig
JEMENE Z R TIA YD NaHCO3 R TH 505, 1B 755 ko NaCl R 5720 TH 5.
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Fig. 8 Concentration (mval//) of Na*, Ca’", and Mg**
ions against concentration (mval//) of total cations
in hot springs in the five areas (the Kanto Plains,
Osaka Plains, Ishikari Plains, Nobi Plains, and Ise-
Shima-Suzuka Districts). O : Na®, @ : Ca?*, A :
Mg®".
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Fig. 9 Dependence of pH on concentration (mval//) of
total cations in hot springs in the five areas (the
Kanto Plains, Osaka Plains, Ishikari Plains, Nobi
Plains, and Ise-Shima-Suzuka Districts).
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TWa,

3.3 FRERIKZRA A v OEMNINHIHEE

TR Uiz k D IR b A 4 v (Fic
HCO; &#wb&Ed CO;7) 13, Log (Cation,
mval/D) 739 1.25 PI_Eic7s 2 EsEinas gk
SN, BIEEICES. COFEKNELTRD
SEATREDSERAL L TW B E D o RrEtd 5.

Ca’* +HCO; =CaCOs(solid) +H* (1)
INISEEIRIBIC b 2354, PHER K
3R TEbEIN .

K=a(H")/{a(Ca*") - a(HCO; )} (2)
CaCO; B[R DT a (CaCOy =1 & L 1z,
a [JIERTIEE & JIROBRD S 5.

a=C-7y (3)

C BB (mol/D), v 3IEEZKTH 3. 713
SRR AR F A AR Ruc X - THE
3% (Barrow, 2003).
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Fig. 10 Ratio of activities [a(H")/{a(Ca?") - a(HCO; )}]
against concentration (mval//) of total cations in hot
springs from deep wells and well water from shal-
low wells in the five areas (the Kanto Plains, Osaka
Plains, Ishikari Plains, Nobi Plains, and Ise-Shima-
Suzuka Districts). @ : hot springs, < : well water in
the Kanto Plains, /\ : well water in the Osaka Plains,
[]: well water in the Ishikari Plains, * : well water
in the Nobi Plains, O : well water in the Ise-Shima-
Suzuka Districts.
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