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The Secular Change of Non-volcanic Hot Springs from
Deep Wells in the Kanto, Osaka, Ishikari, Nobi Plains
and the Ise-Shima-Suzuka Districts
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Eiji Ucamo® and Yasuo Kanrojr”

Abstract

The secular change on discharge rate, supplied temperature, concentrations of total
cations (Na*, K*, Ca**, Mg**), Cl°, HCO;™ (including CO+") and SO, has been studied in 76
non-volcanic hot springs of deep wells ranging from 1,000 to 2,000m in depth, located in the
five areas of the Kanto Plains, the Osaka Plains, the Ishikari Plains, the Nobi Plains, and the
Ise-Shima-Suzuka Districts. The secular changes of the relative amounts of each property
in 10 years have been classified into three types : decrease (the relative change in 10 years,
<0.8 ), approximately constant (the relative change in 10 years, 0.8<, <1.2 ), and increase
(the relative change in 10 years, 1.2<). The fraction (%) of the number of hot springs in total
hot springs, corresponding to the three types, is as follows. The relative changes in 10
years of supplied temperature and concentrations of total cations, Cl°, and HCO;™ (including
CO4*") are approximately constant in 60-70% of hot springs, indicating that these properties
of hot springs do not change drastically in 10 years. The discharge rate is approximately
constant in 47 % of hot spring, while it decreases in 41% of hot springs. The concentration
of SO decreases in 88% of hot springs, indicating that SO.*~ decreases rapidly in 10 years
in most of hot springs. Temperature of hot springs decreases 3.6C on average in 10 years.
The decrease of SO/ has been discussed in details. SO.*~ decreases by a reduction reaction
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in the underground layer at deep depth. The half-life of the decrease of SO concentration
is 5.2-6.5 years in the discharged hot springs, whereas the half-life is longer than 1,100 years
in the stable hot springs without discharge. The reaction of sulfate ions in the hot springs
has been discussed as a diffusion-controlled reaction. The diffusion of the ions is promoted
by the discharge of hot springs, resulting in the rapid decrease of SO/".

Key words : Non-volcanic hot springs from deep wells, Secular change of hot springs, Sulfate
ions, Solute change promoted by discharge, Diffusion-controlled reaction,
Immobile water without diffusion
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2. THREHER
Tables 1~5 (2 Z N ENBRCFEF (145 51), KBCPEF (127 5), A8PE (137 97), P
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DRAFEZEALDT =% 2R . FlRORELLDOT — 5 ZINET LB, Kt OB HII L T

Table 1 The secular change of non-volcanic hot springs from deep wells under the Kanto Plains.
£ 1 EAEFHFOHT 1,000m U EOKEELERDEFELEL.

. Depth (]3:7):; ckglfée Te”mp . Cations (mval/L) Anions (mval/L) HBO,
™| monty | Rate | (O Na' | C&' | K | Mg | Towl | o |mHCO: | coé | s0i | Tota | ™
(L/min) g otal 3 3 B otal
K1 1700 | 1997.1 270 430 | 763 | 140.7 380 | 317 170 | 1494 | 136.0 13.72 0.037 | 1497 142
2008.2 230 451 | 770 | 124.2 430 | 315 085 | 1325 | 1241 1476 | 006 |0.029 | 1389 156
K2 2000 | 1987.2 333 365 |80 |3282 | 1088 |509 |1079 | 3550 | 351.8 1047 0.34 362.6 458
1994.8 275 360 | 751 | 3111 886 | 737 | 1316 | 3405 | 3375 9.89 0.0042 | 3474 353
20074 69.4 36.1 | 780 | 3439 893 | 711 1089 | 370.8 | 365.0 1028 | 004 | 00021 | 375.3 345
K3 1500 | 1994.10 390 | 7623806 |14.02 |767 |1218 |4145 |4035 11.20 0.22 4149 133
2006.3 312 |82 7843 | 229 | 157 228 84.6 58.84 2723 | 059 |0.0021 | 86.7 7.2
K4 1500 | 2004.11 450 480 |75 | 4585 | 7470 | 447 | 5481 |5924 | 587.0 304 0.075 | 590.1 36.7
2007.10 355 |72 | 4572 |5968 |28l |5144 |571.1 |5788 322 582.1 61.7
K5 1350 | 1994.6 175 413 | 803 | 2001 | 286 |0.13 0.16 232 19.21 550 0.24 250 105
2007.12 170 387 |81 2880 | 277 |023 0.20 320 20.21 1066 | 040 |0.0021 | 313 405
K6 1500 | 2007.3 3278 | 1055 | 689 | 1182 |357.0 | 3337 10.89 0.0062 | 344.6 84
2009.1 732 | 3384 |1030 |684 | 1070 | 3663 | 346.1 10.98 357.1 84
K7 1600 | 2002.7 240 376 |76 |357.7 | 1320 |664 |1315 |390.7 | 3873 12.06 0.0021 | 399.4 11.3
2004.12 3680 | 1248 | 709 | 1726 |4049 | 3918 11.65 0.11 403.6 125
K8 1300 | 19985 428 | 739 | 2088 | 1341 | 112 |1239 |2357 | 230.0 588 | 001 |0031 |236.0 786
2007.10 432 | 740 | 2437 | 1680 | 100 | 1442 |2759 |276.7 417 0.0021 | 280.8 822
K9 1500 | 1997.8 1200 477 | 737 | 3367 | 1806 | 199 |1637 |3731 | 3588 395 0033 | 3628 1382
2006.10 439 |74 |3239 | 1730 |200 | 1500 | 3582 | 362.5 624 | 001 | 00021 | 368.7 178.6
2007.10 463 |74 | 3251 | 1739 | 054 | 1541 | 3585 | 365.0 6.04 371.0 1945
K10 | 1200 | 1988 126 229 190 6.05 | 0240 | 0.069 | 0.074 643 0.496 550 0.052 6.045 46
19932 284 341 | 837 457 | 0030 | 0.077 | 0.008 468 0.364 393 0.104 440 31
2008.12 480 333 |92 435 | 0035|0056 | 0.041 449 0.310 3.30 | 0803 | 0.042 445 34
K11 | 1202 | 1995.10 100 273 | 795 | 1922 889 | 205 112 | 2042 | 1973 275 200.0 62
2007.8 58.3 218 | 780 | 2148 | 1192 |243 040 | 2295 | 2256 214 | 001 |00021 | 2278 71.1
K12 | 1500 | 1998.10 | 2250 573 | 755 | 2789 |2192 | 137 418 | 3064 | 3114 1.88 0025 | 3133 1285
2008.2 1000 570 | 790 | 2853 | 2154 | 1.02 413 | 3120 | 3117 195 | 001 |0.048 | 3137 1772
K13 | 1200 | 1979.8 162 384 |86 | 1348 775 1101 273 1463 | 1593 277 | 018 162.3 279
2008.12 13 8.0 7190 | 295 | 172 1.00 776 64.18 11.72 | 009 |0.0021 | 76.0 56.0
K14 | 1200 | 19988 400 457 | 756 | 292.7 729 | 194 999 | 3119 | 3126 440 | 001 00021 | 317.0 266.7
2007.10 440 |76 |2822 |1028 | 183 900 | 3033 | 306.1 439 0015 | 3105 282.2

Table 2 The secular change of non-volcanic hot springs from deep wells under the Osaka Plains.
% 2 KRFEFOHT 1,000m U EDOKEELERDEELEL.

- Depth (]3:7):; ck?alfée Te”mp o Cations (mval/L) Anions (mval/L) HBO,
M| month) |  Rate | (©) Na' | Ca* | K* | Mg* | Total | C | HCO: | CO | S0 | Total | ™V
(L/min) Mg otal 3 5 A otal
01 1645 | 1997.8 52.7 523 | 716 | 3585 796 | 242 184 | 3747 349.2 2991 0.07 3795 207.1
2003.8 270 |69 2824 6.73 | 2.34 120 | 2927 246.9 59.74 307.2
02 1205 | 1985.10 283 |82 1546 0.26 | 0.08 0.37 16.21 318 | 1259 0.30 16.20 04
2003.11 239 |78 15.22 020 | 0.086 | 0.24 15.75 332 | 1241 15.86
03 1090 | 1999.12 | 695 512 |68 65.29 | 2255 | 1.53 549 9566 | 8952 496 0.023 94.51 13.7
20039 482 |69 62.88 | 1929 | 1.67 6.67 90.61 89.42 456 0.003 94.08
04 1000 | 1991.8 280 485 |78 67.29 | 2880 | 1.21 7.78 | 105.7 103.6 204 0077 | 105.7 1.6
2003.11 429 |66 66.01 | 3290 | 1.01 819 | 1081 1094 233 1118
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Table 2 The secular change of non-volcanic hot springs from deep wells under the Osaka Plains (continued).

X2 ARFFOMT 1,000m U EDOKFEEROFEEL (FX).

o, Depth (Iy)'g;i C}Paf;ge Temp. o Cations (mval/L) Anions (mval/L) HBO,

™| monthy | Rate | (O Na' | i | K| Mg | Tol | o |HCO, | coi | soe | Tota |™#V
(L/min) a a g otal 3 3 B otal

05 | 1300 |1990.10 | 369 | 534 |71 |1492 | 3024 | 177 | 932 |1917 | 1883 | 368 1920 | 421
20039 485 |72 [9675 | 2484 |093 | 756 |130.1 | 1307 | 294 1338

06 | 1500 19993 | 270 | 476 |709 |1022 | 2284 | 173 |1534 | 1424 | 1422 | 373 0017 | 1462 | 1615
20039 | 210 | 415 |69 | 9953 | 2373 | 182 |1534 |1404 | 1384 | 346 0004 | 1420
07 | 1000 [19957 | 130 | 377 812 | 333| 022 |004 | 022 | 384| 030 | 329 | 007 | 012 378
20039 365 |80 310 | 020|006 | 015 | 351| 013| 330 0009 | 357

08 | 1000 |1980.11 | 380 | 392 |78 | 514 | 046 [009 | 029 | 630 | 030 | 578 | 006 623 | 11
20039 342 |79 658 | 067 |011 | 038 | 776| 045 | 689 787

09 | 1013 | 19909 | 499 | 468 |8 416 | 015 006 | 006 | 447 | 060 | 382 | 006 453 | 10
20039 403 |81 375| 013|005 | 011 | 404| 046 | 364 419

010 | 1500 | 19899 539 |72 |2768 | 854 [215 |1124 |3002 | 2738 | 2635 | 006 3002 | 1065
200310 429 |62 [2023 | 931 |206 |1134 |2250 | 2181 | 17.80 2362

O11 | 1005 19902 | 200 | 310 |74 [1035 | 845 |164 |1131 |1260 | 1155 | 1028 | 004 1258 | 2213
20039 274 |71 | 8631 | 664 |215 |1240 | 1076 | 1029 | 880 11138
012 | 1273 19916 | 508 | 248 |1014 | 327| 004 [005 | 002 | 344 | 022 | 078 | 166 332
200310 215 |93 292 | 005 | 001 298| 011 | 237 | 038 292

Table 3 The secular change of non-volcanic hot springs from deep wells under the Ishikari Plains.

x 3 AFTFHFO®HT 1,000m U EOXRERRDEELIL.

o, Depth (]3:3. cfg:;;e T%mp o Cations (mval/L) Anions (mval/L) HBO,

M | month) | Rate | (C) Na | G | K | Mg~ | Total | o | HCO | co# | s0& | Total | ™&V
(L/mm) g otal 3 3 4 otal

KL | 1200 |199211 | 110 | 42 |78 |4328 | 3081 | 206 | 3028 4959 | 5003 | 472 | 005 5051 | 1608

200612 | 106 | 200 |8 |1342 | 1049 | 084 | 933 | 1549 | 1580 | 477 | 044 1632 | 653

K2 | 1500 |19903 | 225 | 452 |74 |2726 | 1468 | 535 | 7.32 [3000 | 2868 | 1488 | 006 3017 | 405

19949 | 230 | 41 |76 |2720 | 888 | 531 | 1136 | 2976 | 2763 | 2539 | 016 3018 | 238

K3 | 1300 |1989.12 | 370 | 373 |76 | 7956 | 187 | 167 | 161 | 8470 | 5167 | 3359 | 021 8547 | 251

2009.11 218 |75 |2107 | 763 |1887 | 526 | 2425 | 2127 | 2046 | 010 2332 | 228
K4 | 1153 (19987 | 73 | 346 |82 | 1699 | 016 | 035 | 007 | 1757 | 304 | 1287 | 138 17.29
20078 | 255 | 374 |84 | 1769 | 017 | 035| 007 | 1829 | 317 | 1395 | 100 | 0008 | 1812

IK5 | 1000 19914 | 40 | 302 |79 |3525 | 1372 | 460 | 1775 | 3885 | 3839 | 439 | 005 3884 | 1266

200711 | 12 | 175 |76 |3462 | 1177 | 458 | 17.09 | 3796 | 3647 | 527 | 003 3700 | 16438

K6 | 1800 |1990.10 | 402 | 329 |73 |3079 | 2110 | 708 | 4569 |3818 | 3582 | 413 | 001 |2066 | 3830 | 274

20032 148 |83 | 5544 | 449 | 120 | 992 | 7106 | 6456 | 185 | 050 | 488 | 7180 | 30

K7 | 1800 19918 | 70 | 163 |79 | 2214 | 397 | 040 | 259 | 2010 | 2712 | 203 | 01l 2025 | 219

200512 | 100 | 152 |8 312 056 | 011| 035 | 415| 261 | 141 | 035 | 0012 | 438 | 29

K8 | 1800 |19954 | 152 | 432 |71 |5186 | 4744 | 1067 | 3026 [6070 | 5873 | 422 | 001 |1881 | 6103 | 428

20063 286 | 7454015 | 3233 | 815 | 2928 | 4713 | 4562 | 1029 | 006 | 1146 |4781 | 454

K9 | 1100 |19885 | 500 | 384 |79 | 352| 057 | 017 | 028 | 455 | 196 | 245 | 001 | 0092 | 451 | 77

20009 | 552 | 364 |82 | 317| 049 | 016 | 024 | 406 | 154 | 218 | 038 | 0187 | 429 | 06
TK10 | 1300 | 19839 205 |84 | 1494 | 040 | 028 | 010 | 1572 | 1088 | 465 | 024 1577
20047 214 |94 | 686 | 005 | 006| 001 | 699 | 161 | 230 | 277 | 012 | 6381

KI1 | 1505 (19949 | 455 | 37.1 |75 |1353 | 1671 | 165 | 116 1548 | 1456 | 1020 | 005 | 0087 | 1559 | 24

20064 | 512 | 362 |8 |1155 | 1073 | 140 | 110 | 1288 | 1078 | 1400 | 020 | 0824 | 1228 | 121

TKI2 | 1200 | 198511 | 300 | 403 |84 | 1604 | 2131 | 008 | 012 | 3755 | 3698 | 034 | 018 3750 | 103

20055 443 |84 | 804 | 509 | 002| 001 | 1316 | 1229 | 032 | 016 | 0649 | 1342 | 52

KI3 | 1502 | 19899 | 100 | 222 |78 | 7208 | 256 | 059 | 266 | 7788 | 6730 | 1082 | 011 7823 | 684

200311 | 40 | 178 |8 | 8212 | 363 | 077 | 356 | 9008 | 8262 | 840 | 06 9162 | 7938
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Table 4 The secular change of non-volcanic hot springs from deep wells under the Nobi Plains.
X 4 ERFEHFOHT 1,000m U EOKEEERDEEETE.

“ Depth (Iy):;leﬁ' C}?;;i;;e Tgmp. o Cations (mval/L) Anions (mval/L) HBO,
| monehy | Rate | (C) Na' | o | K | Mg | Total | c | HCOs | CO# | S0 | Tota |™EV
(L/min) a a g ota 3 3 i otal
NI | 1000 | 19956 104 226 | 031 012 | 010 | 304| 093] 200 0018 | 300 | 03
2005.7 413 231| 031 010 | 015 | 294| 089 | 193 285
N2 | 1300 |1997.00 | 52 | 251 |84 | 6351 | 6188 | 001 | 003 |1258 | 1204 | 055 | 002 |0025 | 1213
20046 | 297 | 255 |79 | 1811 | 1599 | 008 | 006 | 3430 | 3317 | 086 0019 | 3419 | 06
N3 | 1365 | 19765 | 1200 | 480 |72 | 9913 | 4321 | 099 | 1105 | 1552 | 1576 | 339 | 0002 1611 06
20075 | 1050 | 432 |71 | 9414 | 4748 | 159 | 1463 | 1589 | 1621 | 360 0060 | 1658 07
N4 | 1200 19929 | 500 | 506 |73 | 744 | 058|019 | 008 | 834| 403 | 452 |o01 861 | 12
20043 | 530 | 507 |75 | 731| 054|019 | 002 | 811| 389 | 454 | 002 851 | 10
N5 | 1200 19966 | 160 | d61 |72 |1222 | 918 | 132 | 254 |1361 | 1354 | 277 | o001 1384 | 144
200611 | 80 | 438 |75 |1105 | 709|090 | 200 |1212 | 1176 | 262 | 001 1205 | 194
N6 | 1350 19924 | 700 | 519 |74 | 1418 | 173 | 014 | 021 | 1647 | 1261 | 428 | 002 1694
20048 | 770 | 505 |76 | 1696| 319 | 016 | 053 | 2098 | 1692 | 465 | 003 2165 | 13
N7 | 1500 200011 | 150 | 361 |72 |1471 | 1145 | 045 | 2408 | 2874 | 2811 | 2.3 368 | 2873 30
200810 | 900 | 204 |73 |1442 | 1089 | 050 | 2609 | 2813 | 2640 | 239 172 | 2685
N8 | 1500 | 19961 | 190 | 45 |85 | 444| 023|010 | 010 | 688| 003 | 421 | 045 |019 494 | 41
200811 | 190 | 234 |87 | 465| 017|005 | 004 | 491| 016 | 418 | 030 |0010 | 477 | 44
N9 | 1200 19849 | 606 | 220 |91 | 155| o012 001 168 | 017 | o062 | 090 175
1994.1 224 147 | 008 156 | 011 | 061 | 097 | 0071 181
20037 | 15 | 228 |96 | 147 007 15| 010 | 093 | 060 | 0071 176
NIO | 1100 |1983.10 | 250 | 416 |75 | 566| 106|021 | 026 | 724| 722 | 166 892
199312 | 250 | 422 |75 | 761 | 152|019 | 028 | 967 807 820 | 26
200411 | 250 | 42 |75 | 709 130|021 | 028 | 900| 767 | 172 | 001 044 | 27
NI | 1000 | 19956 | 520 | 280 |82 | 2067 | 3987 | 009 | 002 | 6977 | 6770 | o021 | 006 |0075 | 6825
200412 | 280 | 260 |81 | 2058 | 4431 | 008 | 015 | 7435 | 7277 | 047 | 001 7345 | 04

N12 | 1301 | 199512 | 600 316 886 | 1231 008 | 017 002 | 12.58 047 | 1078 | 063 | 0.017 12.27 4.0
2008.12 | 390 308 |88 11.60 0.06 | 0.08 001 | 1175 027 | 1009 | 050 | 0.0021 11.23 11

N13 | 1700 | 1990.8 560 42 739 | 80.64 | 4017 | 1.02 | 17.32 | 13946 | 1234 9.30 0015 | 1328 16
2008.9 400 405 |74 7003 | 5499 | 036 | 1254 | 1386 | 1320 750 139.7 0.9
N14 | 1300 | 198838 514 502 |78 89.21 6.25 | 0.36 709 | 1030 97.62 9.09 | 004 |0104 | 107.2 72
1991.9 370 507 |75 97.00 559 | 044 230 | 1059 97.03 947 | 004 | 0062 | 1068 528
N15 | 1300 | 1989.6 310 441 359.3 2450 | 391 781 | 3971 | 4145 267 4179 129.7

199511 | 260 434 |72 | 3819 2345 | 307 856 | 4190 | 409.0 277 1001 | 0077 | 4127 96.8
N16 | 1200 | 1986 590 481 |88 429 016 | 0.04 0.01 4.56 0.28 377 1036 | 0058 448 05

2007 830 568 | 865 543 018 | 0.03 5.68 0.38 474 1 037 | 00042 551 05
N17 | 1200 | 1982 670 52 855 772 0.08 | 0.05 0.02 793 058 696 | 043 799 47
2008 320 538 |85 6.65 025 | 0.04 6.98 053 540 | 080 | 0017 6.79 2.1
N18 | 1528 | 1982 450 610 |82 11.42 045 | 012 003 | 1212 332 863 | 013 | 0169 12.33 2.9
1993 450 610 |81 10.04 058 | 0.13 0.04 | 1090 343 681 | 013 | 0.092 10.53 24

2003 400 600 |815| 1267 048 | 011 003 | 1340 345 927 | 018 | 0.025 12.99 3.0
N19 | 1500 | 1982 1400 600 |80 2867 151 | 021 012 | 3064 | 2011 | 1035 | 025 |0.137 30.90 83
1993 1400 600 |80 2363 147 | 021 012 | 2562 | 1987 504 | 008 | 0.054 2512 75
2003 1400 57.7 |80 26.23 115 | 017 012 | 2782 | 1937 741 | 011 | 0017 26.96 74

N20 | 1673 | 1986 350 478 | 815 | 1544 298 | 061 249 | 2176 | 1855 292 | 001 21.55 09
1989 350 487 | 84 14.29 256 | 0.50 210 | 1967 | 1634 311 | 012 19.63 0.9
N2l | 1341 | 1981 210 517 |78 69.42 | 1468 | 0.65 226 | 8725 | 8228 305 | 003 85.36
1992 210 477 178 7012 | 1693 | 041 326 | 9131 | 815 2838 | 003 91.19 48
N22 | 1200 | 1993 600 400 | 805 265 015 | 0.09 0.03 293 0.11 258 | 005 | 0037 283 0.3
2008 200 400 | 795 397 0.15 | 0.09 0.02 424 0.28 377 1 007 | 0010 415 04

246



5561 % (2012) BUACTE, KPR, BHTE, RETE, 8- 5% - SIS 2 KRR O REZ L

Table 5 The secular change of non-volcanic hot springs from deep wells under the Ise-Shima-
Suzuka Districts.

x5 F%.TE - HBEBIO®T 1,000m U EOXRERRDEFEEIE.

Dis- Ations . fons .
N Depth | Date | charge | Temp. Cations (mval/L) Anions (mval/L) HBO,
o. o pH
(m) (vear) | Rate (0 . R . . . . (mg/L)
(L/min) Na Ca K Mg’ Total Cl HCO;™ | CO5 SO; Total

11 1500 1997 30 309 |92 587 | 017 | 0.09 6.13 375 076 | 018 |0.081 542 237
2008 48 281 |94 559 | 008 | 002 5.68 1.74 225 | 087 |0044 521 14.1

12 1500 1997 100 342 |70 843 | 025 | 005 | 022 9.03 212 6.07 | 001 |0.060 878 104
2004 135 216 |71 697 | 032 | 003 | 030 7.70 1.84 521 | 001 743 79

13 1700 1995 250 353 [805| 2971 | 013 | 019 | 013 30.25 1007 | 1828 | 035 |0.144 29.52 49.8
2006 270 350 [815| 3499 | 013 | 019 | 005 35.39 997 | 2333 | 045 34.34 447

14 1200 1983 530 4.1 | 86 717 | 013 | 003 | 002 740 3.07 358 | 022 |0.154 7.19 7.0
1994 530 434 | 86 574 | 019 | 003 | 001 6.00 270 270 | 017 |0.048 579 45
2004 530 436 | 855 633 | 020 | 003 | 001 6.61 268 333 | 020 |0.027 641 39
15 1400 1999 410 400 |83 1582 | 035 | 006 | 008 1632 | 1053 497 | 015 | 0146 1584 159
2007 280 401 815 | 3030 | 053 | 009 | 011 3108 | 2121 880 | 017 |0.0021 30.26 317
16 1300 1998 | 1100 477 | 86 498 | 019 | 003 | 001 523 0.99 386 | 024 | 0010 5.14 15

2008 400 464 |87 553 | 019 | 003 576 1.04 430 | 020 |0012 561 26
17 1250 1987 580 456 |86 709 | 003 | 004 | 001 7.25 3.36 328 | 020 |0.046 713 86
2007 500 459 |86 677 | 021 | 003 7.05 2.96 342 | 021 |0.0021 6.83 78

18 1400 1990 270 415 |85 920 | 018 | 004 | 003 961 0.37 834 | 040 |0.060 9.62 129
2007 140 39.1 | 855 799 | 018 | 003 | 001 8.29 049 701 | 043 | 0015 8.08 6.4
19 1300 1993 270 354 |85 800 | 025 | 004 | 003 8.32 272 514 | 025 |0.044 8.19 102

2008 200 413 | 855 820 | 022 | 003 849 1.28 650 | 060 |0.0042 8.69 9.3
110 | 1300 1994 620 445 |85 595 | 016 | 005 | 002 6.24 1.33 441 | 021 |0.067 6.05 24
2007 530 453 |85 765 | 015 | 004 | 001 793 141 6.00 | 029 771 238

111 | 1200 1991 40 298 | 805 | 1414 031 | 032 | 069 |1437 6680 | 7043 | 136 | 0491 139.2 2239
2005 45 301 |79 |1626 012 | 027 | 050 | 1636 64.57 | 9295 | 090 |0.094 158.7 2164
112 | 1425 1992 29 221 | 975 | 201.0 005 | 208 | 002 |2038 | 190.1 371 | 357 | 062 199.8 1516
2007 10 184 | 915 | 3922 0.11 139 | 009 |3948 | 3599 1816 | 28 | 00042 | 3829 1475
113 | 1000 1991 710 356 |84 466 | 011 | 003 | 002 491 2.35 233 | 009 |0035 483 6.3
2007 90 274 |82 723 | 020 | 003 | 001 755 348 367 | 009 |0.0021 7.34 99
114 | 1800 1993 200 382 | 865 726 | 008 | 005 | 001 751 0.34 594 | 046 |0.108 7.32 33
2009 200 289 | 855 792 | 012 | 004 8.17 0.24 654 | 027 |0.0062 7.66 45
115 | 1000 1982 46 | 187 |86 997 | 021 | 009 | 013 11.25 231 752 | 046 |0.187 10.70 94
1988 34 225 |86 970 | 036 | 008 | 0.14 1052 1.26 830 | 051 |0.106 10.39 6.5

B05, WMATEHIERRO7-OIFRMB OGN 2 ET 5 Z L3R eh o7z o T, KFiRROH
Rz 2 LTk, BHCEYE, AR, e - GREE - SN ORR OGN, EhE
NEL LT, PUSBRAIZERT, gl fEmrseT, =EIRMEBRBEINZERT C % Shiz. RV
DR DGR T LR o 7200 (SRR ZerT, R ARE ALy 5 —,
= IR BRI JE R, Eﬁhﬁﬁﬁé)f&éht KPR DR O GG RIL 2 D Ot
PHHIH L (Kis, 1999 5 BEFE 5, 2008). AR D W 0AT I SL R AT IR EHIEE DV Twn
é(ﬂi@,%ﬁﬁﬁ%ﬁ%ﬁ,mw)

W ROBEE L FMT 272012, 767 FrOMBICBNTEAF+ Y ONIVREOET =4 ~
DINIVIEEEIH T AR KDz, ZOHIZ1.006+0056 & 7% 0, BiFE (10) 12D THEVWOT,
4 F VIREOWNBREFESR. &4 54 Yo Na' O VIBEEIZTFHT0861 2D, HF
FYOEEFE N THD. (oT, KL TRAFF VIZOWTEHFF VilkE (FIZNa*) O
BAEZALZZ0 20 BVF, &7 FF V2o TG L, R A 4+ 213 HCOs™ & COZ#~
EDMBEoTVD, WA+ o OViEERFR ([COA 1/[HCO: ]) OFftix 0121 L4y, FE
AT VIZHCO, ThAD. WA A+ oI FHIRBICH 2 DT, WA+ v OREOEE% kB
SHAF U DOWBEL L.
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3. BHE RE REDEFEZI

RO ZRTHEHA L LT, HHESRTONS. BRI FERERICEA LTSN TS &
RS, KEIZEIELTWEArd & 25 2095 RICIEED X9 ZRERIERBEN T ARn, 22
T, WONIHE L7285 L A EHD R - THh L 0BG ROE (2 2 TRIBHRILEITR)
(= [z ERBOLER]/ (ROOK R OB GR]) ORFEEILERETT 5.

HEICOWTIE2O0HAA% 2 4. #1113, ROICHE L2 REE B EER - T b0R
e o (=[HMAEHEORN] - [IRPOFEORE]) OREZBLERFT L. H21k, HERD
WTFKROFHEE (8 15C) LiRBEOREEZ MBI L > CERLARE (22Tt 5iRE
EIER) #Fz 72 (FFH, 2009). EREICW D &, KEER T TR BIREISREMIIRE L 21L
T2 EFEZIZOW. S SNARENEET 28T, BIZITEROM T KRIRAT 574 & T
b35. ZITIEIDL) RIREEND ZFOTHEHELSL LTET. IRRERMOKERTHE L7
5008 & 8B ERBOMNGHEE & DR (2 2 T SIRELL EIE8) (= ([ E 5% 5]
— 15/ / { IR OB ORI - 15] ) OREBLE IR T 5.

BHIREOREL LTeA T4 Vi (mval/L) V5. BifiTR~R7- L) 1Ze&hFF v
WEL LT Y NVBELRIZIEELCOT, E4FF VNVIRED 2P EEEA + Vi
FEe%b, T TIIRMOREEDEETOEN FF+ VIRE L A EHROMBR T O D FF ViRE
DOHFE (ZZTRENF A VRILEIESR) (=D EBBOES F A+ VIRE]/ ROOWE DL
T VIRE]) OREEILERETT .

TR O — 7 OFGBAERIZRR IR R o TWwh,. ThEH— L THRET 572012, %%
B OBAL L35 aBaE R LBl 3 5 IRE L, 104EMOZILEDILEZ Kbz, R ORE
ZALOBEE I 2 TH D, BAEENOMT 2 N THRT I LIFWR TR, 512, ZfRiciX
BT DG LIS 2 5ABH 50T, I TIIHEEME L TELOR 5 A5 mAE B e pl§
e L7z BB 5 L9112, SO DWAEE RIS TRT I LHPHEKDLDT, ZOWLEIIEYK
BB 2 B IS 2 B, WA EDVN S WA, BIEEOID oo & B3 OB S iZir gz
FIZFRCICR 5.

Figure 1 IC&im omEEIE (O), MH5HEL (O), &7 F+ vEIb (&) ORELLERT
ERICH L TEIE L WS 2 EHCRT. 3 Oo0HE B EBF T OAT 2 IR0 . Bie
HIEFEHRE D BN nbobdh D, BRI ERE P LTV RIRI 2L D H B T L ZIR
LTWw5. FIEHORFELELEOLFE 10 FEHOB(LREILE LTEL, #%4T 5RO &R
BICHT 584 (%) % Fig 21287, ZLEL27101%, 104EMTEEIL VS ETH S
Lt (), H5iEL (O), @774 v2lk @ & 10FMThT VELLE2VEE (10
EHTOZILREE 08, <12) DIREP’—HFL . ZRLERRAROBGEZEAT L2012,
FIHAA 10 SEMTHAT 286 (10 4FEROZ /R 0 <08), HF W EMLAVEE (104EH O
ZALEIL  08S, <12) BLUWINT 254 (10FEMOZLEIL 0 122) WHHLT, Theh
x5 A IR OE G % Table 6 12 F &7z Hdmii, HF V2L AWEE LT 2546
PFIZEEED L. —F, FHiERE & FF eI, HFEVELLZVEGENS .

Table 7 127 — % B % ViR O (FF G, &5 54 v &k, Clrilk, HCO, & CO&
W) IOV THIERIOLEEZ IR Y. SHIROPIEE & 5 &, KR 10EMTH T £
LW EN—FL v, LaL, AFFHOLAE, SHEES 10 FEBTRPT 25605 —FL .
U, AR TR OB L 2 H RN TVE I LERLTW A, AAFFEE TR
RO R EICH L TRE L, RROMBIHEY, #iTF KRR EORADE S T SRER
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Table 6 Relative changes of properties of hot springs in 10 years.

x 6 RROFHED 10 FHAICH T 2EMIELE.

Fraction of number of hot §prings in total Total
Relative amount of properties of number of hot springs, % number of
hot springs Decrease Approximately constant Increase h.Ot
(<08)* (08<, <1.2)* (12<)*  SPTInss
Discharge rate 412 470 11.8 51
Supplied temperature” 311 66.2 2.7 74
Amount of total cations 184 69.8 11.8 76
Amount of Cl” 274 60.3 12.3 73
Amount of HCO;™ and CO#*" 9.2 63.2 276 76
Amount of SO~ 879 0 12.1 33

a : Relative change in 10 years.
b : Supplied temperature is defined as ((temperature of hot spring]—15).

Relative change of properties of

Fig. 1 Secular ch
cation concen
the Ishikari P
secular chang
relative secu

2.0
18
1.6
1.4
1.2
1.0

hot springs

0.8
0.6
0.4

0.2

0 i i i L i i
0 5 10 15 20 25 30 35

Secular age, year

ange of relative amounts of discharge rate, supplied temperature, and total
tration of hot springs in the five areas (the Kanto Plains, the Osaka Plains,
lains, the Nobi Plains, and the Ise-Shima-Suzuka Districts). O : relative
e of discharge rate (=(discharge rate)aser some vears/ [diSCharge rateJa it ime), [ :
lar change of supplied temperature (={({temperature]—"15}uer some years/

{(temperature]— 15} miaiime). 2 - relative secular change of total cation concentration (=
(total cation concentrationJae some vears/ [tOTAl cation concentrationla e ame). A solid line

represents a ¢
1 5 (BEXR

onstant value without secular change.
EF, KREF, ANTEE, BETEH, F%-5E- - BEHA) CHT3ER0H

BRI, T5RER, £hFF BIEOREEL O: gk, [: F5REL, A &2hFF

CEH. ER

FRHICE > TEL BVGEDOME.

WHIREOTARE D EEZ LN,

10 4R T L L 72
P -36TC &%

T EEWR 6§ 2 i B ORI BT 286 % Fig 3187, EELO
D, 104EHTHFHLT36CTET LT A.
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80
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50 |
40
30 |
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10

Fraction of number of hot springs, %

0

0< 0.4< 0.8< 1.2¢ 1.6 2.0
0.4 <0.8 <1.2 <1.6 <2.0

Relative change in 10 years

Fig. 2 Fraction of number of hot springs in the total number of hot springs in the five areas
(the Kanto Plains, the Osaka Plains, the Ishikari Plains, the Nobi Plains, and the Ise-
Shima-Suzuka Districts) against secular changes of relative amounts of discharge rate,
supplied temperature, and total cation concentration in 10 years. Total numbers of hot
springs for discharge rate, supplied temperature, and total cation concentration are 51,
74, and 76, respectively. W : secular change of relative amounts of discharge rate in 10
years, [] : secular change of relative amounts of supplied temperature in 10 years, H :
secular change of relative amounts of total cation concentration. See the text concerning
the details of secular changes of relative amounts of the discharge rate, the supplied
temperature, and the total cation concentration in 10 years

2 5 (BARTE, KIRTE, BNTH BRETEH, FF . TE- - BEHS) CHTER0E
wElt, FEEREL 2H7FFELO 10 FROELERICHT 2RRBOLRRBCH T 2E4E.
B, TERERSSUVLHFFEBHICHTZILERKEI, ThThsl, T4BLPT6TH
3. W:H5ElE [:F5EEL WN: 2574 8L

FAEZALIZ OV T3 57201213, Ak%61E, [ UHIRIZOW TS5, 6 MU EORIELLO
T EBLIZTHRETHL. LaL, BURETIE, 28 (—fi338) ORELLoT—5 L
PRONTVRWV., itoT, SRIGICHELWREZILOT -5 Z2NET L LPEIN 5.

4. TZACEORFEREER

4.1 ClI & HCO:; (2D COs» 2 E&D)

Cl" & HCO, (L&D CO# &) O (mval/L) ([2DWT, Y DKL OMREE & 85 £
Ko THODMWEORE (ZITREEA T Y ORILEESR) (=B EBEDIEE]/ R DB
D] ORAEEALZMES T 5. Figure 4 I2#mmi o Cl =t (O) & HCO;, (4#o COS %
ate) ®ib (O) OREEILZRT. ERUTERICE > TELL 2WEZ/RT. Cl B L HCO;, (4
wD COS & Et) HICEBPEIIHA T 2IMRAL V. ClOBERIERLID S FICH LMD
Ronsaahs, HCO; (Mo COS &) TIRERTBZ 2RENHONS.

A4 Y ORBILOFFEELEZHE & FRIC 10EMOEfbE L LTHEL, #4TsRE0E
HRBICKHT 584 (%) % Fig 512R7. Clr&lk (B) BXOHCO, (WED COF 2ad) &
H(O) HICI0EMTH E W ZIL L 2WiEE 10 FEMOZ LRI 08, <1.2) DRI —FL .
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Table 7 Relative changes in 10 years of properties of hot springs in the Kanto, Osaka,
Ishikari, Nobi Plains, and the Ise-Shima-Suzuka Districts.

® 7 BERTH, KRFH, GFFH RETEH, 7% TE -  BEBTCETIERROFFED

10 E[EICH (T 2 HEMVZEAL.
Fraction of number of hot springs , %
Properties of hot .
springs Kanto Osaka Ishikari Nobi ISSe{lSZISlI; & v;\l/{leeasnof
Plains Plains Plains Plains Districts five areas
Supplied temp.*
Decrease” 33 42 62 9 27 31.1
Constant® 59 58 38 91 67 66.2
Increase’ 8 0 0 0 6 27
Total cations*
Decrease” 14 17 46 14 7 184
Constant* 79 83 46 73 67 69.8
Increase* 7 0 8 13 26 118
crt
Decrease” 22 33 54 16 20 274
Constant* 64 59 38 79 53 60.3
Increase’ 14 8 8 5 27 12.3
HCO:{ and COSZig
Decrease” 14 17 54 5 7 9.2
Constant® 50 75 38 77 40 63.2
Increase’ 36 8 8 18 53 276
a : Supplied temp. is defined as ([temperature of hot spring]—15).
b : Relative change in 10 years is <0.8 .
¢ : Relative change in 10 years is 0.8<, <1.2.
d : Relative change in 10 years is 1.2<.
e : The amount of total cation.
f: The amount of Cl .
g : The amount of HCO;™ and CO;*".

ZAbm iR BoE G SFERMICE LD 4+ VR0 FERT, WP T 58556 (10 4F
MoZfbrlt : <08), »FVELLLLWEE (104FEROEb=L £ 082, <1.2) BXUMWINT
Bt (L0EMOZALRIL 0 122) LT, FNENCHT 2RO E A% Table 6 (2R
Cl&#ltE HCO, (Ed COS &) mILIdd T ) 2L L 2 WA DIRREA 60~63% & %\,
KNTE WO, ClBIEOEAE IR T 2R OEEH274% TH 505, HCO; (L&D CO
Et) RILOE T 2RO ED276% 2150 5.

Clr WA T B HRICDOWT, Cl koA E L ZoD4eh T4+ Vo2 b & Otk
% Fig. 6 12" T, ERFECl Z2ltoRbaEEtehF+ Y EIEOZAENFHICZI0E 0 THLHEENE
WMTHARZLOTHY, 2200HHOELRIZEWHBEBERYD 2562 73, BEIICAS E Cl
BT B e hFF v EL (SWHBEERICHE) AL, mEIHEERH5. Zh
(&, Cl OB FARREA L CTEROBERESTRI W20 L lbh b,
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Fig.
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15 |

Fraction of number of hot springs, %

<—20 —20= 108 —H5£<{—2-—-2€<0 0£<2 25<5 52<10 10£<20
<10 <5
Change of temperature, degree

Fig. 3 Fraction of number of hot springs in the total number of hot springs in the five
areas (the Kanto Plains, the Osaka Plains, the Ishikari Plains, the Nobi Plains,
and the Ise-Shima-Suzuka Districts) against temperature change in 10 years.
Total number of hot springs is 74.

3 5l (BARFE, AWRTE, AIFTE, RETEF, R - 5E - S5EHA) (03
BEROD 10 EEOREZEECHTIRRBOLSERHICH T 2EE. 2RRHT 74.

20

a

Relative change of properties of hot springs

0 5 10 15 20 25 30 35
Secular age, year

4 Secular change of relative amounts of Cl~, HCOs;™ (including COs*") and SO/~ in hot springs
in the five areas (the Kanto Plains, the Osaka Plains, the Ishikari Plains, the Nobi Plains, and
the Ise-Shima-Suzuka Districts). O : ClI~ (=[concentration of Cl™ Jaer some vears/ [CONCENTration of
Cl sttt ime), [ HCOs~ and COs*~ (=(concentration of HCOs™ and CO#* Jater some vears/ (CONCENTration
of HCOs™ and COs* Jat it ime)., & 1 SO~ (=[concentration of SO Jater some vears/ [CONCENTration of
SO Jaimmaime). A s0lid line represents a constant value without secular change.

4 s (BARTE, KRTE, GRTE RETE F%2- - TE- - REHY) CHT3EROCL,

252
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B), 21807 RFRFBICE > TELEL EVHEEOME.
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70
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ﬂeul

0£<0.4 0.4 0.8 1.2< 1.6<
0.8 <1.2 <1.6 <2.0

Fraction of number of hot springs, %

Relative change in 10 years

Fig. 5 Fraction of number of hot springs in the total number of hot springs in the five areas (the
Kanto Plains, the Osaka Plains, the Ishikari Plains, the Nobi Plains, and the Ise-Shima-Suzuka
Districts) against secular change of relative amounts of ClI, HCO;™ (including COs*7), and
SO in 10 years. The total numbers of hot springs for Cl7, HCOs™ (including COs*7), and SO
are 74, 76, and 33, respectively. W : Cl~, [J: HCO;™ (including CO:>"), [l : SO.2". See the text
concerning the details of secular changes of relative amounts of ClI-, HCO:™ (including CO:*),
SO/ in 10 years.

5 5ibiE (BARTE, KRFEFH, ARFTE, BRETH, FE-E5E-5EHRH) (CBH5T5E8R0 ClIELHE,
HCO;” (2D CO.* 288) EH LV SO ELRD 10 FEDELEICHTIERBOLBREICSE
1F3El4. CI'£t, HCO,” (DED COs %288) kb LU SO ERICHETI2ERRBL, The
h74, 76 5KV33TH5. B:CI'EL, []: HCO, (PED CO%2&¢E) &, [l : SO EL.

1.2
1.0 + e °
08 °
06
04

0.2

Relative change of cation concentration
@

0 L L i 1
0 0.2 0.4 0.6 0.8 1.0

Relative decrease of Cl- concentration

Fig. 6 Correlation between the secular change of relative amounts of total cation and
the decrease of relative amounts of Cl~. A solid line represents the values of the
good correlation between the two items.

6 2hFFCEHOZE(EE CIrERORKIEEDOHERME. RREMEEOHEICRVERMED & 558 DE.
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Relative change of cation concentration

0 0.2 0.4 06 08 1.0
Relative decrease of SO,2- concentration
Fig. 7 Correlation between the secular change of relative amounts of total cation and

the decrease of relative amounts of SO#~. A solid line represents the values of the
good correlation between the two items.

T RAFFUCEBHROEREE SOBIEDFHIEEOHEREMYE. KiRIIHEEORIC R VBN
»dH BIHEDME.

4.2 SO~

SOS DWEEIZONWT, BADORHOWEE & WD EHIRES THHDOWEDILF (2 2 Tid SO
‘/ILEIER) (=[5 EHBEOBRE]/ ROOKETOWRE]) ORFELZREFTT 5. Figure 4 12
FiHEO SOL wmIt (&) ORAEELERT. Clmlke HCO, (Amd CO& 2 4E) ®iteidiE-
T, SOF BIIZIFEALDORBTERI Y TICH b, SO BRILDOBELLZ 4.1 & MBI 10
EMoZ bR E LTEL, SN THRAKOERAKIITT2H4G (@) % Figh 1IR3, SO
B, 3EAELDRRI0S, <04 & 042, <08 DFHIMIIHA L TW5DE. ZOBILE LR
DEEE R L LT Table 612F & 72, SO BILDBA, 879% DR THA L TWw5 (1048
MOZILRIL : <08). X512, HFEVZALLAVEA 10EMOLLRIL  08S, <12) 1k¥n
s, BN A4 (10 4EMOZLRLL : 1.2<) 13f#2 121% I8 X 5w, SO B
W, SHICELIHETT 5.

T3, SOS BOWMAH Cl RO L FARICH T ROWRA L 2HHNRICL DL DOTH D0 M
5. SOL BT ALEIIONVT, SO BILDBVTIREZDEXDENFF VRILD
ZALE E OMFR%E Fig 7187, FEfUd SO RIboE b L & FF v 't oZ b Hh i 10 &
0 THLHMEEMTHALZDOTHY, 2 Oo00HHDOMIZRVHMBRMGELSS 26 %2/R7. SO &
AR L CThaehF4 v BRI L2 WEED% L, WEORICIIHBEMEZIZEAERVWE S
25, WL, SOFBEOBA BT ARPTERICEBALLZZOOHGRAEICL 2D OTIEZ W
Figure 7 TR LN S X912, HTORRTEERISEVED DY, HRIEEZEEHRT LS
LRV LaLl, H—EBE LT, ZITRERAEREUTICBRREEITILE LTH.

WA 1,000m PLEORIEE# T TIEETHEOBREICH D, SO A F Y IFFHEITIGIZ & - Thitfk
MEBYVBREEINRDLTHA) E—RIZEbTWD (I, 1963 ; Kanroji, 1979 ; ¥ )5 - %
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1991). SO DIILHIBD BARINFIZ OV TIREH SN TE ST, 18, MR~ s 7Y
T, HEWEOHG O H 5. HIFIZBIT 5 SO OBt n % (1) THRT

SO +M —N (1)
CCTM M OE 1 gk BRI N T T, ARWSoRTCEDEERL, NIZAEEYO
WAL 2 9. SO DRI L, HWHIZH D M OREZISOHZTIZZF—EL/HELTD &
V. 2o, UBEERIETRO X ) IE—RIUS?Y TS Z L5k S

—-d[SO# 1/dt=k[M][SO# 1=Kk [SO ] (2)
K 1SS0 MEEEE, K 133 — R BB O MEEE$ (=k[M]) 239, SO DA 15 (¢(1/2))
R EZL, PR BloERTLH 5.

t(1/2) =In 2/K (3)
PR SOL DRBEAKAF L 2o T, KRR E K2 i3 2 2 L5k 5. #— KL
DG, #EEEH (k) & SO ‘oA ([SOL 1 /(S04 ]) 2HRD A Z LK, RIS
PR L KT 5.

k'= —In([SO#1/[SO 10) /t (4)
22T [SOf 1 b [SOf L idEnEnEME t FEHHO SO O TH 5. Figure 812 SO D
BRI T MR BOEMBREICB T A2HEL/RT. T IITIRS N2 297 FriZ BT 5 SO
OPRIHOFIMEIL 65D, INHD 297 IOFTRICOWT, &7 F 4 vt e 5iEL
D10 ERNC BT B ZAEROEMHEIZIIC 094 TH D, ThFEHF 4+ Vi GEERE )
EMNERER CRHEISHE) BB LTH, EFEAEEEL TRV EZRL TV,

40

35
30
25
20
15 |
10

Fraction of number of
hot springs, %

11 ..

0< <4 4< <8 8< <12 12¢ <1616< <20 20<
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Fig. 8 Histogram showing fractional distribution of half-life for SO.*~ decrease in
the five areas (the Kanto Plains, the Osaka Plains, the Ishikari Plains, the Nobi
Plains, and the Ise-Shima-Suzuka Districts). The total number of hot springs
for half-life of SO is 29.

8 5 il (B9RFEF, KIRTEE, ARTEH, BETEH, FF . XE - 5ERA) (B3
BREPO SOTBPDOFREICHT I2RFHOLBERBICHTSEE. SO BRI DFER
HICEET 2 2RFEEIT 29.

PHE—RIUG RS &, RUSEEA IS ORBEDO—RIZHFTH DE 5. LarLl, ZKIETH
FOB DOUEDS I E A EZBL L 2 W&, IREZREPWNIC—EL AT I ENFNRL. O
&, 2 OBUGEEE LI SOSY DIREDO—RIZIHIT 2 L LTHH 2 Ak s. T X HITLTHH
B -KEE V).
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KIS, ZOFRM (654F) OMKERF TS, T3, SO G KEEERRE KA T IR L Tw
BRI SN A EHE 2 D, FIEICH 2 KEEIKILERR AR TH L L bl Tn b
B, FOHEMRIIOVTRIEE SN TRV, HBik$5 X512, HTFRMMTF 1,000m PLUFIC F THL
Byaz iz Aliv. T2, REKPFEHORREERROERIE HCO, A 4 ¥ o C AEARHIE A
513 30,000 £ S HEE ST WA GERTS, 2005). 4EOiEE D585 NaCl s (LK)
THY, INVBREDEHEICL LD TH2 L TIUE, BTHERSLIHICHEDDHDTDH 6,000 4F
Al GMSCHEE) TH D, FEEBICB A REERR 25 F I B LT 72 IREH 2 12 /o 1,000
EELESEEEZ L. BIEOHRRE T O SOL OEEDTFEIE 90mg/kg TH 5. 1,000 4T D
SO OWIIEE % L (654F) »ORAMB 2L, TiDXHITh 5.

9.0(mg/kg) x 2" =19x10"kg/kg (5)
CORERIE, 1,000 EFHIZEERAFAE L TW2Z 2%, & BENTIERV. BT 5 &
I, ERRER % 6,000 4F & UL, S HICEIREORMIRICR S, SOL D 65 4F &) v
WL, REERR A TIER L CwaRIGES 22 e Tldew e b s, SO v
TCBOB IR K % A AT 2 BT O AKICIEE 2 51 &2 2 L, ZofEE SO DIt RUG A%
REENZDBDEEZ L. SR DL, ZORSIZIEHEE S O etEsdh 5.

SO OILHABIGIZOWT, ST .. ZoimTid, TrRoOMmEREL TV,

a) RBEIRKOGFEERE WEBOBIK, KEXE, ZOHTO SO REDGASE) 1220
TIEREMHEIN TR WA, REEERRKOEERFIIRVWOT, H5H 3N ThRWREERR
KHNZBIT 5 SO DIREIRE—TH 5 ERET 5.

b) KREERBPOIERIIOWT, ks a~< by 74 —R{LELHE TR THL LI %2
FHOWIEEZ D, H 135 TOBERIC X 2HEIERTH Y, %2 13ROI L TH
5.

o) BHEN TV WRRERROEE, KEBIXPENZZIEZ-ZIRNTWD EIKET 5.
F7:, BRI X AERBNOZILE LT, HPANae ) R KOGE) & IR 2 ET 5.
—ACIEBHER RO T, E R k) ETRO L9 IcEKEN S (Atkins, 1985).

k=4 7 1D (6)
r X SO BSEILIL Z T BB S T B OISR TH Y, FUSFEIZ X > TRE ZEWIE%
V. D IRIEEARETH Y, ZoORISEEIZILE GLERE) IS TEREN TS,

TR ASKIEFEH T I2A0 L T B RET O SO OISO EEE R, § 7% b b 2P %Ko
5. A SO O & Red 22RO, MR 2 Al (NaCl) (& 117 i Ch 5. FEHRIC
BUFHHE 1,000 m DL EOREERR TIE, R EICH 256 TH BRI T IS L7250
Tz (F, 2005). BlziE, REFHOMWRICH S EERR T, BilKiZXs CloiRiEix
WFOmFTTHY, BE1400~1,600m ORBERATO ClURERFER ISR, —F, Ih
&0 20km PIBEEEO RN CIx, HF 20~230m O TARHICIE, BliEKIZL 5 ClIRIFEA LT
1E L7228, REE 1,400~1,600 m O S 13 5,600mg/l DESIEEED ClAFfET A AKRTH 5.
COZERPS, BEFIICHTROBIIZIIEA LRI s TRV EPbRrb. 0L Rl
RITHEOHAK LAHEK) X0 EMEZONTVD. BEDOHKDESDBLHEKD
bOEHFIVEDLLLWERE LT, {bAHEKOWBIRETO SOF %KD %, Table 8 I12H]
KO Cl™ & SO DiEE %7/~ 9 (Demayo, 1985). NaCl i (b iEAK) Hod Cl™ & SOL DIEED

VIR AL E I 7 U B TAD L, MBS RLAERT S I LI X o TRIBDET 5. UBIT
FRELRESZFH-TVWDEOT, KBS FHELENFZOREE, SRR D L0 TOPREDNITES Wk
AR 5. ZORUBTTF OFEOHZ JUSFEE V).
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Table 8 Concentration of CI~ and SO/ in sea water.
*x 8 ®BKhDCl” &£ SO DEE.

Cl', mg/L  SO¢", mg/L

Present sea water 19,000" 2,650°
Fossil sea water (NaCl hot spring) 7,290 234"
Modified fossil sea water 19,000 61.0¢

a : Concentration was quoted from ref. (Demago, 1985).

b : Mean value of eleven hot springs.

c : Dilution effect of the fossil sea water was estimated as follows.
234 %19000/7290 = 61.0.

D R, NaCl g o CligEDHEARTh O CUREL Y /hEvol, GFFERICEsL0
L# 2 I ACH KO RPN E: % Z K L CHIIE L 72 SO D%k 1E 61.0mg/L (=234 % 19,000/7,290)
i h. LA T I L TW A BICBIT 5 SO DT 0023 (=61.0/2650) & 7% 5.

LA HEKOH TS B 2 AR 2 M55 5. R TFEIEEIE R 3 B Fichk o7z (FRIE,
1970 ; H=F-, 1978). #9 1,600 J54E i o> ¥ g, %9 14 J54E 1T 0 2 HTHEAE B X O 6,000 41
FSCEETH B, H ARG T AT HHESCE LRI IR X Ty vy, 3R 1,000m 2L o
IR R M AR T A B & FreE =ttt () 2,300 J54E~#) 500 J4EwT) 2 S fEF I (R 500 /5
E~260 JTAERT) DMEEEZONSL. DL, INSHOROMEKETIUE, RETHH 260 HE
2% 5. fEo T, ALAMEEARDEMRIL 6000 ELLEEE X S5, T 2Tl NaCl i (LAEK) ©
VRG] % 8D 6,000 4E & LT, SO O Pl %R 5. (33 & (44 5 Fikilix 1,100 45 (=
—-6,0001n 2/In 0.023) & 7% 5. Z OISR E L CREBMZIEL TRD2DDEDT, %
BOLBMEIINLIDDIREWZEDH NS, DL, RN ZRIC260 TEET L E, SO D
HFIINE 50 TAEE e A, B, 117 Frd NaCl R OGHIREIZB T 5 SO oI, o
B, DHFIMEE LTH24EE o7z, TNiE, NaCl R & NaHCO; % % &0 7= SR DR D%
FEEALH S KDz SO DY (654F) LIFIFRULTHS. ZHOHDOMFZ Table 9I1CF LT
Td. NaClSASHF IS LT oI, SO 44> (AL k) OlsdREiz IR S
<, SO ORI 1,100 4EDL L E K&, —F, ZoOlRE5HET % L ILEAYEE S TR
BUIRE LY, SO DPWHNE52FEFH L L 5. T SO DA BUS A3 HUEE 3 S
WTHALAUREEEZRLTWAS, DEaFldsd s, FHIBIIBIT S RKREIEKIPER R ORAEZEAL
ELT, RO o THEFAMRE S I, PHEE OO X 2 BHOZ s H 5. oI
I ORAEZILE LTIE, WD TOIERKTH 5.

Bb0IZ, PloEmTidmngrozmEimiey 5.

KB AIR OFAEZLIZ BT SOS 25T 5 iR OE AT 2RO 88% % /5D, KEHDODH D
A ERTH S, L L, SO DM T 2D DL LETIEHHA, 12% H 5 (Table 6 ).
SO DWAT BT KRBT I BT 5 EICUGTHH L7z, g 23456 0o\ T,
HEBECTEIAHTH L. —HORKFEE T ClEEITEDES <, SO DMEMKISMEESEI % 5 DT
BawirtBbhsd, SHOBDPEIND.

A E SOL O BB AL ® & L Chgim L7z, HCOs & COP ORMELALTIE, &R D
28% 2BV THIMMEIA R Sz, SR HEHITE - TRE S - inidEsE o B ROs & b
HDT, SHOEEKD LMEETH S ).
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Table 9 Diffusion constant and half-life of SO~ in hot springs.
£ 9 BEPOD SO DIEEFRE & FREE.

Diffusion constant Half-life, year

Stable NaCl hot spring® Very small >1,100
Discharged NaCl hot spring Large 52
Discharged hot spring” Large 6.5

a : NaCl hot spring without discharge.
b : NaCl hot spring and NaHCO; hot spring.

i
RO T—5 % TR L THWSEBIECBILR LETET. Al R LERPZORHFESY
BHIZB L ORI VRFORSHE IR I IR EH R THEEZH Y, ROEH L ET.
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