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Geochemical Studies on the Mineral Springs. XII.

Echigo-yuzawa Spa

Koji SATO and Yasuo KANROJI
(Hot Spring Research Center)

There are 17 springs on the mountain flanks in this spa. Total flowage and heat
energy of thermal water are both decreasing since 1960, and abruptly increased after
Niigata earthquake.

Thermal water belongs to common salt spring water, and these springs are divided
chemically and geographically into several groups.

Amounts of evaporated residue of thermal water are smaller than earlier date, and
a few changes of chemical composition are recognized. Influences of Niigata earthquake
are not clear.

As a whole, springs situated on the mountain flanks mark higher temperatures than
the springs on the lowland and are easily influenced by the issue of water from the lower
springs.
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s B R W30 4Ly | W ss. 7 W %6 7 W37, 7T | W3 7 | W 3811 @ o39. 3 W 39. 6 g 39. 8 7 39. 11 10,
g g':;”"ﬂ m< E‘ H@ °C l/min.%éllmin. °C 1,/.;1“‘ kcal/min.‘ °C l/rlnin, kcal/min. °C l/r'mn. keal/min. °C 1/min. kcal/min. | °C 1/min. kcal/min. | °C 1/min. kcal/min. | °C 1/min. kcal/min. | °C 1l/min. kcal/min. | °C 1/min. kcal/min. | °C lﬁnin. kcgllmin.
e N R . N B
1 ‘ 308 0 2% 2% —
2 390 é‘i’é 42 288 12,096 42 288 12,09 45.5248.4 11,302 | 41 283.6 11,628 42 280 11,760 42.5 292 12,410 41.7 360 15,012 42 360 15,120 43 420 18,060 44 320 14,080
7
3| 347 39 9 351 50
|
4373 485 4,60 12.6 756 54 15.9 858.6 | 54 19.8 1,069.2 ‘ 53.5 11.3  604.6 | 52.8 10.8 570.2 | 51.5 9.8 507.3 | 50.5 5.68 286.8 | 55 26.3 1,447 55 27 1,485 54.1 13.5 730.4 | 52 9.23 479.9
5 375l 535 466 19.8 1,306.8 |64 21.6 1,382.4 65 18 1,170 ‘ 64 20 1,280 63.5 19 1,206.5 |64.5 16.8 1,084 64.5 16.2 1,044.9 | 64 18.2 1,165 64 19.2 1,228.8 [63.5 18.5 1,175 61.2 13 795.6
=i — S . " =—={=—s B o o -
6 | 375 465+ | 52 7.2 374 58.5 4.8 280.8
7388 394 82 302.8 24,829.6 81 21.6 1,749.6 81 21.6 1,749.6 81 21.6 1,749.6
8| 388 599 6 83 540 44,820 82 414 33,948 82 450 3,900 82.5 187 15,427 82.5 288 23,760 82.5 313.7 25,880.3 |83 387 32,121 8 276 22,632 82.7 324.5 26,836 81.5 367.2 29,926.8 10IP=7 - V7 }
9| 303 33 1% S0 moam 3004 (74 42 31968 (75 0 IS0 75 40 LSO |73 37 WS|4 35 24,4088 & 305 18,910 |73.2216 15811 | 7251728 12,528 | pob =7V 7 b B
, m
10 | 393 347 4 72.5 43.2 3,132 15P=7 - )7 }
11 | 380, 348 4|72 756 54,432 71.5599 42,829 71 603 42,813 71.5407.4 2,129 66.5 486» 32,319 65.2 360 23,470 65.5 279.5 18,307.3 |65 491 31,915 62 406 25,172 67 380 25,460 67.5 374.4 25,272
12 | 369 62 1,028.6 63,773 61 882 53,802
13 | 380 60 4|52 424.8 33,089.6 | 52 414 21,528 46.8378 17,690 47 360 16,920 45.5 270 12,285 45.5 180 8,190 46.5 158.8 7,384.2 |47 324 15,228 46.5 270 12,555 47 231 10,857
14 | 369 130 47 52.2 2,453.4 |43 51.4 2,210.2 |45 21 945 |43 36 1,548 43 36 1,548 4.6 25.7 1,146.2 43  32.6 1,402 4.5 27 1,202 45  28.89 1,300.1
15 | 369 640+ 46 343 15,778
16 | 362 150 4 41 20 820 42 19 798 40 18 720 41 18 738 40.5 10.8 437.4 40.5 10.8 437.4 40.7 14.3 582 41 16 656
17 359‘ 452 6 46.5396 18,414 45 274 12,330 45 216 9,720 45.5 216 9,828 46 183 8,418 47 180 8,460 46 291.6 13,414 46.5 220 10,230 46.5 320.4 14,898.6
18 | 354/ 150 46.5 54 2,511 45.5 54 2,457 45.5 54 2,457 38 54 2,052 36.5 33.2 1,211.8
19417 475 | 4|52 810 42,120 |52 540 28,080 | 52 540 28,080 |52 450 3,400 |52 450 23,400 |52 450 23,400 52 450 23,400 5L 405 20655 S0 300 18,000 | WIP=70V 7 b
m
3,215.2 1/min. 3,393.5 1/min. ‘ 3,042.8 1/min. 2,747.9 Imin. 2,446.8 1/min. 2,246.4 1/min. 2,095.1 1/min. 3,782.8 1/min. 3,564 1/min. 3,574.2 1/min. 3,519.1 1/min.
i b . " .
R A v 211,935.4 kcal/min.| 208,402.8 kcal/min.| 185,319.8 kcal/min.| 167,556.2 kcal/min. 165,547.7 kcal/min. 187,655.7 kcal/min. 174,188.9 kcal/min. 209,923 kcal/min. 203,414 kcal/min. 203,283.6 kcal/min. 186,042 kcal/min.
o . : — A i R |
321.5 I/min. 261.04 1/min. ‘ 234.1 1/min. 211.4 Jmin. 203.9 1/min. 187.2 l/min. 174.6 1/min. 291 1/min. 274.2 1/min. 238.3 1/min. 219.9 I/min.
1 by P i . . .
9 * 21,193.5 kcal/min.| 16,031 kcal/min. 14,255.4 keal/min.| 12,888.9 lcal/min. 13,795.6 kcal/min. 15,638 kcal/min. 14,515.7 kcal/min. 16,147.9 kcal/min. 15,647.2 kcal/min. 13,552.2 kcal/min. 11,627.6 kcal/min.
|
°C: #i{, lmin.: @i, keal/min.: JH#GE (0°C ).
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No. \ . ’ pH \ ER. J Na+ K+ Ca2+

1 24 7/5 268 58.0 38.36 tr. 81.23 61.64
2 42.5 9.3 208 95.0 92.94 tr. 6.284  7.06
4 51.5 7.4 1678 | 360.0 69.25 45 052 | 136.9 30.23
5 64.5 7.2 1598 | 350.0 67.35 5.0 0.54 | 145.4  32.10
8 82.5 7.8 1526 | 315.0 65.52 7.0 0.85 | 140.9 33.63
9 73 7.3 1502 | 270.0 62.75 55 0.74 | 136.9  36.51
1 65.2 6.9 776 | 160.0 65.26 3.0 0.71 | 72.70  34.03
12 62 7.3 540 | 114.0 69.21 3.0 1.08 | 42.64 29.71
13 45.5 7.7 424 | 100.0 74.02 1.0 0.44 | 30.07 25.54
14 4.6 7.2 330 96.0 77.00 tr. 24.99  23.00
16 40.5 7.2 412 74.0 77.13 tr. 19.11  22.87
17 46 7.6 1052 | 295.0 80.90 10.0 1.59 | 55.65 17.51
18 36.5 6.8 1236 | 330.0 81.35 7.0 1.01 | 62.35 17.64
19 52 7.7 3% 75.0 74.33 2.0 1.17 | 2154  24.50

T: R °C, ER.: ZRFEEE mg/l, KIS O LHE me/l, £ 2§z mval %.
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cl- HCO3~ S0%- | H:Si0s \
159.9  77.88 36.24 10.15 33.0 11.87 | 65.0 ‘
106.4  62.42 41.29 14.41 53.50 23.17 ‘ 49.4 BHR 5
640.0 86.45 24.16 1.89 116.9 11.69 94.6 AR
640.0 84.86 31.41 2.42 130.0 12.72 | 72.8 p
631.1 82.10 20.53 1.53 170.4 16.37 | 88.4 "
526.1 79.02 24.16 2.09 170.4  18.89 . 23.4 p
324.1 77.80 24.16 3.38 106.2 18.82\ 57.2 BAFTE 5
195.0 70.76 36.24  7.64 80.65 21.60 15.6 "
159.9 72.57 42.29 11.16 48.55 16.27 ‘ 62.4 "
134.7 68.25 | 24.16 7.12 65.84 24.63 41.2 "
95.54 65.43 24.16 9.61 49.38 24.96 | 62.4 "
475.1  85.40 60.41 6.30 62.55 8.30 ‘ 88.4 ot
566.2  87.89 24.16 2.21 86.42 9.90 ‘ 88.4 "
122.0 67.84 ‘ 48.33 15.61 \ 40.32 16.55 | 44.2 BRI S
"
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200 qo0 éco 800 ooq . [200 Moo X
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DX 5 EREEEOLERS OME, FoX i mBERICI D LONIBIEDL Z AW L
WL, o TS LT R EXRABRB LT L TEL.

5. {E¥ERHOEE
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B T R M

F3E BIURRKEERS %L

Sk mg/l TRT. R LA 4 vofE 2 ik mval %.

2 %? \ T \pH} E.R. ‘Na+‘ Car | CIF S0z~ HCO;
w38, 11 208.0 | 95.0 6.284 106.4 62.42 53.50 23.17] 41.29 14.14
w39, 12 262.0 6.416 89.64 56.69 55.96 26.12 46.76 17.19
B 33, 6 375.3 138.6 | 716.0 82.70/ 176.9 15.08 22.60 1.52
38, 11 1678 | 360.0 136.9 | 640.0 86.45 116.9 11.69 24.16 1.89
@ 39, 12 1430 130.4 | 675.6 83.64 156.4 14.30 28.57 2.06
w10, 4 1490 | 350.6 140.4 | 683.8 82.55 139.1 12.88 64.88 4.57
38, 11 1508 | 350.0 145.4 | 640.0 84.86 130.0 12.72 31.41 2.42
@39, 12 1475 138.3 | 638.0 81.43176.5 16.64 25.98 1.3
B34, 7 274.5 154.9 | 620.8 80.80/ 193.1 18.56 7.626 0.58
w38, 11 1526 | 315.0 140.9 | 631.1 82.11 170.4 16.37 20.53 1.53
39, 12 1278 142.6 | 592.8 80.24 177.4 17.72 25.98 2.04
w7, 11 354.4 157.1 | 695.4 82.01191.9 16.71 13.92 0.95
w38, 11 1502 | 270.0 24.99 | 526.1 79.02 170.4 18.89 24.16 2.09
w39, 12 1230 1130.8 |510.2 77.43 181.1 20.28 25.98 2.29
w13, 8 1050 | 237.9 91.43 | 449.0 77.63 159.5 20.35 20.15 2.02
@ 38, 11 776.0 | 160.0 72.70 | 324.1 77.80 106.2 18.82 24.16 3.38
@ 39. 12 717.0 }85.64 317.6 72.44 141.1 23.77 28.57 3.79
79,12 10156 | 226.4 115.4 | 433.4 150.2 5.83
w38, 11 424.0 | 100.0 30.07 | 150.9 72.57 48.55 16.27 42.29 11.16
w39, 12 359.0 2472 1248 64.26 61.31 23.30 41.57 12.44
w9, 11 352.2 72.1 | 248.4 38.6152.6 50.98 14.3 1.41
38, 11 330.0 | 96.0 24.99 | 134.7 68.25 65.84 24.63 24.16 7.12
@ 39. 12 277.0 25.78 | 120.7 62.30| 64.19 24.45 44.16 13.25
7 13, 8 127.1 71.1 |272.0 76.76 103.2 21.58 10.10 1.66
738, 11 412.0 | 74.0 19.11 | 95.54 65.43 49.38 24.96 24.16 9.6l
w39 12 285.0 18.10 | 84.68 55.18 52.26 25.14 51.96 19.68
4. 5 3192 85.7 |620.0 79.64 135.8 12.87 100.3  7.49
38. 11 1052 | 295.00 55.65  475.1 85.40 62.55 8.30 60.41 6.30
39. 12 993.0 48.16 | 399.6 77.77] 101.6 14.59 67.55 7.64
38. 11 326.0 | 75.0 21.54 | 122.0 67.84 40.32 16.55 48.33 15.61
39. 12 289.0 17.93 | 92.40 58.98 54.32 25.60 41.57 15.42
R °C, ER.: 7% mg/l,
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