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On the Flow of Thermal Water at Onogawa Hot Springs Area,
Yamagata Prefecture

Tatsuo TOKAIRIN, Mamoru SAKURAI and Ikuo SUZUKI
(Pharmaceutical Section, Yamagata Prefecture)
Yasuzo HATTORI, Yasushi MASHIKO, Noboru HOS0YA,
Koji SATO and Yasuo KANROJI
(Hot Spring Research Center)

In Onogawa Hot Springs area there are found about thirty wells obtained by boring to
get thermal water on the plain of alluvium sediments.

The levels of the thermal water in these artificial well are almost the same as that of
ordinary ground water in this area. The thermal waters rise along the fault running through
the tuff and shale of Miocene and flow slowly north by west under the pressure of under-
ground water in the alluvium sediments. The ground temperature measured at one meter
depth under the surface was the highest at the southern part of the hot springs area and as
seen in the pattern of contour lines, the temperature decreased quickly to the eastward and
the southward, and gradually to the northward and the westward from the highest point.
The thermal water of these wells belongs to a common salt spring type containing hydrogen
sulphide. Both water temperature and the contents of major components of the water
are high at the southeastern part and low at the northwestern part of the hot springs area.

While the radon and bicarbonate contents of water increase as the temperature of water

decreases.
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1w B
2 » () |60.6|14.4|60.0| 4.7 |60.8|14.4|60.5 S 650 45
a ad
3 | EBEE 67.0 | 7.5642.0 | 4.3 |65.7 | 8.6 |42.0| 4.5|49.5| 5.4
4 |mFER(%) | 70.2| 3.96 67.4| 8.5|70.0| 4.5|67.5|11.4 |67.0 | 21.6
5
6 | & E(E) |62.0]30.6|61.5]|14.6|62.5/33.3|67.0|14.0 | 64.0 | 10.8
7 P = 54.0 | 23.6 | 65.0 | 27.0
8
" 43.0 | 23.8 64.0 | 14.4| P
9 | BAR 56.0 | 43.2 | 6301238 1 56,7 | 44.5 | 71.0 [ 30.1 | 220 | 1.4
10 | AR 72.0 | 43.74 75.0 | 39.1 | 72.8 | 47.3 | 75.0 | 40.0 | 72.5 | 45.0
11 | GwE 62.0| 9.0 /60.0|11.6 | 61.8|14.0 | 69.2 | 16.2 | 68.0 | 18.0
12 | me 73.3 | 21.6 | 72.0 | 11.7
B3 |® B 70.0 | 45.0 | 62.0 | 11.2 | 70.6 | 46.3 | 59.0 | 9.9 | 59.0 | 27.0
“ | B B 73.0 | 54.0 | 60.5 | 15.0 | 73.5 | 48.6 | 62.2 | 11.7 | 61.8 | 27.0
15 | n 58.0 [ 27.0 | 70.2 | 17.0 | 59.4 | 27.0 | 69.0 | 18.7 | 69.8 | 19.8
16 | L)IE 70.5 | 33.5 | 70.2 | 34.2 | 70.5 | 34.2 | 70.2 | 39.6 | 71.3 | 39.6
17 | % 3 (:R) | 69.0 | 40.5 | 67.5 | 25.2 | 69.5 | 41.4 | 69.0 | 52.0 | 70.4 | 21.6
18 |5 E(12) |63.0|18.0|56.7 | 13.4 | 63.2 | 18.9 | 60.0 | 10.8 | 60.2 | 14.4
19 - 65.2 | 13.5 | 65.0 | 13.5
20 | & #%(kR) | 74.0 | 12.6 | 75.3 | 47.7 | 74.1 | 13.5 | 74.5 | 25.4 | 75.0 | 39.6
21 e 52.0 | 34.74 46.7 | 40.1 | 52.4 | 34.2 | 49.0 | 18.7 | 50.6 | 18.0 |
|
22 | 3 44.0 | 18.0 | 45.0 | 22.1 | 44.6 | 21.8 | 46.0 | 27.0 | 45.0 | 72.0 |
23 | BEE 44.0 | 19.8 | 55.0 | 46.4 | 44.2 | 21.2 | 46.5 | 47.2 | 56.8 | 45.4
21 | A K 48.0 | 7.92 53.0 | 12.6 | 49.0 | 8.1 | 54.0 | 13.5 | 55.5 | 11.7
2% | ® A7.0 | 21.6 | 53.5 | 16.5 | 48.1 | 23.0 | 55.2 | 18.9 | 57.0 | 18.7
2 | e 58.0 | 8.1|52.2|67.5|57.5| 9.0 48.0  9.9|53.6| 5.4
S 46.0| 9.0 46.2| 9.0
277 B & 620 | 506 |63.8|49.3| 8221 9-0 638 | 31.0 | 63.7|48.6| P
28 | NIl | 61.0 | 19.8 | 57.0 | 9.5 | 62.8 | 22.3 | 57.8 | 21.1 | 58.2 | 20.7
29 | AKR 66.9 | 14.4 | 46.0 | 12.9 | 67.0 | 13.5 | 67.5 | 16.2 | o2-0 | 13-
. R RINEBE LY
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35. 11. 9~11 36. 1. 23~25 8. 4.13~15 |  36.6. 23~24
AR BHE fF % | RE BHE O F | AR BHE 8 | BE FHE H o2
65.5 | 18.0 | p 63.5 | 18.0 | P 67.5|18.0| p
65.0 | 13.5 66.2 | 7.2 66.5 | 7.2 66.7 | 7.2
4.8 4.1 34.8| 3.6 36.9 | 4.5 45.5| 7.2
62.1 | 21.6 64.0 | 19.8 67.0 | 25.2 67.1 | 24.3
60.4 | 15.3 62.0 | 10.8 63.0 | 10.8 63.6 | 10.8
64.7 | 27.0 64.0 | 27.0| p 65.0 | 27.0| p 65.0 | 27.0| p
64.1|21.6 p 62.1|21.6| p 62.5|21.6| p 62.8 | 21.6 | P
70.9 | 477 p 73.8 | 41.4| p 71.0 | 40.0| p 71.3|39.6| p
66.4|18.0 p 68.0 | 18.0 | p 67.0 | 18.0| p 67.0 | 18.0| p
71.5|15.3| p 73.0 | 27.0| P 73.4|27.0| p 73.427.0| p
50.0 | 27.0 | p 65.5 | 18.0 | p 58.0 | 18.0 | p 58.5|18.0 | p
61.5|27.0 p 62.0 | 27.0 | p 67.0 | 27.0| p 67.5|27.0| p
68.5 | 18.9 65.0 | 14.4 660 | 14.4 69.1 | 14.4
71.2 | 39.6 69.8 | 43.2 | p 70.5 | 45.0 | p | 70.4 | 45.0| p
70.2 | 2314 69.6 | 21.6 69.5 | 21.6 69.7 | 21.6
60.4|15.3| p 61.2| 180 p 62.5|18.0 | p 62.5|18.0| p
65.6 | 13.3 | P 64.8 | 14.4 | p 65.2|14.4| p 65.4 | 14.4| p
73.6 | 32.4| p 74.0 | 36.0 | p 75.5|36.0| p 74.6 | 36.0| p
50.4 | 18.0| p 50.3|18.0| p 49.019.8| p 50.5 | 21.6 | p
Ca
45.2 | 72.9 4.3 | 72.0 45.1|72.0 45.6 | 72.0
57.2 | 46.8 55.0 | 45.0 56.0 | 46.8 56.7 | 44.1
54.9 | 19.1 53.8 | 9.9 54.5 | 10.8 53.9 | 10.8
57.5 | 11.0 54.8 | 18.0 56.0 | 18.0 56.3 | 18.0
51.2| 4.3 47.6| 7.2 51.0 | 9.0 54.7 | 9.0
63.5 | 46.3 | 'p 61.5 | 48.6 | P 62.8 | 48.6 | p 65.6 | 48.6 | P
59.1|21.6| p 58.2 | 27.0| p 60.0 | 27.0| p 62.2 | 27.0| p
5153126 P)IIEL Y ‘
oL 2| A28 e e B Islus 2.6 49.0 | 10.8 [0 45.1 | 10.8
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o R %iﬁ% PH ST TR K i¥Na Ca Mg

C mg/l mg/l mval mg/l mcval mg/“mval mg/l mval
| % %o % %

1 WOBR 68.5 | 7.0 5833 100.0 | 2.87 | 1410 | 61.31] 495.6? 27.72) 5.592 0.51
2 »  (IH) 71.3 | 6.8 6441 | 98.00; 2.65 | 1500 | 69.03| 525.6 27.76/ 5.592 0.49
3 EEdCa= 58.5| 6.9 5232 [116.0 | 3.57 | 1320 | 69.12| 444.4 26.72 5.108 0.51
4 PR (3 68.0 | 6.8 5973 | 99.20  2.77 | 1450 | 68.74| 512.0 27.86, 5.884 0.53
5 v (%) 55.5 | 7.0 5379 [118.0 | 3.63 | 1300 | 68.02 461.6* 27.71| 5.352 0.53
6 f, B 70.0 | 7.0 5556 [120.0 | 3.59 | 1340 | 68.09 474. 8‘ 2’7.69‘ 5.252 0.50
7 r( 67.5|6.75 | 5298 |112.0 | 3.61 | 1240 | 67.88| 444. 0} 27.89‘ 4.960 0.51
8 r o (34) 46.5| 7.0 4726 | 96.00 3.56 | 1090 | 68.66, 374.0 27.04/ 5.108 0.51
9 FARE 63.0 | 6.95 | 4898 [100.0 | 3.48 | 1120 | 66.32 434.41 29.52/ 5.008 0.56
10 AR 74.8 1 6.80 | 6166 (100.8 | 2.80 | 1475 | 69.72 495.6 26.88 5.644 0.50

‘ | ‘

| | |
11 R 68.8 | 6.8 | 5893 [102.0 | 2.89 | 1475 | 70.95 462.81 25.55| 5.592 0.51
12 Tl SE 75.6 | 7.0 5864 [108.0 | 2.88 | 1575 | 71.33| 484.8 25.20 5.834 0.50
13 #H B 59.0 | 7.0 4660 [100.0 | 3.44 | 1230 | 71.85 359.1! 24.08| 4.864 0.54
14 5] 69.0 | 7.0 5906 [102.4 | 2.74 | 1575 | 71.66| 480.0, 25.06/ 5.448 0.47
15 . 73.8 7.0 6193 108.0 | 2.94 | 1538 | 71.13 477.2 25.33 6.08()i 0.53
16 L1 72.0 | 7.0 5957 | 96.80] 2.73 | 1425 | 68.26 516.8 28.41 5.544? 0.50
17 e W (GEE) 70.0 | 7.0 5852 104.0 | 2.89 | 1450 | 68.44| 517.6| 28.04) 5.984| 0.53
18 B E(1%E) 57.5 | 7.0 5166 [110.0 | 3.56 | 1230 | 67.72 444.0 28.05 5.352‘ 0.56
19 v () 65.0 | 7.0 5864 [104.0 | 3.00 | 1400 | 68.60, 494.4 27.80 5.352 0.50
20 JB & LR 74.7 | 7.05 | 6033 (102.4 | 2.83 | 1475 | 69.30 506.0 27.29 5.352’ 0.48
21 ] 49.3 | 7.0 4930 |107.0 | 3.50 | 1230 | 68.35 430.4| 27.45 5.352 0.56
22 5 R 46.0 | 7.1 5011 | 84.00 2.76 | 1230 | 68.78 433.6| 27.83 4.960 0.52
23 BIRE 69.8 | 7.25 | 5476 [112.0 | 3.48 | 1280 | 67.66 464.8 28.20 5.496| 0.55
24 L K 56.8 | 7.0 5257 |112.0 | 3.55 | 1260 | 67.82 452.4 27.95 5.592 0.57
25 = 54.5 | 7.05 | 5140 |112.0 | 3.55 | 1260 67.82“ 452.4) 27.95 5.592 0.57
26 e 50.8 | 6.9 4522 | 95.00) 3.55 | 1060 | 67.33] 388.0 28.28 5.908 0.71
27 B9 # 64.5 | 7.1 5140 [114.0 | 3.44 | 1340 | 68.74 461.2 27.14 5.644) 0.55
28 INER)I[ AT | 63.0 | 7.05 | 5714 [120.0 | 3.59 | 1340 | 68.12 474.0 27.65 5.592 0.54
29 ARIR 68.2 | 7.15 | 5753 |126.0 | 3.61 | 1400 | 68.16 492.8 27.54 6.372| 0.59
30 7 lE 70.0 | 7.0 5801 |129.6 | 3.66 | 1420 | 68.20 499.2 27.51 5.884/ 0.53
3 ﬁ( 71 #F F 13.0|6.5 70 0.75 1.98 | 2.0 | 9.07 11.13 57.88 3.62531.07
FEr&EEA | 14.0 | 6.5 177 6.516.50 | 19.0 | 32.30 23.68 46.23 4.656‘14.97
; LLIDﬁH}'y*‘IZfE%tFF 20.0 | 6.2 158 5.0 | 5.14 | 39.0 | 68.15 10.47 21.00 1.729‘ 5.71
7 $aRTARIEE | 14.0 | 6.4 122 7.5 10.89 | 18.0 | 44.32 13.43 37.98 1.463 6.81
K HEMIET | 22.0 6.7 52 0.8 251 | 5.0|27.21, 8.66 54.17 1.56316.11
% MR EH A 20~21 6.1 90 2.75‘ 5.21 | 12.5 | 40.56| 12.77| 47.51 1.097; 6.72
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RIESH (B6R) OEME, BWEEBHEOS S EFERCERYRT. =FL, RES
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Cl= SO2- HCOs~ WEEfEE /3 (mg/l) -
| ‘ B (mg/l) |7 P (= o)

mg/l |mval %| mg/l mval% | mg/l |mval% CO, H,S
3110 96.83 | 72.42 | 1.67 82.98 | 1.36 16.72 | 3.72 5389
3287 96.65 | 80.65 | 1.75 93.36 | 1.60 14.52 | 4.97 5721 2.335
2766 95.87 | 83.06 | 2.25 93.36 | 1.88 14.52 | 4.29 4958 3.613
3205 96.62 | 81.48 | 1.81 89.70 | 1.57 18.05 | 3.24 5557
2868 96.62 | 73.25 | 1.82 79.93 | 1.56 11.88 | 1.69 4954
2964 96.22 | 94.65 | 2.27 79.93 | 1.51 14.52 | 3.25 5194 3.317
2973 96.90 | 60.08 | 1.55 76.27 | 1.55 16.72 | 1.98 5014
2294 96.45 | 56.79 | 1.76 73.22 | '1.79 11.88 | 0.27 4086 5.017
2482 96.28 | 72.42 | 2.07 73.22 | 1.65 12.76 | 2.96 4381 3.402
3262 96.62 | 94.65 | 2.07 76.27 | 1.31 15.84 | 4.22 5624 2.30
3173 96.69 | 81.89 | 1.84 82.98 | 1.47 9.68 | 2.88 5488 3.01
3230 96.97 | 79.01 | 1.75 73.22 | 1.28 16.72 | 3.54 5658
2475 96.83 | 62.55 | 1.81 59.80 | 1.36 11.88 | 4.44 4384 5.935
3241 96.72 | 88.88 | 1.96 76.27 | 1.32 18.92 | 3.84 5693
3255 96.78 | 86.42 | 1.90 76.27 | 1.32 14.52 | 2.47 5651 2.646
3163 96.87 | 72.84 | 1.65 82.98 | 1.48 14.52 | 3.50 5485 7.686
3188 96.76 | 84.36 | 1.89 76.27 | 1.35 18.92 | 4.93 5563 11.33
2691 96.77 | 69.13 | 1.84 66.51 | 1.39 1180|235 4717 18.01
3035 96.71 | 79.83 | 1.88 76.27 | 1.41 16.72 | 0.14 5309
3131 96.64 | 79.42 | 1.81 86.65 | 1.55 14.52 | 1.62 5480 0.7295
2638 96.66 | 49.79 | 1.35 93.36 | 1.99 14.52 | 3.57 4651 42.43
2695 96.35 | 65.84 | 1.74 92.14 | 1.91 16.72 | 4.26 4707 10.43
2911 96.39 | 68.72 | 1.68 | 100.1 1.93 11.88 | 5.17 5041
2766 96.43 | 67.90 | 1.75 89.70 & 1.82 14.52 | 4.07 4908
2780 96.39 | 65.43 | 1.67 96.41 | 1.94 14.52 | 3.54 4878 13.05
2379 96.37 | 57.61 | 1.72 81.15| 1.91 18.92 | 2.58 4184 6.328
2872 96.90 | 56.38 | 1.40 86.65 | 1.70 9.68 | 2.87 5037
2925 96.50 | 73.25 | 1.78 86.65 | 1.66 11.88 | 4.37 5135 3.957
3035 96.97 | 55.96 | 1.32 92.14 | 1.71 11.88 | 3.84 5307
3085 96.55 | 75.72 | 1.75 93.36 | 1.70 14.52 | 5.92 5412 6.772
10.48 11.95 | 8.230 | 16.12 46.64 | 71.93 86.88 2.73
43.43 54.12 | 13.16 | 12.11 46.64 | 33.77 167.
38.94 47.93 | 0.823 | 0.75 71.96 | 51.32 180.0.
13.47 23.98 | 13.99 | 34.66 39.98 | 41.36 132.3
4.496 | 17.66 | 7.407 | 21.48 26.65 | 60.86 72.57
23.95 47.91 | 9.053 | 13.37 33.31 | 38.72 107.9
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@%% Na+ - — = 15~ [# 22—
= a1 a Caz+ Cl SO, 7 A
W A & | AR PH o | melt | mel | mell | mel | <u~ Ll
1 0 E |625| 6.8| 5722 | 1509 | 510.6 | 3265 | 84.36 | 4.369 | 15.81
4 = F B |65.0| 7.0| 5840 | 1549 | 507.2| 3301 |107.8 | 3.913 | 14.23
7 fa, E |61.0| 6.9| 4755 | 1316 | 430.6 | 2791 | 82.30 | 4.766 | 17.33
9 # A& B |715]| 7.2| 5715 | 1529 | 525.7 | 3286 | 92.59 | 3.435| 12.49
10 )% & B |72.9| 6.7| 5787 | 1563 | 505.7 | 3317 | 100.8 | 3.669 | 13.34
11 W W R |62.7] 7.0| 5592 | 1512 | 510.6 | 3245 | 97.94 | 3.347 | 12.17
13 4 E | 65.0| 6.9| 5422 | 1468 | 504.2 | 3161 | 108.6 | 3.537 | 12.86
14 G E |64.1| 6.8| 5788 | 1572 | 508.6 | 3337 | 91.35| 3.064 | 11.14
15 in} u} 64.0 — o — e — — 2.970 | 10.80
16 i Jil B |69.5 7.0 5610 | 1501 | 487.0 | 3193 | 79.42 | 6.498 | 23.63
17 1 % 1 69.5| 6.8| 5725 | 1553 | 491.2| 3286 | 81.48 | 7.282| 26.48
19 1B E |62.4| 7.0| 5670 | 1503 | 506.2 | 3232 | 85.59 | 8.545| 30.74
20 iz % | 74.1| 6.9| 5823 | 1548 | 526.3 | 3316 | 107.4 | 4.103 | 14.92
21 = B 2 |51.3| 6.8| 5083 | 1373 | 441.6 | 2911 | 78.19|30.86 | 112.2
22 HE B |50.6| 6.8| 5239 | 1410 | 472.2 | 3018 | 89.30 | 25.65 | 93.29
23 Z g B | 58.3| 6.8| 5434 | 1436 | 492.9| 3081 | 99.58 | 16.96 | 61.68
25 ) & |54.0| 6.9| 5158 | 1398 | 438.6 | 2948 | 83.12 | 9.589 | 34.87
28 INEFJI[ A&7 | 60.6 | 7.0 | 5533 | 1426 | 517.0 | 3127 | 81.07 | 4.479 | 16.29
30 2 mbE | 67.8] 7.0| 5561 | 1471 | 514.3 | 3201 | 83.12 | 5.050 | 18.36
L 44.3| 6.9 | 4563 | 1207 | 397.2| 2578 | 72.58 | 29.45 | 107.1
AR E | 53.1| 6.8 | 4674 — == — — | 7.887 | 28.68
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e BEM - IUR FEESFESVTRD 20°C L ETHOFAF LY IEETH D, WELE -
OGRS - BESROEHEFIZVTREF PV Y A8 IHEEA 4 VD I VAL Y5BE%L,
BRIKDBEAR G DN S,
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%J% Ty Tu-Ts %J%E Ty | Tu-Ts %F.i; Ty TuTs %g Tu | Tu-Ts
1 18.0 3.9 10 16.8 2.7 19 14.1 0 28 11:5 0
2 18.6 4.5 11 22.3 8.2 20 18.0 3.9 29 13.0 0
3 16.0 1.9 12 52.1 38.0 21 37.0 22.9 30 21.0 6.9
4 B7.5 43 .4 13 38.1 24.0 22 38.7 24.6 31 16.0 1.9
5 67.6 53.5 14 35.5 21.4 23 45.0 30.9 32 23.0 8.9
6 44.6 30.5 15 50.8 36.7 24 15.5 1.4 33 21.8 7.0
7 16.8 2.7 16 31.7 17.6 25 17.6 3D 34 13.2 0
8 14.5 0.4 17 41.5 27 .4 26 17.0 2.9
9 14.8 0.7 18 19.3 B2 27 11.0 0

Ts: JrEsFoEdEmE 14.1°C g (1951) X3
Ta: YEME
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