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Non-volcanic Hot Springs from Deep Wells
in the Nobi Plains

Tetsuo MIvYAZAKI

Emeritus Professor of Nagoya University

Abstract

There are about 60 non-volcanic hot springs from deep wells ranging from 800 to
1,800 m deep in the Nobi Plains. The properties of the hot springs, such as depth of the
wells, temperature, and concentration of ions, are summarized. The anions in the hot
springs consist mainly of three ions of HCO;~, COs; 2, and Cl~ ions in various ratios, while
the val% of other anions are less than 1.7% of total anions. The distribution map of C1~
ions in hot springs deeper than 800 m under the Nobi Plains was made. The hot springs,
which contain Cl ions at high concentration, were found even in the region far from the
seaside. The origin of Cl™ ions was discussed by a model of fossil sea water before ca. 16
million years and/or a model of concentration of Cl™ ions.

Key words : Nobi Plains, Deep well, Hot spring, Origin of Cl~ ions, Fossil sea water,
Concentration of Cl™ ions
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Fig. 1 Hot springs from deep wells and geologic map in the Nobi Plains. The number corresponds to a
site of hot spring shown in Table 1. White area : Quaternary and Neogene (0 -24 Ma), Dotted area :
Paleogene and Mesozoic (24-200Ma). sk, %, andXrepresent the tops of Mt. Ibuki (1,377m in
height), Mt. Gozaisho (1,210 m in height), and Mt. Sanage (629 m in height), respectively. R. in Fig. 1
represents a river. A small figure in the left-hand square shows a position of the Nobi Plains in the
Japanese Island.
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Table 1 Hot springs deeper than 800 m under the Nobi Plains
&1 BEFEFOHT 800 m LILOKEERR
Site Site Depth | Temp. Cations (mg/1) Anions (mg/!) Measu-
number?| name” (m) (C) | Nat | cat? | K' Mg | Cl HCO, | CO, ? |rement®
1 Kiboso 1500 32.8 | 446.8 1.5 6.1 0.6 49.8 | 954.9|18.0 c-1
2 Green H. 1300 45.6 | 163.1 0.5 1.6 0.1 119.2 | 200.1| 6.0 c-1
3 Kataoka O. | 1200 44.1 164.9 4.9 108.8 | 218.4 c-1
4 Komono O. | 1300 47.7 | 114.5 3.8 1 0.1 35 235.5| 7.2 c-1
5 Ageki O. 1800 37.6 31.8 7.9 0. 0.7 2.3 95.2] 9. c-2
6 Yuyu. 1200 49 170.5 4.0 2.1 0.1 35.8 | 386.8| 7.2 c-1
7 Yoro O. 1700 42 1854 805 40 210.5 | 4375.7 | 567.2 c-3
8 Ikeda O. 1300 31.6 | 282.9 1.7 6.5 0.2 16.8 | 657.7/18.8 c-3
9 Nanno O. 1500 36.1 |3382 (2294 17.7 | 292.7 | 9965 130 c-2
10 Tado O. 1730 38.8 | 196.9 4.1 7.0 2.7 11.6 | 513.6|12.6 c-2
11 Yo. 1300 40 61 3.0 3.4 0.4 4.0 157.4| 1.5 c-1
12 Namiki O. | 1250 52.1 176 4.7 2.1 0.1 36.8 | 403.9| 6.0 c-1
13 Ta. 990 25.4 | 564.7 2.2 138.2 1.0 33.3[1293.6|65.2 c-3
14 Shinsei O. | 1290 32.8 | 201.5 1.7 2.1 1.3 32.8| 377.2|18.6 c-3
15 Anpachi O. | 1060 27.1 | 292.3| 57.9 3.0 13.5 | 430.4| 288.2 c-3
16 Kaizu-cho | >1000 1873 576.2 | 34.4 | 90.9 | 4213 22.9| 0.024 c-4
17 Kaizu O. 1370 48.0 | 2279 865.9 | 38.8 | 134.3 | 5589 206.9| 0.1 c-3
18 Hashima O. | 1260 38.3 | 946.2 (1173 21.9 | 239.2 | 4246 198.6| 0.1 c-3
19 Asa. 1700 51.8 | 552 39.1 6.9 1.8 750.2 | 255.7| 3.0 c-1
20 Gifu O. 1300 29.2 | 822.6|1046.6 | 23.8 | 190.5 | 3626.4 21.5 c-3
21 Sofue O. 1200 30.1 | 1150 365 13.0 | 71.8 | 2410 135 0.3 c-b
22 Owa. 1200 35 79.7 3.5 2.1 1.3 47.5 | 149.5 c-2
23 Eiwa O. >1000| 49.4 | 334 27.3 5.7 2.2 381 319 1.7 c-b
24 Nagas. 1 1300 58 278.8 9.4 5.2 1.3 88.2 | 625.4| 9.3 c-6
25 Nagas. 2 1400 52.3 | 180 5.2 2.5 80.7 | 335.6|10.2 c-1
26 Nagas. 3 >1000 201.9 6.0 11.9 0.2 70.5 | 450.5| 4.4 c-4
27 Nagas. 4 1600 54.7 | 122.6 3.6 1.7 23.4| 275.3] 6.6 c-1
28 Kiso. 1650 62.8 69.3| 16.2| 41.5 | 15.3 47.9 | 278.3| 5.1 c-7
29 Owari O. 1200 51.8 | 166.8| 11.5 6.3 0.7 129.9 | 273.3| 0.8 c-b
30 Kanie-cho | >1000 167.3 7.6 9.2 1.7 116.2 | 287.9| 1.6 c-4
31 Tomi. 1350 50.4 | 326 34.8 5.5 2.5 | 447 261 0.5 c-b
32 Yatomi O. | 1400 42.9 | 119 3.5 2.8 0.7 67.8 | 242 1.7 c-b
33 Ichi. 1100 32.0 | 1340 1710 16.1 | 215 5520 73.7] 0.1 c-b
34 Daina. 1100 42.2 | 175 30.4 7.5 3.4 286 10.5| 0.2 c-b
35 Coro. 1000 40.4 52.0 6.3 4.7 1.2 32.9 | 122.2 c-2
36 Toyo O. 1100 38.7 | 111 19.8 6.6 2.3 170 128 c-b
37 Tobi. 1 >1000 223.9 3.2 5.6 1.9 251.9 | 185.3] 0.7 c-4
38 Tobi. 2 1265 55 197 3.5 4.6 0.8 211 185 0.4 c-b
39 Reicho O. >1000 | 46.1 |2600 27.8| 39.6 | 13.1 | 2980 2060 2.5 c-b
40 Tokon. >1000 2059 699.7| 14.9 | 346.4 | 5342 75 c-4
41 Mihama O. | 1500 55.1 | 4490 6.5 23.8 2.3 | 4530 3910 |12.7 c-b
42 Uotomo 1300 50.7 |2230 112 17 27.9 | 3440 578 1.3 c-b
43 Shirasu. 1300 43.4 | 8730 470 120 104 14500 169 0.3 c-b
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Site Site Depth | Temp. Cations (mg/!) Anions (mg/l) Measu-
number?® name” (m) (C) Na® | Cat'? K* Mg*? Cl- |HCO,; | CO, ? |rement®
44 San. 1300 31.3 | 8340 981 145 490 16100 161 0.3 c-b
45 Ma. 1320 46.2 9850 | 1050 84.3 | 125 17100 79.4 c-b
46 Inuyama O. | 1500 45 102 4.6 3.8 1.2 1.2 256.5|13.5 c-2
47 Rakki O. 1000 28 682 799 3.5 0.2 | 2400 12.8| 1.7 c-b
48 Crown H. 1200 28.2 52.6| 14.7 1.3 1.7 67.1 90.1 c-b
49 Shirato. 1200 46.1 |2810 184 51.7 | 30.9 | 4800 169 0.2 c-b
50 JA. 1060 44.0 | 6205 33.7| 128.7 | 29.2 | 7518 |4027 c-2
51 Gon. 1500 56.4 | 9840 57.0| 78.6 | 25.5 |13900 1920 5.0 c-b
52 Nagak. 1800 33.2 | 510 58.4 1.3 0.2 | 897 9.6 7.1 c-b
53 Ware. 1300 25.1 | 1460 | 1240 4.2 0.4 | 4270 33.5| 0.7 c-b
54 Sanage O. | 1200 22 35.6 2.3 0.3 6.1 38.1[27.0 c-b
55 Taka. 1400 36.2 | 719.8| 468.3 5.8 4.5 | 1929 0.7 6.3 c-3
56 Oka. 1200 29.2 | 510 2.4 3.3 1.7 5.6 1180 |63.0 c-b
57 Ena. 1000 55 1629.313020.3| 12.3 | 46.0 | 7474.9 | 23.7 c-3
58 Inabu O. 1200 34.2 | 187 18.1 1.6 5.0 169 260 2.0 c-b
59 Naka. 1130 42 808 4 5.9 0.2 ] 285.5|1491.4 c-3
60 Hira. 800 34.4 | 247.8 .0 3.6 1.5 70.1 | 470.438.4 c-6
61 Kuwana O. | 800 48.7 | 328.6| 51.3| 19.6 | 25.5 | 579.1| 189.9| 3.6 c-1
62 Fujimi O. 800 30.4 16.0 5.9 3.2 0.8 9.1 57.8 c-b

a.Sites of hot springs are shown in Fig. 1. b.Abbreviations in this column are as follows. H. : hotel, O.
:onsen, Yuyu. : Yuyu kaikan, Yo. : Yokkaichi onsen, Ta.: Tanigumi onsen, Asa. : Asahi no yu, Owa.
: Owaritenou no yu, Nagas. 1.: Nagashima onsen Nabana no sato, Nagas. 2: Nagashima onsen
Kurhaus, Nagas. 3 : Nagashima-cho, Nagas. 4 : Nagashima onsen Yuami no shima, Kiso. : Kisosaki
onsen, Tomi. : Tomiyoshi onsen, Ichi. : Ichinomiya onsen, Daina. : Dainagoya onsen, Coro. : Corona no
yu, Tobi. 1: Tobishima-mura, Tobi. 2 : Tobishima onsen, Tokon. : Tokoname-shi, Shirasu. : Shirasuna
no yu, San.: Hotel Sanmikan, Ma. : Hotel de marronnier Utsumi, Shirato. : Shiratori no yu, JA.: JA
Aichi-chita, Gon.: Gongitsune no yu, Nagak.: Nagakute onsen, Ware.: Waremeike onsen, Taka. :
Takasago onsen, OKka.: Okazaki Takechiyo onsen, Ena.: Enakyo yumoto onsen, Naka.: Nakatsu-
gawa onsen, Hira.: Hirabari Tokai kenkosenta. c.Concentrations of ions and temperature were
measured by the following institutes. c-1 : Mie Prefectural Institute of Public Health, c-2 : Nagano
Pharmaceutical Association, c¢-3: Gifu Prefectural Institute of Public Health, c-4 : Architectural
Institute of Japan (Tokai), The Japanese Geotechnical Society (Tokai), and Nagoya Jiban Chosa
Kenkyukai(1969), c-5 : Aichi Prefectural Institute of Public Health, c-6 : Hot Spring Research Center,
c-7 : Gifu Pharmaceutical University.

a. HRROEFEM1IRT. b, COMOKSETROEBY THS. H A5, O iR Yuyu:
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Kiso. : AR SR, Tomi.: &R, Ichi.: —=ESR, Daina.: K& HEESR, Coro.: 20+ D%, Tobi.
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Ve K« wo=xN#E, Shirato.: HEDE, JA.:JA HWVWEHE, Gon.: TAXDWDE;, Nagak.: EA
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KRB ADIFERT, c-6 « FRIRIRIZEAT, c-7 @ I RARIR,
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Fig. 3 Distribution of ClI™ ions in hot springs deeper than 800 m under the Nobi Plains. The val ratios of
Cl™ ions in hot springs are classified by the following three cases. © : larger than 2/3, [[]: 1/3-2/3,
A\ :less than 1/3. Horizontal lines show the area where the ratios of Cl~ ions in hot springs are
larger than 2/3. A dashed line is drawn between tops of Mt. Gozaisho (%) and Mt. Sanage (X) (cf.
Fig. 6).
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Fig. 4 Comparison of ions in hot springs from

deep wells with those in present sea water.
The values are represented by weight ratios
(100 times) of ions to CI~ ions. —@—:
present sea water (Demayo, 1985), []
Nagakute onsen (No. 52 in Table 1), A:
Hotel Sanmikan (No. 44 in Table 1), O
Shiratori no yu (No. 49 in Table 1), X
Kisosaki onsen (No. 28 in Table 1).
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GIPNER (F1 0FS 28).

Table 2 Effect of present sea on Cl~ ions in underground water and hot

spring from deep wells

R 2 HWTKERRERRPOCl A F VICxT 3RBKOZE

Concentration of Cl™ ions (mg/I)

Depth
(m) Nagashima Kaizu
(at seaside) (20 km far from seaside)
20-90# 1500-2000 10-100
90-150* 20-100 0-10
150-230* 20-50 0-10
1400-1600" 23.4 5589
a. Sugisaki (1985). b. cf. Table 1.

a. K2 (1985). b. &1 &M
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Fig. 5 Relation of difference (y) from sea water to
the inverse (x) of val ratios of CI” ions in hot
springs from deep wells. @ :data of hot
springs. A solid line is a best fitted line for the
data, represented by an equation of y=62.017x
—25.839.
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Fig. 6 Differences from sea water and ratios of vals of anions ([HCO; +COs; ?]/[Cl"]) of hot springs
from deep wells along a line between Mt. Gozaisho and Mt. Sanage (cf. a dashed line between *
and Xin Fig. 3), shown in the upper figure. O : difference from sea water, A : ratio of vals ([HCOs
+C0O; ?/[CI"]). Geologic structure along the line between Mt. Gozaisho and Mt. Sanage, shown in
the lower figure. White zone : Quoternary and Neogene (0-24Ma), Dotted zone : Paleogene and
Mesozoic (24-200 Ma).
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Fig. 7 Val ratios of (HCO; +CO; ?) ions and Cl~ ions against concentration (mg//) of Ca*? ions in hot
springs from deep wells. Concentration of Ca*? ions is represented by a logarithmic scale. O :
(HCO; +COs %) ions, @ : Cl™ ions.
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