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Studies on Formation Mechanism of Thermal Springs by the
Analysis of Their Chemical Compositions I

An Outlook of Topographical Situation and Geological Formation
and Chemical Composition of Waters in Iizaka Spa.

Tokuichi MIYANAGA
Fukushima Prefectural Institute of Health

Yasushi MASHIKO
Hot Spring Research Center

Various investigations on temperature, amount of water pumped up and contents of
chemical components in the water of lizaka Spa were carried out to explain the mecha-
nism of the water flow and the cause of temperature drop and decrease of dissolved
components. Thermal springs in Surikamigawa area can be characterized from other
springs in lizaka by temperature, amount of water and various components.
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Fig. 1. Topographical Map of lizaka Spa.

I: First water collecting station for water works.
II: Second water collecting station for water works.
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Fig. 2. Geological Map of lizaka Spa

Tennoji Formation................. ... ... ..... Sand and Gravel
Anabara Formation........... ... ... ... ... ..... Tuff-breccia
Totsuna Formation....................cccovenn.. Green-tuff and Tuffaceous Shell’

Numerals correspond to the boring numbers shown in Table I.
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Fig. 3. Core of the Test-boring Wells in Iizaka Spa.
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Fig. 3. Core of theiTest-boring Wells in Iizaka Spa.

’fable I. Test-boring Wells in Iizaka Spa.

. Amount of water |[Sample numbers
B%(l)ng Location Boring date Depth | Temp. pumped up as shown in
(m) (oc) (l/mln) Table II
1 ¥ 5 L # Sep. 1956 —360 43 not measured —
2 Ju % 8 Jul. 1957 —200 68 207.0 15
3 ¥ F Bl 41 1957 —300 37 180.0 63
4 HOBE (RE) 1957 —300 17 - —
5 | I3 B 1958 —300 | 48 720.0 62
6 A T 1 1958 —260 75 174.6 22
7 5 ) 21 Nov. 1958 —285 53 131.4 21
8 A i 50-6 1959 —245 67 158.4 23
9 5 IR 22-m Sep. 1959 —150 57.5 190.8 20
—180 59 225.0
10 JU W 32 Nov. 1960 —9230 54 158 4 16
11 —ARH (R AL Sep. 1961 —200 84 208.8 24
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ST DX SAIBIKIBR OVE SR 63 T, RREHT (F 23.8.9) % ORI 25 £ LIRR S3HT
TiTls o, 20 63 HERREREERDOG LA ELI Y Y, REMADR DL O TERDIT
DL 1,2 BE2DHTTERRN,
pPH, ZRZELLCCHIEAR L Lbic—&E 1L C Table II ©wRT, F7, chboi
BEROFEA Fig 4 WRT,

S, M 39 Fic Zh b DFERHF D DL DN T—F T AT » T ki A Table
IIT R4,

CHhDOSITHRERD 55, ZERSERY B, RiE,

Table III. Analytical Results of Major Components.
Sal\rTr;p le Spring site ’It‘flglrpr)r'l;ﬁf pH rg‘s(;ttialllle F- Cl- Soiﬁ W?tléll? Lllartlltrp%fed

: water (ppm) | (ppm) | (ppm) up (//min)
A 4 + # H 28 52.5 8.25 597.2 5.0 78.72 | 242.8 60
A9 EIEMT  26-3 39.0 8.25 456.00 3.2 64.57 | 173.0 68
Al0 ” 27-2 43.0 8.32 526.6/ 4.0 71.83 | 216.0 30

11 s E 1 68.5 7.95 992.00 6.0 133.5 | 421.7

12 ” 21 69.0 7.88 983.6/ 7.0 134.2 | 423.0 120

13 ” 25 61.0 7.92 918.8 6.0 115.5 | 395.4 90

17 O 4y 8-4 69.5 8.05 | 1026 8.0 138.2 | 444.1

18 ” 9 66.0 7.70 956.8 6.0 132.4 | 417.1 60

26 PEdEYy  18-2 62.0 8.05 915.20 7.0 117.2 | 389.3 120

27 ” 22-5 74.0 8.05 960.0, 7.0 129.1 | 421.0 60

28 ” 24-3 65.0 8.15 934.0f 7.0 120.8 | 385.5 54.5

29 " 26-4 68.0 7.85 915.6| 6.0 119.7 | 388.1 67.5

30 " 27 73.5 7.90 | 1122 8.0 124.1 | 396.7 127.1

31 " 39-3 67.0 7.40 946.4) 6.0 122.2 | 390.9 42.9

32 IR o 4-4 64.0 8.10 886.4) 7.0 119.7 | 383.7 60

33 " 6-4 47.0 7.45 583.6 5.0 70.74) 220.1 16

34 " 6-6 67.0 8.05 884.4] 7.0 120.1 | 382.2

35 »  10-5 60.0 8.05 853.2 8.0 111.0 | 354.5 56.8

36 " 13 59.0 8.05 803.6/ 7.0 108.8 | 347.5 61.5

37 N TE 34-2 65.2 8.10 928.4/ 6.0 125.5 | 397.7 108

39 Fooo 3 70.0 7.85 891.6/ 5.0 120.1 | 385.8 64.8

41 ” 17 53.0 8.00 853.2| 5.0 113.9 | 359.5

42 &% B 45 72.0 7.90 923.20 6.0 120.1 | 383.4 48

43 ” 46-4 56.0 7.85 761.2] 5.0 101.9 | 324.3 34.3

44 ” 48-3 56.0 8.10 730.0f 5.0 96.46/ 303.9 31.1
53 % / Lk 13 26.0 8.50 ’ 192.4 0.2 21.40  49.22| 2 (Yuno Spa)
56 g/ £ 2 18.5 8.30 208.0‘ 2.0 20.68 36.71 60 (  » )
/A\60 ” 16 19.0 7.55 196.00 1.2 26.12) 4559 7 ( » )
A61 ” 32 40.0 8.20 422.0‘ 3.6 54.05 156.7 | 9.2 ( » )

I

(Sampling date:

Feb. 27th~Mar. 2nd, 1964)
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Fig. 4. Locations of Thermal Water Wells in Iizaka Spa.
Numerals correspond to the sample numbers shown in Table II.

21 % =]

RIREBE S D RIET 46~60°C 04 o258 % 5D, 46°C DIFTR IO 71°C DIkt oo
Ltz sethoiy 10% w2 (Fig. 5).

Hlsk BN L AR IR IR SR R SR o I ofF R (Table IIT o A THIY), Hae# BJIT
LEOHEFRREMRICIIEREOELELE W EXEREYET S,
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2.2 pH
pH GREE=IckE

Tishb, 7.6~8.0 Od O ELHH LD,

A

1%

TELTHIFABREC L DHELME % Fig. 6 R4,

A koK 15% i Ein\,

46~ 50
51~55
56~ 60
61~65
66~70
31~40
41~45

71~75
(O

10 20. 30 40 %
| 18
1’?
3
l 10

B 3

Total 63 Wells

Fig. 5. Histogram of Water Temperature.

20 30. 40 50 60 %

7.6~8.0

36

7.1~7.5

17

8.1~8.5

~7.0
(pH)

23 £ E K &

11|

7

3
Total 63 Wells

Fig. 6. Histogram of pH-value.

RRKBFR ORI RIS »F+ v Tz Nat, 7=4v iz SO 2 1 KT,
WC ClIm ogFENE . DITFEE LT, MYEUNiHAREAREHERELRC LD,
DRTEAERAETRE VI LRSI X D ERBL 72,

231 HER®E

EFRZRE (EEWHRE) % Fig. 7 ©wRd,
Tl bEFEREN 801~1,100 mg/kg D3 DIGEEKTH S, Fi 500mg LIFR I
1,100 mg VI EDod 0DEEHRIAeKkD 10% T Eicw, 7ok 90l mg/kg Dl Eod o 27
i RO ok 1 HFiedERvwo L REEYEST 5,

70 U TFTod ok 8.1 LIEod onser

)

o
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10 20 30 %
801~ 900 1t
901~1000 13
1001 ~1100 12
501 ~600 6
601~700 9
701 ~800 6
251~300 2
301~ 400 I
401~ 500 1
101~1150 2

(mg/kg) Total 63 Wells

Fig. 7. Histogram of Total Residue.

10 20. 30 40 50 %
10.1~20.0 15
20.1~30.0 I 22
~10.0 I 16
30.1~40.0 5
40.1~ 5
(mg/kg) Total 63 Wells
Fig. 8. Histogram of Potassium Ion.
10 20 30 40 %
176 ~200 7
201~225 4
226~250 —| 10
251~275 ] 15
151~175 14
126 ~150 6
~100 3
101 ~125 2
276 ~300 2
(me/ke) | Total 63 Wells -

Fig. 9. Histogram of Sodium Ion.



B 10 20 30 40 %
30.1 ': 40.0 ] 20
40.1~50.0 | 17
20.1~30.0 15
50.1~60.0 5
10.1~20.0 4
~10.0. 2

(mg/kg) Total 63 Wells

Fig. 10. Histogram of Calcium Ion.

10 20 30 40 50 %

0.51~1.00 25

101~ 1.50 13
1.51~2.00 ) 6
2.01~2.50 10
2.51~3.00 2
3.01~4.00 4
4.01~5.00 1
0.11~0.50 | 8.

(mgfkg) Total 63 Wells

Fig. 11. Histogram of Magnesium Ion.

10 20 30 40 %
100.1~120.0 12
120.1~140.0 17
140.1~150.0 6
90.1~100.0 6
80.1~90.0 4
60.1~80.0 T 9
~30.0 3
150.1~170.0 t 6

(mg/kg) Total 63 Wells

Fig. 12. Histogram of Chloride Ion.
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10 20 30 40 50 %
300.1~350.0 5
350.1~400.0 9
400.1~450.0 21
250.1~300.0 10
200.1~250.0 10
150.1~200.0 3
~100.0 L 3
450.1~500.0 2

(mg/kg) Total 63 Wells

Fig. 13. Histogram of Sulfate Ion.

10 20 30 40 50 %

2.1~5.0 . I 19
51~8.0 ] %

~0.8 2
0.9 ~15 1
16~20 | 1
8.1~10.0 5

(mgke) [ Total 48 Wells

Fig. 14. Histogram of Fluoride Ion.

2.3.2 Kt X0t Nat

Kt 88Xt Nat o E% Fig. 8 X" Fig. 9 /R34, 2o 5 H Kt 20.1mg/kg Dl
Fodo 32 Ho 5B EINHXOSL 0 7 HThHD,

%7 Nat wownwTd 226mg/kg P Eod o 27 #Fh¥E FBRod ok 1 Fird X
W,

2.3.3 Ca?t & Lot Mg?*t

wR My Fig. 10 20 Fig. 11 WRT. £05b Ca** 40.1mg/kg YLD D 22 3
D5 bR LMK OS D 1 Fred &, i Mgh wonTh 1.51mg/kg Y EDd D
23 HFE LR O D1k 5 fFied XL,

2.34 CI-

ERM% Fig. 12 ©RT. 120me/kg UEOL 05 29 3550, FEIBKOS O 1
He T =,



32 % T #row ok oE —

2.35 SO?-

wRf% Fig. 13 iR+, 350.1mg/kg DI EDL 0 32 #bH 54, £0 5 b LEIIHX
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Fig. 15. Diagram in which SO?7, Cl- and HCO;~ were taken as triangular coordinates.
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