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Geochemical Investigation of Hot Springs in Shonai
District, Yamagata Prefecture

Takeo Katd
(Department of Chemistry, Faculty of Education, Yamagata University)

Several hot springs are found along the Shéonai Coast and in the central part of the
Shonai Plain. They are called Yunota, Naganuma, Niiyama, Hiuchisaki, Yutagawa, Yu-
nohama, Yura and Atsumi hot springs. From the geochemical point of view, they are
classified into two groups of SOg2- and CI- types. Niiyama, Hiuchisaki and Yutagawa
springs belong to the SOz~ type and the others to the Cl- type.

In general, mineral content of SO~ type hot springs is lower than that of Cl- type
hot springs. The thermal waters of Yutagawa and Niiyama hot springs are rich in
NagSO, content, while the waters of Hiuchisaki springs are high in Al (SOg)s.

The water of the hot springs of Cl- type is characterized by high NaCl content. It
seems that the waters of Yunota and Naganuma hot springs have the same origin as
the brine water of oil fields in Japan, and the waters of Yunohama, Yura and Atsumi
hot springs are more or less contaminated with the sea water of the Japan Sea.
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5| B om % |F K SR | R | pp | @R | K Nat | Ca2 | Mg?+
A B | O | €O (mg/l) (mg/l) | (mg/l) | (mg/l) | (mg/l)

1| giomghs | VI 2]25.7|27.9| 6.7 11200 174 | 3824 246 60.4
2 " 2 " 25.7 | 28.6 | 6°5 5376 61.4 | 1682 101 37.8
3| B B E B |VvI 3|24.6|45.0| 7.2 29580 648 | 7295 | 2045 104
4| K FTWESR R | VI 27 | 22.0 | 14.2 | 3.8 913 2.2 28.9| 18.8| 11.7
5| gligh sl |vi 3]26.1)18.2| 6.5 516 2.7| 80.8| 59.3 5.8
6 " 2 " 26.1]21.2| 7.1 520 9.7 80.1| 62.2 3.2
7 | HHEIER 1 " 28.6 | 44.8 | 8.2 1270 4.1 173 142 8.1
8 " D " 28.6 | 37.6 | 8.2 1810 10.1 | 284 300 5.7
9| BIYEES 1 | IV 30| 18.7 | 46.6 | 7.6 5110 12.4 | 1134 574 18.9
10 " 2 |V 13|15.0 | 47.8 | 7.7 7126 49.4 | 1461 766 48.3
11 " 3|1V 30|19.3|49.7| 7.7 6649 32.5 | 1473 809 24.0
12 " 4 " 19.8 | 47.3 | 7.7 5433 28.2 | 1166 671 8.8
13 " 5|V 13|15.0|41.0| 7.7 4044 10.6 | 867 504 3.9
14 " 6 | IV 30|19.8|56.8| 8.4 6251 40.6 | 1333 788 4.5
15 " 7| Vv 13|17.8|57.9| 8.4 6576 45.0 | 1304 814 3.5
16 " 8 " 16.5 | 45.2 | 7.7 3842 21.9 | 756 473 5.7
17 " 9 " 16.5 | 43.8 | 7.8 208 5.0 | 40.4| 26.6 1.1
18 " 10 " 17.8 | 52.8 | 8.3 602 3.1 177 19.3 2.1
19| @ B OGE S| VI 27(21.6(19.2| 8.0 7748 17.6 | 1849 529 93.4
20 | R ¥E R 21 | VI 26 23.079.8| 7.5 3536 57.6 | 873 264 9.4
21 " 2 " 23.0 | 71.1| 7.1 3312 61.4 | 807 235 14.5
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Fext | Mn#t | AB+ | Cl- | Br- | I~ | SO~ | HCOy | HBO, | H:Si0; | CO, | H;S
(mg/l) | (mg/l) | (mg/l) | (mg/l) |(mg/l) (mg/l) (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (mg/l)
4.45 | trace | 1.05| 5697 | — | — 0.0 | 1811 | 69.5 | 135 | 385 =
3.17 | trace | 1.00 | 2347 | — | — 0.0 1170 | 39.6 | 131 | 382 -
0.33 | 1.2 | 0.14|15685 |65.7 5.3 | 40 27.6 | 53.9 | 65 — | 8.4
11.2 3.4 |52.0 17.7| — | — | 485 0.0 — 16 - | -
0.14 | 0.0 | 0.13| 46.6| — | — | 187 62.2| 3.5 | 43 | 11 | 07
0.17 | 0.0 | 0.08| 39.1| — | — | 216 92.1| ~— 30 3.3 1.1
0.17 | 0.0 | 0.13| 593 — | — | 642 19.1| 1.7 | 65 — | o7
0.35 | 0.0 | 0.12| 48.2| — | — |1260 14.4| 14.6 | 30 — | 0.6
0.17 | 0.0 | 1.40| 2583 |13.0|1.1 | 201 20.1| 12.2 | 21 — | 0.8
0.12 | 0.0 | 0.17| 3441 | 4.0 2.0 | 432 21.1| 13.4 | 35 ~ | 42
0.26 | 0.0 | 0.10| 3423 |16.2|1.1 | 397 17.7 | 11.9 | 28 — | 0.9
0.16 | 0.0 | 0.11| 2778 |13.8 (1.1 | 321 9.9 9.7 | 25 — | 0.8
0.18 | 0.0 | 0.11| 1941 |13.1|0.87 | 370 24.7| 9.7 | 48 2.7] 3.0
0.24 | 0.0 | 0.28| 3214 |17.4|1.6 | 365 13.3 | 13.0 | 30 — | 08
0.08 | 0.0 | 0.06| 3204 | 9.9|1.8 | 377 11.4| 13.7 | 35 — | 1.8
0.11 | 0.0 | 0.27| 1877 | 9.8|1.7 | 210 28.1| 6.3 | 47 — | 1.8
0.0 | 0.0 | 0.09| 701 — | — | 16 53.8| 2.9 | 17 - | 1.7
0.14 | 0.0 | 0.05| 226.3 ~— | — | 70.8| 48.5| 4.9 | 17 — | 27
0.07 | trace | 0.14 | 5263 | 13.6|0.0 | 928 23.8 | 4.9 9.1 — | ~—
0.19 | trace | 0.18 | 1419 | 9.7 | 1.3 | 576 52.4 | 13.0 | 127 — | 2.1
0.21 | trace | 0.17 | 1320 | 6.7 |1.2 | 537 66.9| 8.8 | 82 — | 3.0
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B s SO2- Cl- HCO;3— Nat Ce2t Fe2t + Als+
. K A (meq./l) (meq./l) (meq./l) (meq./l) (meq./l) (meq./l)
KT I 10.2 0.50 0.0 1.3 0.94 6.2
Froo1 3.9 1.3 1.8 3.5 3.0 0.48
ro2 4.5 1.1 1.5 3.5 3.1 0.02
w1 13.4 1.7 0.35 7.5 7.1 0.02
o2 26.4 1.4 0.62 12.3 15.0 0.03
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1350 59, ek Br-/Cl- 1% Sverbrup 5190 ko7 E¥, Br/Cl” 0)1 i S
tﬁ%momfﬁﬂA~6&xw4I#Q*i®4~9®xm4®ﬁw ToEkS5iC
Cl- #3550 Br/Cl- 1xhH KO MAC S b fzkofEic e, /Cl- Ml HJML/JWDM
CEELTWS, DECHELDS BT 802712 7 =% VOMHEHPILT X 0 i E LT
ST LW FDEEETEmCH Y, FOXEBFHAIE 0.0~0.225 TH 5

Cl- BE Iz >V TOLRNERFNZCOBRECL T, MT&EERD &@lbiﬂb R A
WS LT ER.

4-2-1 EQESGER: CO: # 2% b0 380me/l &AL, S5ic HCOs™ JEED 1,000
mg/l Y. D 2 B ic DWW Tk SO 2, Cl- B ool i 78 1 Z;Bll/ TRE DS RZ AR
F. ¥, COHFOERRPT SO OHEHINKWORIILTITHS. HFLRCALN
% I 51z Nat=Cl- ORIRMSR SN, @Rz NaCl 24 & L Ca(HCO): 75 &
W35z bbb, FlB3IRNPLT DR DT HBE O K & IFIER —H Rz R T
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T 5 EEZL IR, L AUHHEIK Ui i 4
ERURIHZET DD L BT D DBIE
LWThs 5. Wom1 | 160.5 27.7 166.2 12.3
4.2:2 ERBER: 0O BICONWT no 2 66.2 17.3 73.1 5.0
W CICHE? LChbHDT, ok
AR TIic s £ 5. LITRERMK 3g/l TZOMHOERFHE T, (Nat+Ca*) 234
ANFFH VD 4.3 300y, Clm a7 =4vDd 99.7 3 VS BahHDd5, HERS DK
Fps NaCl © CaCle B2z RICR<S DD E LB D, 833 LhuEz DR FEAE I EEK X
DVEMEKIC I W R AT, UL, AT
. - 5% BHRER
A X > CcE S BHE 2 T _ _

Cl- HCO;3— Na+ Cazt
(meq./l) | (meq./l) | (meq./l) | (meq./l)

¥ Hh TR e A3 ~ %] Y 1 + 2+ - 2—
BRCHTASRALCCOLS Ifmic  BR | (J (S | (eqty | meadD
o7 D& b s, HIIic# 2 T, E
AU ORI AL L. BIEED o =ErY 723 6.3
Wik a2 b O & 1S Lo uo, : iﬁ iig %é 2§
4-2-3 BEHREBER: B d é(}ﬂ}}l 4 50.7 33.5 78.3 6.7
DWW CEILRS OB YL E 2 55 5 IR 5 37.7 25.1 54.8 s
L7ehs, @fkzml < Nat4Ca?=Cl- 6 58.0 39.3 90.6 7.6
+S02 kb, WFhLd NaCl X 0 56T 40.6 90.4 7.9
O CaCls ZERAET5C EBbi s 8 32.9 23.6 53.0 4.4
g ) 9 1.8 1.3 2.0 0.33
CLLZTECIRAYPZEWES, 05RO 1 10 7.4 0.96 6.4 {5
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HART, BERSORBE LD TIRNC ETHS. B 2RPHbn5 X 5ITLIERIBAMT
AFEDS 3,842~7,126 mg/l TH DI Hh 5, BEYE 1,000 mg/l 772\, Key dia-
gram KW THBRIZAF LN CMNET S, IBHICE 3R THEAERSDOHESLLTLB
PIEERITL, &WHEERDOIE HBOY/Clm OEBPARLIN DL 7y 2RZX VW L THS.
ABEORS IR U THlRKITELT 525, WRKOTZTAH YV EEA 4 VO—IBR 7 H Y LA
* VITE SOOI B DT 5, NG D E L TARIIRD & UTHEDYKE &
DBDIDEHLTREVEIETENWTDAS S5, OFITRHE, Cl- A28 5K
BRLHEI~NSFROL P IR—EHECDS, 6~8 3 HIEcOEGgE»BTh, 9, 10 4
RS FEIRRL ZOWESE T, NI R IE—S0.2, REL—&ERIRE Y O BIRE B L
25, FRENOHBENICEWT 1 ~5 B —FIRcE L FD, 6~8 H X EEERs
L, 9:10 BRIZFELHAEOETLEVRRTIEARM L. DFEDAPITIISIT 1 ~5 54
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CL (mg /L)
1000
3000,
2000+
1000¢
S05 (mg/L)
o= -

) 760 200 300 %00 500
7K Clm— SO~ PR (% 15 EEill )

LE~BEHLDUNEPLRIZODDLEEZIITIN IV, WSRO 2/NFFORIT—2D
W BT BTV 5%, S LT ED X 5 RLFH RS2 bh 5. L LiRE
_HCOs« OHBBIERE %5 L5 6 MO X S AR &fke LTHBBR GEER) 7L, B
PR OES BTG, £z Clo, SO M4+ vOerREHOBRICES L F 7RO
I atht LT—o0EMME (FAHR) 24k LERORARIIIDRE

4-2-4 BEHR - EBRR: O
B EAERCR S TRV TRET S -
5, 20, HIF, BARCROND WA | (meqn) | meald | (mea) | (mead
I S RES TNV T 5. BRI —

65 FRR « BRI

. = . B OB 80.4 26.4 94.8 19.5
VAP B TS NI =D Feri= H 23
W%&fﬁéﬁ,m@?WDﬁ%hﬁ7o 1 85,0 g g i
°C %k LIEPIHL S OB RE TH 5. P 35.1 11.7 37.2 11.2

i %z e L€ Nat+Ca*r =Cl +
SO2- 7t BBIEAE D 2h, & dic NaCl 24, CaSOs ZREIRG LT HHRRTHHTL
Pong. B3R DE, WERIEOWT % L OBRFERS DEREBLNENIRDORS
HiciEv. Lol SO /2 7 =4 voLfs kL b 24 k& <, MgH/Ca™ OBEIIE
HiEas 0.018. JH¥EAS 0.036 5 X8 0.062 2R L THEKD 3.20 WHLTHAR D REDHHD
55, FROMBMFRICENE & dEXICANS &, TOMIRROMEFERIVIBAEDHRD
BEPHAZTTITVEDIDELTHEPAS.

5. #% &
BLERRTERZEERELEDELEOED L SITHEMIND.
1. ERHEOERE SO e Cl- #lro 2B AHCFTHIND.
SOz~ M Wl KITW, Fl
{CrZ% BoM, EE, HEE ER, &Y
UL 3 F 4 VRSOV TIHE & A L &BOE R Nat > Ca* > Mg ORfRZ R
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SO HEROBEERS ORI, 2EFBEWIrEh 1.8 g/l [T ER .
('%Dﬂ“”i N32504 %’:35%36%, K?‘J‘mﬁ'li A]z(SOQ% %H‘E&%&ﬁ_é
Cl- BRROBERS &HEE SO BEBCHLAEL, LFFHRBWIRBL

3.3~20.6 g/l OFEEEDS. WiEhd NaCl XS & LT, HOH - REGHEEKE
Rl Lz bh, B0« B - REIRECEROEEEZT TV X SITEbh.

T OMEEETICY D, HIHEESBMIES LOERICH I L. BLTHEERT S
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