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1. #%

REERZUBEEREHESTERCBHE T BERER TS, ZOMEITTE
PFBOHLIICE 5, FRIEHEAHKREE MO BWClE R 5302 UCHRIE
L7cbDTH OB 1,500m e 35, 19494118 7 B, c ORI EOZEE 1,198m 7>
51,206m £ TORMEZMAFIL L BT KAF A LB LBDERTDHS, 2D
BRI OWTIRIIBREETIC X 550 BAFEShTWBREF T, 2hETEH
TRV ST VWV, FEIX195248 U5k, WY T I35 5 8L OISR S DHEB =
BRI 75 SOV THRILFR AT R Z TR o TERDT, ZhETILE IR
THET 5,

il

2. # H | R

BRODLEBHRIIE NS LOCHBEEOEEL SR OBEERHEEINT WS, £
Dizd, BE R1 BH L LCARBORES T b, ChBEEFRROERTH D5,
ZOWES KT X O>TELNHERERNYEZR 1IERT, Rb s, m 55D Fh
REFHERY OB, BEET, T/ cg WIREE. ss 1IRE. ms \ZJRE. altsm 13ER
BEB. Tr @K EEER. Ab 3R NEBEERZEDT,

K»Sbhd X 5 CHER 1,000m £ TRARAESREONT., £ X VDB CHEX
RECZRAOESHET S, RiCd iz X 51 2 OO HEEE 1,198~1,206m
T, COHBRERBLEZ DN, BEBOOEBREKED DK D, RRUEE 80m AED
HEE. 530m HIEOBHEREEE X SN HHBE XU 1,200m 435 OFisiH B i B L
TANLNRAT ADBBRBPHER S iz, BEIX 1,200m {fED SO ERK & & DI
BHLTW5,

3. B H K &

Z DEPIT I W TIEBLH R 4019494211 A10H i 181//min iR 5 (62~66°C)
L 600 m¥/day DRRHT AL ZHE LY, RAF ADEREMBIE 2 % v 96.2%, 5%
3.8% TH5Y, BBIZOEREILOBBHEZBRD LERIFETO—RE2-E0 555
D05, TOHWBIIR 1 ICRINTDH S, LBBEENBINTHWAERIZ. ERX DK 500

HERRK MmOBEELZ <A 7L 2TEPNILDIDTH S, FROFRITZIBLERET X070
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£1 FROBHER XOREOHER

W% % B | 1949.XL1.10# | 1949.XIL150 | 1951.VI.29 | 1951.X1.259 | 1953.VIL.14 19542
B2 () 62~66 61.0 57.8 57.6 57.0 57.0
BB (Ymin) 181 135 771 72.0 61.0 46

#F2 FRES OB R 2 RIBOHER

wWoE M A "R (O wo % (0O

1950. 61.0 51.0
1953.VI.14 57.0 48.6
1961.VIIL. 3 — 45.0

Ty EHEHEEETORBOB(EMNDI-DCHBARTE T EKEEZE2ZICRLTEL, BE. B
RO R TVE19614E Tl 7o 8.0°C L X THRITL WE Bbh s D THEREDEEX 53.0
CRELEBIND, Tibbl OEFERSEHE LBD T BI2ERIICK 10°C o fIRE T2 Lz
Cri b, BHETERBHEEDMES T 2FRITR LK 5 |0 15 1TET L. £ DR
DEIDBELWT EDbhb, HIEZDORRTIXEERENO BN TENIESG % K LB DR,

4. BRANMOBERELUER

RO S XL HTIIE L LT “GRROHTIRIEEY RO TR D7, 2L ~ry Y
44V ORBIRELOHE ZHRA L, ChrbbESMOBREONARZIERE T LT
L&5,

H » H
#3 E B B B 5 #H X
B ok B K 196147 A3H 141305
& & 24.6°C
s b= 45.0°C
ERFEREY  29.580g/l
s B SRER IO LERAER
1 * v %

HFEV mg/l m-mol/] millival millival%
K+ 647.7 16.56 16.56 3.72
Na+ 7295 317.2 317.2 71.37
Caz+ 2045 51.06 102.1 22.97
Mg2+ 103.6 4.260 8.520 1.93
Fe2+ 0.33 0.0059 0.012 0.00
Mn2+ 1.22 0.0222 0.0444 0.01
Ald+ 0.14 0.0052 0.016 0.00

(A5AvED 10093 389.1 444.5 100.00



78 - S = S $13% 3.4 %5
=", mg/l m-mol/l millival millival %
Cl- 15685 442.3 442.3 99.50
Br- 65.65 0.8215 0.8216 0.18
I- 5.25 0.0415 0.0415 0.01
SOz~ 40.3 0.412 0.824 0.19
HCO;™ 28.38 0.4652 0.4652 0.12
(7 =4vEh) 25917 833.2 4445 100.00
HBO, 53.86 1.229
H,SiO; 65.0 0.833
S 8.37 0.246
(& = 36138 1224.6

ZOEROBBA DTS WTER Lok oWnwT a0 e T ol R eER 3 Thrrirb, h
CENEREISEFES XOCHEAIERAERCHA L, BAMERESERCET S, WERLDVE
FAAVBIV2 v EAAVIBEOHERA + v BECNT 5 LERD S L Br-/Cl-=0.42x10-2, I/
Cl-=0.034 X102 L7525, THHDIIEAIHEOFENCETHEY LIZERTTH S, SV 8
&HE (HBO:53.9mg/l) 04w L bEXTHLERRROBFEIIMBOMAMNMAKEFAUTHS

LoD,
(i)

B ORI ZEAL

FERBXCBBADCEWT ZNETEE LB RELE 4 I10RT, &< 11952 12ika A 1 S
BRIKICOWTILFEDS T TRV ERCREEBOL XL 5 ZHELLDOT, ThIEFHICES LT
T B, B ATHIKDOIFES TR 2T LTH 50, THIFEE 1,198~1,206m DX [HDLT

%4 FH HE 0o & F FE
ook b A ==
WE R H i s — e e
49.XL109 | *49.XIL15D | °52.114 | °53.XIL6 | '53.VL14 | °53.VL14 | °61.VIL3
5B (0 118 61.0 57.1 55.7 57.0 48.6 45.0
pH 6.4 7.9 7.9 7.4 7.6 7.3 7.2
éiﬁ%ﬁ%@ " 26.56 | 25.88 27.31 26.67 32.47 31.86 29.58
NH.+ (mg/l) — 0.69 - e 11.5 7.8 -
Caz+ (7 ) | 6,954 2,341 2,220 2,076 2,450 2,320 2,045
Fet+ ( ) — 4.29 0.31 1.23 3.27 2.97 0.33
Mnz+ (7 ) — I 1.78 1.33 2.39 1.67 1.22
- (g 13.09 | 15.95 14.45 13.94 15.70 15,86 15.71
SO2- (mg/l) 71.0 4.9 - 28.3 25 16 40.3
HCOs—( 7 ) 45.1 69.2 - 70.8 42.4 37.8 28.4
H,Si0; (7 )* — 93.0 & (26.5) (25.3) (g;:z) 65.0
HE () — 0.41 X 3.6 3.90 4.17 8.37

* PEED > BEIARICRE Licd O Ak L b, M EEEIC X D Rdic,
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#5 JRICKT B REORFE (1952)

AR w8 et et o enpmmy oo | M | S | S
h m
1. 14 11.25 | = 2.7 b7.1 {9 27.31 2,220 1.78 0.31 14.45
o, 4 11.25 | & -0.8 56.8 7.8 12 27,29 2,207 1.61 trace 14.30
m. 10 10.19 4 4.1 56.8 7.9 27.52 2,152 1.66 0.54 14.39
. 12 10.25 ” 5.5 56.6 7.7 27.15 2,161 1.65 0.60 14.23
V. 5 10.35 | ™ 4.3 56.8 7.8 27.57 ; 2,168 1.71 0.75 14.37
VI, 7 10.15 | I 19.0 56.8 7.7 27.41 2,143 1.69 0.81 14.26
VI. 5 10.15 ” 19.8 56.6 7:%. 27.25 2,092 1.58 1.15 14.28
v, 1 14.55 ” 27.2 56.6 77 27.40 2,155 1.54 0.42 14.30
X, 7 10.05 ” 25.3 56.2 7.6 27.38 2,153 1.50 0.69 14.17
X. 14 10.20 ” 15.0 56.3 7.6 26.99 2,124 1.51 0.58 14.19
X, 8 10.10 | £ 9.7 56.5 7.7 26.94 2,094 1.62 1.01 14.40
XI, 6 10.35 | =& 3.7 55.7 7.7 26.67 2,076 1.33 1.23 13.94

KEBEERE L CHT LA bDT, IHCEORICHEIE118C &b 5 DIIEREL T, £k 4
BIUOESICEWT Cl- L LTHEIDIET RC v sFf VA4 VORMEEZEI A v E LTEREAL
TTEETHD,

EUDICHE LD ESWTERICBET 2 REORERMEZHIT 5, 19494 X D1952F L TO XM
o ZOEOEELD E . ETRECETHREL D SRALY T 24XV, BRAAVOEHE
DB BT E D BT 4 v ALk ER EGEEZENT 5, 22 TRF bV AL TV O5
MEEZ R BEIEZEBEC LTHRTNIZCOA 4 vV OREIRD Loodbodbo L @Bbhd, Bl
EOX S REMC Db OTERBA & v OREIIZEEAEREDETETH S, 1953FEDOLTITES
L e bR O EE R T OEREOWIICH I ALWAFEEZMX A/ THY . 2T THE—
SEZEVWC TS, L LBBADCET 2RRKOSIERP AT, BIRBA A vERE B
WO VI OWEZT T — B EARLE LTHLhBREVRDIIR,LS S5, BHICKT S
BEB L BT 5 &L BRTIRCHSOEBIMEZ T, pH 2B L. 7 1 Bk XL OCLFKRERE
B AEADORBITCONTERDILOo20H5DDEEXLTI VY,

BERRBEOREE(EASOIFICHRIDDOTH LR, VWEESZAVTRRCKT 5 ABDOEL
BEZTHD, FEOX5T2HLMCTE-0N 2 CHERERT. CORA WM (19524F)ITIEE 5
FTLACERIIEROEETORBICH O, KHSbid X X 5 ICREORBIC >N TERZRICL
HRASHEBERRD L0 RESETT DT TIRAV, L URERIICE 2 TS 2R IEHIT
12D b ODIERSBEITRD OB R EIZED C EEBELATH D, SR EEM O HE T d
5, CCCERIHL LI, X 3,4,5 CHLNDXSTHEFA AV ALYV AL F YV IVTY
44 VIZRELEBER (FOHME) 2HELENLBEZEMLTILZETHS, TRBE6ITRS
N5 LS CgHEIhE L IEMICRE L AORBBERE b ooBERMICEL T 5, PH—RE.
SRR —— B ORBRIENR Lo R BEHICE VT HEMBER EOHE) R D
Yo, CLRHAEIRREOERE EDCRDTEORRDO XS CHBIN D, ThbbRED L
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Twe)
5o 5m1.0
56.5- S¢51
s6of S6.0f
- x Mat* (mg/2) i T mg /L)
13 L5 1T [0} 015‘ l.IO
K5 iE: Mo+ » 0BIR 6 Sifir Fet+ r 0Btk

AiconT pH 8AE D, Lo T Fert KA MBICL VB LELRBDTHS 5,
ZNDA DRSS E F IR X5 BT A DOIREROH T KORER ER—HIZKD>T WD &
hEZDOND,

(i) BBk s REE®L

PR XD BEEToOR500m e, BEKO(FHMES AT 5 EE T 50E L 5zd, 1953
F£6 AIcD2MRITHVTREEZTL O, BRI TTERALRELTHS, chickhid, fiE
13 57.0°C %25 48.6°C iz 8.4°C DET &k, HFERBAMIIN 2% B Lih D% < DILFRT
H—RHICBEERETT 5, COBRPRIL BT ORED5TH D, WEA 4 VIETIXZOHTE
WTUF LA EEEEZTLLE . IAYY AL F V| TEEA A VEIOCEREA & Vi EORENRE
PFBDUE. BIEORPIZIWT CaS0s 2 CaCOs 7 ER BT 20 bTHA 5, e~ v ivis
ECOBESBRA AV OBRERTIZ. MASRCID NS4+ VORBTIRLTI 2S5,

5. BERABMOAMBERESIUVER

BRDAA FNL2BOUBY A DND, BHAMECET S DOREAKHET, ThX DT
MICURT L2 DORBEHBOREHTH 5, BRHFBREZCI >OTINS ORI TS HEE &R —G
M TH D L biole, EHICHMRLFEREZMD #6  JRRILBA DL (%)

DILEE LTHBOHE? TRDTLEFHTEITR D% B (w2 ms | Beapwsy | &eaksy
BRIIERIIFE 6 TR L, Thd b IR RILBHII G RE Si0, 9.97 0.86
BERETDHEDRHLNTH D, TbbERKPIZD & Fes0s 35.19 3.57
% & Ca(HCOs): Do cbTHMB LT W oD FH%E L& MnO 0.36 0.00
LoodsEickEZB U T CO: 2 L, CaCOs & <4 CaCO; 59.87 94.74
BT 5D LEZ NS, EFAREIC Fe:0s 2 MnO MgCO, 0.78 0.62
7 EBHEUT B O LEESND, el Clic p-46
Na,S0, 0.61 0.00
6. # s & = 99.98 100.25
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EFRJBICOVWT INETEZOBHRIEEN R MREZ R e, FLEDDLERDI ST D,
(1) EREROEREHEET 1,198m~1,206m T, ZOHBREEBEEZ SN,

(2) ERE®ELZE 181/min OB HEZDHLRED 62~66°C THIRTH O/ FEOKE
WIZE D >THEHENRD LREDETLO2OD 5,

(3) RERSERERICHILIEREER CTEARRBBEMIN 30/l Tho, TLIDOERD
RBVIARIPHEONMEAERACTHD LEXDND,

(4) REOREEMLZBETH L OBRLERFTREEZBRFERILOOH 5, WA A
v, bk EVEte LA BMOEMIITH Do

(5) BRICEWVWTRIELFERDBELDOHERDD X 5 BTG 2R <R ERE L ED
HERREEL LN OER TS LR LI Dl, SFERIEEADHBEEZRT,

(6) WEH XD 500m DOIEEECIHEND SR FOMICE T 5 RERLEZBRE L & 2 A, RiE
1350 8°C DET &Ly (L¥ES DL < I1T10% L EOBERETRER LI, L LERA A VIEERE
LAEEM LI,

(7) BROAL FCRBUBYPNET DN CNIFRAEEERLETIHEREDOIDOTH D,
T OBEEFTHITH D HAFHE I X OEESITC OV TERTAR., BEFOREDOMHNEZR,
RLTHRZERT %,
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Geochemical Investigation of Naganuma Hot-spring

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

Naganuma Hot-spring, situated in the central part of Shonai Plain, is characteristic
of a high content of dissolved substances. The well of this hot-spring was constructed
by drilling with the intention of prospecting for petroleum. Hot water gushes out
from the Tertiary aquifer which extends from 1,198 m to 1,206 m in depth.

In 1949, the flow rate was found to be 181 //min. and the water temperature was
somewhat higher than 60°C. The flow rate has decreased ever since with lowering
of the water temperature.
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In 1953, the author observed the seasonal variations of the water quality in detail.
There exists a linear relationship between the water temperature and each of Ca%t, Mn2*
and Cl- contents. The water temperature seems to be the governing factor of the
concentration change of the ions mentioned above.

The results of the chemical analysis show that Naganuma Hot-spring belongs to a
strong salt spring containing bromide—alkaline earths. The water of this hot-spring is
considered to be derived from the same natural origin as the brine waters from oil
fields in Japan.

Regarding the secular change of the water quality, the concentrations of most ions
tend to decrease year and year. However SO.*- as well as H:S have increased their
concentrations. This trend may continue for several years.

Hot water from the well is conducted through a pipe to the spa which is located
about 500 m west of the hot-spring. While the water passes in the conduit, its quality
varies gradually, the concentration of Cl- being kept contant.

On the inner wall of the well, a crystalline solid is observed. According to the
optical and chemical experiments, the precipitate is mainly calcite.





