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Abstract

The Arafune Mineral Spring located on the south-westen part of Gunma Prefecture is
characterized by a Na+Ca-Cl type water with Fe-rich calcareous sinter. The relationships of
5D vs. ClI- and 6D vs. 6180 and Br/Cl ratio show that the mineral spring water is a dilution of
fossil sea water with meteoric water. The contents of As and SO%~ of the mineral spring water
are high. Based on sulfuretted mineral deposits are in the neighborhood Arafune Mineral Spring,
it is estimated that As and SO%~ in the mineral spring water are derived from the sulfuretted
mineral in the process of the discharge.

The Arafune mineral spring water was left to stand for 1000 days at room temperature and
then, pH, and Ca?", HCO;~, Fe? and As concentrations were determined. These concentrations
of the mineral spring water changed remarkably, caused by release of dissolved CO, and consequent
precipitation of ferruginous and calcareous deposits. As precipitated in early time, and then
redissolved partly. The formation of CaCOjs deposite starts when the pH value of the standing
mineral spring water reached 7.5 and the crystal type of it is a mixture of calcite and aragonite.
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HRAKDK?, Nat, Lit, Sr2t & L U'Mg? OERIIFFERIET, HSi0:13% ) 77 VHIET,
HBO, 37 V A F VHIR X B kKD T, AsiE YV F NI T H8 3 VIR X 5 HEBIRT,
Broid A+ v 7 m< k75 7ETIT - e i e DM HUR 5 Hrikdiast (KET) 9 M L Ui
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4—1. BRAKDFHIER

19864E10 4150, 19864E11 17 H ¥ X (19884 3 F 30 H IR /K & AT - Te Fe Ml K D 75 Bt R
PE IR L. RIEOFMLAEITZ D >, BEOHEKEABERALTHSLEbNS.
3 EIDMEEE H 5 & Cl 2 ©4600~4130mg/1 & 2L L TR O, fLORSICd EEZE(LD I
bhD. &t T ACImDHAEER 2R LIcH, £ O 3 EIOHOEDRICIEK & 1281k
BRBRT, 0 &SRR O(LERS OREZLITERE O T K (B 5 I DRIE
K)DEELROECELEDEEZELZONS. MR DREEIINaCa-ClEGHRTH 5.
B, NERRRIOE RIBROSHIHEREEL X3 WR L. MR DOBEERK S OF
ELTE, BESRBIOEASOEAMGERIDEEASREIALVOERRREZ T2
Tk, FREFEICRERI LM oA, HERHNLHE, HIARCRHINSZENEFONS. £
LT, HBO, EEE 1T i & RET K &\ 10, AR R O G CHROK L el R K 38
DRH LA, 19864118 17 H ic Bl THKEHBICFEL0.45m D 3 VR T 7 4 v 2 —% VTR

x1 RMRRATER

I = Oct.15,1986 Nov.17,1986 Mar.30,1988
pH 6.4 6.4 6.2
Li+(mg/1) 13.2 12.9 12.1
Na+(7) 2840 2790 2610
K*(7) 256 257 233
Mgt (7 ) 120 91.0 90.0
Ca?(7) 760 728 694
Sr2+( 7)) 7.9 — 75
Fezt (7 ) — 6.0 5.6
Mn2+(7) — 1.0 —
Cl=(7) 4600 4440 4130
Br(7)* 14.3 14.0 12.6
SO (7) 1016 1017 997
HCOz=(7) 1648 1556 1486
H,Si0s( 7 ) 110 118 108
HBO, (7 ) 224 203 190
COz(7) 433 528 470
As(7) — 155 1.4,
5 7 Na+Ca-Cl % kIR
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T2 EMEREBKOCHICHTIZIERDDEEN
(sampling date) I B L 3 sea water
(Oct.15,1986) (Nov.17,1986) (Mar.30,1988)

Li/Cl 2.9 x1073 2.9 x1073 2.9 x1073 8.9x 106
Na/Cl 0.617 0.628 0.632 0.553
K/C1 0.0557 0.0579 0.0564 0.020
Mg/Cl 0.0261 0.0205 0.0218 0.071
Ca/Cl 0.165 0.164 0.168 0.021
Sr/C1 1.7 %103 — 1.8 x1073 4.2x1074
Br/Cl1 3.11x1073 3.15x1078 3.05x1073 3.4%x1073
S0,/Cl 0.221 0.229 0.241 0.140
HCO,/Cl1 0.358 0.350 0.360 7.5%x1073
HBO,/C1 0.0487 0.0457 0.0460 9.8x1074

x3 BEHER, AERRESIVE/REROSITHER
W 2= 4 oA W R VAN -G (- R 4 B R R
W A& H June 13,1985 Aug.9,1985 May 17,1989
pH 7.6 10 6.1
Nat(mg/1) 10630 7500 1960
K*(7) 267 810 120
Mg2t(») 45.8 120 85.7
Ca?t(7) 234 320 348
Fezt(7) 0.02 0.43 1.8
Mn?t(7) = 8.85 1.5
Cl=(») 13100 10010 3470
Br=(») e 34.5 —
SOz (7) 23 1120 2
HCO,~(7) 7810 4370 732
H,Si04( 7 ) 26.4 358 41.7
HBO,(7) 478 652 112
COy(7) 136 396 634
As(7) n.d. n.d. n.d.
I = Na-CleHCO; st kR Na-Cl 58 54 8k 57 Na-Cl %87

n.d. ; N

FEAM UTiRRAK D Hil.5mg/l, BEDEY &AL T T OHERKLHIX2.9meg/l DO FE I BH
Eh, 19884E 3 A30H ICEEA LIclaR/AK Tk, A LIEREANB1.4mg/l, BEWEE & AR
FEFDORRAKNBH3.8mg/l DOFZPHEINT 5.

4—2. FeMESRAKDEEFZE(L
TR AP RECIRA LT & felRp i TR LI D 235 b UKL ORTHI A £ - T 5. 1986
E1ALTRICERA LIlR R K2\ TpH, Ca?t, HCO5~, Fe?t ¥ X UFAs DRERFZEAL (21 T1000
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A M) & <7, pH, Fe?™ B XL FAs DL &M 21T, Ca?t, HCO; ¥ X UTAP(CaCO; D o
FVIERED) OB AN 3 R L. KEGEkE LTiE, Bl T500ml o A& ) =5 L v EHH A8 A
AR L) IR K2 AR TRBEICHA L, S THIE L, 1 ADMEpHIX 2D ¥ THlE
L, iS22 TiZ 3 UART 7 4 & — (FLER0.45 pm) TR A UTcli SR K & F V- To bt
BAT o To. BRI #6.0mg/1 TH - fe HERK 2 RERIRIC A3 U Icil B KD & i - ek &
AR E T, 1000 HHE LIclR KA D S AR TH - fo. ERENTHCHD hic4 U
T BIINIKETH D, XM KR OME, #Zdd bnall s il oREGTH - 1o

TRBDRERM D, FMEROKIE I X B, HBHERC KB O A H 0 £ DIk
O #ER T S8, ORI R KDOPH OZALICHL D Z OEAFIRENZL LR LT A
L, pHOD LEF3CO, DIl - TR D, K10 # B e H TCaCO;(Hfa) T\ LTl
FEE (S=I1AP/Ksp, Ksp 5 Jifltfa D EMRIERT D) M3 L, £ D7 d AW CaCO; D dh i b if
F5HZENK IR LIcCa?t FHCO; WEDWATAHZ L THM I NS, Ml ROR Y 8 km
Wd AR RIRETEBER A B D E R Fic & - TCO, A3 LTI LGl fnE 1 14~22
W LI Rpic CaCOs DL AR E - TW B 12). & 2 CfF » e R R DWW T EERE, R
KA B LTe b T - 1o le DI CaCOy DA T i < <, EBEOFIAIREE X 0 b
BEL T 5> THBCaCO; DMK s TwWbEHE2zbh5. FMEROVFEL DT, &
DEHIA F VIRBETHE L TOADIER L T\ ay, KEELEICHEE L 0RO O%F
RENELLTVBZ EBHLMME T T
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4—3. EMERKDEIR

PR Bt 3 0 NI R DME K (B 2 & B =2 Difik) & RAKDEREGIE X - THETWB Z
Eh, FAEEBBY I TRLOIERGOREN S, X, BIER DL IO GEEKDOKELBED
LA L DIE D B LT 5. X4 I EERELR 15 1) & Sl st © 6D-Cl-, 6D-6180 DB R
R Lichy, RO b ORRIIESERE S GEAE KL TV5. K4 RE LTI
Dl JURR EH PO DI Fh £h —65.5, —71.5%, 6180k +h*h—8.3, —10.3% T
BB, Fio, WSRO TS THSClI- DREI S\WTiE, Br/ClikAi3.05~3.15X1073TH
5*&&0%&@4&@0%%tﬁ&L(b5&%E§h5 IhbDZ &G, FRAMRBRDK
DRI D TR IR & AR KK LA RKDRAC L > THERTWA LD EZEZ BN S.
L Lieh b, miii ROt AlKOES ’4’—0iﬁ%mmlm/'ﬁ0yﬁt’\f’J\§\z‘ % 7o, AL AMELT
WAME Y PR S AEEDRRE B2 b s,

4 — 4. FEhIOBEMR & OLLE
REHSILR, AR R, TR B L O IR & ik ONa/Cl, K/CL, Li/Cl, Sr/Ca, Br/Cl
BLUHBOy/ClOo&E LA K4 ID IR L.
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* AR S (1975) 8180,"/00
M4 FEMEREBENRROID &CIm, D &80 DR
x4. BIEMREBAOLE (FEHEH)
Na/Cl  K/Clx10% Li/CIx10® Sr/Cax10? Br/Clx103 HBO,/Clx10?
MO O R 0.81 2.0 0.63* 3.40% 2.86 % 3.6
A iR R 0.75 8.1 1.6% 4.29% 3.4 6.5
o R R 0.62 5.6 2.9 1.0 3.1 4.6
o RAR R 0.56 3.5 2.6% 1.7t 2.758 3.2
""" % A | 055 2.0 0008 20 34 008
$ 19874 2 A 25 ARk 5% 1985% 8 H 9 Ak
* Takamatsu et al. (1986) =g (1986) RS (1988)

(1) VF A>T

Takamatsu et al. 19 {Z¥F K D Li/ClIc % LT R A D Li/Cl AR IC K & W E % =31 R (FE
W, A, HA, E/ R DIPRESEROAFCSML TS EXWE LTS, Rtk
SOLI/ClLEE AERROE  JURR EHREKEVVEERT 7 V=T H D, BSEROMHEE S
Y — VR THIEDRRCHAONDEDTH D, FIR L TE\WHLI/Na b5 5 & i it id4.65
X 1078, M/ RIERI1F4.45% 107319 TH D, LA KEERANX1074 18 THB T & LB L
TLERERITVF T AZEHLTHAZ LB SN TH L. Fouillac and Michard 91 X 5
LR DLI/Na b & T RE I HBEARGRA A bR, @i 5E ELi/Na bz K& b7
DICHEREE L TR & h, TR ROL/Na b bl 2 O il B 2 #Ee 3 5 £ 190
C & 7%, Ellisand Mahon {¥Na/K A REKAE R RT 2 & bNa-KIREZRELTE
D, KAEH20Fh %Ak L Tlog Na/K=0.89(10%3/T) —0.69(Na,K;mol/1) DEIR X % & 2 T
B0, mMEROHEEH FEEG ZTh®FIH$ 5 L187CT, Li-NaiREF»bRDHEER
{=HLTWA. LAaLafbind Lk, Kt EOZRIEEBOHEKERLETHD, £
TGRSR IR EI AT U EEE 500m THUEIR & A32CTH 5 2 &, FMER ORI EERE Lo
RoninwZ EuEL b Landoieit MEEIBEAEORAETIE . BECEWT,
(LKL CREDHREE»SZ T el ERHE00hs Lt L, »5\idLi/Nalhomn
W& OMIIEROERLS L.
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(2) AbBYFTALDONT

FEMR R B L O/ RIR R DSr/Ca T #g K DOfE X H €\ H1Sr/Cl k X UCa/Clid#E /KO fiE X
DAEWL. KESDIAKIELRA U TWAIRBOS/Cathnil.2~2.2x1072TH B L #HE LT
WA, HEHERERITDERASINER(Sr/Ca thit4.1~6.8X 1072 WT, hivvak
A2 bayF T AFHBROEROCASO, FHEH LTETWALHEL TR, BEOEAEF
DSr/Ca LT OB AT DO FN X 04 L/NE {1~Tx1073TH 5 (Shikazono et al. 2¥)). =ff
5 16) |3 NaCl iR 5 D Sr/Ca FL B H 5 DSr/Ca b & KM L, JRIBH VY T LR H V> T
LADERPMWBC LD EHTAZEAEHL TS, MMREEIM3 R LK RBHERT
BEC R AL > 7 AR LTS S e DB ORB O NV Y Y 2R EMR L THEL TS &
EZx bR, Sr/CalbidREEA N Y T Al E s TERHREINRTED, KELWDOEL DD LI
WO ANY T LD —EHEHEIE AN YT AL s ThIebEINTHWErbE-bh5. £4I1ER
LB RO i Tl 2 & RARREOMEITE / RER P TN 5.

(3) HREE1 + v iIEDWT

TR R U TR SR 0 IR R N TE L IR ICEA TR D, SOFIREIIMEL, SO,/Cl
(R $1.8x1073 2K 0.1)ICH~NS D TEWETSH 5. (LA AKEORRICE VT,
SOF PR DR A D L D EWER RS LIZELMShTAZ L THD, Sakaiand Matsubaya?®
A A Y DRSO RIED SHEER I/ N7 T ) T OEBIC X AR L HmE L TR D, AR
DSOF PEEMN LIS DR ERY DL WBCIBIh ThiclkedsExbhTn5b. X
3R L ot/ RIBRDOSOF EE L, SO/ClikT.5xX1073TH 5. &I HAmMiE
BOSOF P 131000me/1 FRETH D, SO,/CLIX0.28 L KT HNTHRAEWETSH 5. HeSi0,
PERE & FERIER, M RER R ETH S DI TR R3110mg/1 LR EWETSH 5.
FEMR RO AR Ui X 5 WAL DA LTV 5 & m b, SOF O KH S ki T
2B\ TR K (B A Y K BRI 0 ¥ A) AR BN 2 BRI B\ Tk a S 8 Em L, O
Hov ) HELERIDAThELDEELLNRD. SOF RV U HE2PNWTIDISEEZD
L, AR S R RO E A EREOE KD KERAKIZZER CTH - cDdTRiLLh L
a9 (N

(22 DR s & Fe iR R % % B &, AL AT K ANBHRE TRIEE H L > v AR
PR EEL, SOEEACE > THRENTELELTWSDLHEEEND.

5.% & &

PEER DR S L O PRI B B LS SRR DT, FERTR R & BRSO
BHLTED, ./ REREEAEEEREBOEAL D HLEHE LTS, Br/CHESLKDFAL
it B AR, PR R X0/ BRI bREK & RAKDEAIC X - THRTW S
LOLEPR L. ALATADERESRILFEER > FMRR >E JURR TH 5. FfflnROSOF
, As B EOHSIO IEEMNA X W E &K< & EDOMOKEMBIEE / RIERERCUTH 5.
PR T 2RI R O X 5 fe K E MR LA YK B K HHB HOB TR ThRALWIED D & 1 4 T
(L X hTS0F), UVERBIV VY hEDHBEZI R ENLIDEELLNS. Rkl
Bt RERO X HICE L HE MR B BT ¥R U X 2 it Ak gk b e 50
By, SHHEFNBLG L FERLHBEIhRd IR,
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Atk A AR R B 2RI S0ASE RS THRERER LIt DTH 5.
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