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ABSTRACT

The purpose of this study is to characterize the hydrogeochemical characteristics of hot spring waters and to interpret the
source of noble gases and the geochemical environment of the hot spring waters distributed along the eastern area of the
Korean peninsula. For this purpose, We carried out the chemical, stable isotopic and noble gas isotopic analyses for eleven hot
spring water and fourteen hot spring gas samples collected from six hot spring sites. The hot spring waters except the Osaek
hot spring water show the pH range of 7.0 to 9.1. However, the Osaek CO,-rich hot spring water shows a weak acid of pH
5.7. The temperature of hot spring waters in the study area ranges from 25.7°C to 68.3°C. Electrical conductivity of hot spring
waters varies widely from 202 to 7,130 uS/cm. High electrical conductivity (av., 3,890 uS/sm) by high Na and CI contents of
the Haeundae and the Dongrae hot spring waters indicates that the hot spring waters were mixed with seawater in the
subsurface thermal system. The type of hot springs in the viewpoint of dissolved components can be grouped into three types:
(1) alkaline Na-HCO; type including sulfur gas of the Osaek, Backam, Dukgu and Chuksan hot springs, and (2) saline Na-Cl
type of the Haeundae and Dongrae hot springs, and (3) weak acid CO,-rich Na-HCO; type of Osaek hot spring. Tritium ratios
of the Haeundae and the Dongrae hot springs indicate different residence time in their aquifers of older water of 0.0~0.3 TU
and younger water of 5.9~8.8 TU. The 5'®0 and 8D values of hot spring waters indicate that they originate from the meteoric
water, and that the values also reflect a latitude effect according to their locations. *He/*He ratios of the hot spring waters
except Osaek CO»-rich hot spring water range from 0.1 x 10°to 1.1 x 107 which are plotted above the mixing line between
air and crustal components. It means that the He gas in hot spring waters was originated mainly from atmosphere and crust
sources, and partly from mantle sources. The Osaek CO,-rich hot spring water shows 3.3 x 107 in *He/*He ratio that is 2.4
times higher than those of atmosphere. It provides clearly a helium source from the deep mantle. “*Ar/*®Ar ratios of hot spring
water are in the range of an atmosphere source.
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1S TEskazl s o8 8k w3l Aol o) 23 Aol 1170e] 235 Alge)l 14709] TRRAIEE A
o] Al 23] RISl 548 HE QAERRATE AQSh BE 2359 pHE 7.0-9.1 H9
A WA @7AS Holn QAERke ] pHE 579 oRAe] EAS HYTh &35 Exlne
25.7~68.3°C HYZ BYom AVHAEEE 202~7,130 pS/eme] WS W= seuie} Se2HS it 3,890 uS/em
07 F& FE HRth £38 SEAE e RSP oA, Ak wigh g et e Ao f31s IS &
71e)4de] Na-HCO 8oz EREI, sfethel Feede 2 TDSEEETHEZ)] a3 Na-Cl8LS B
g3 QAERke S oo R RS S35l Na-HCO, 802 ERETh A7AY 23459 §'%09) DS 2+
7} ~7.8~~11.7% —57.3 ~-86.4%°] 9IS Hof 2357 8k 71dYS AR 57t Sobda s v §
Aea 24 s Hole d=adpt & Jepdt) 9% aleddse] s 39 A9 0 Tuol 7 dhs
Hol Ha oF sod ot ARS EYUS & F Utk LAERRRITE A9t 23159 He/'He SHLAH=
0.1 x 107°~1.1 x 10 HE B, t)7]- A2} SR 9ol 3} ole 235Ul He 72t o oi7]|¢}
Aol Y= MET|Ye] He 7l HEF o8 ZA3h= AL ou)ditt. 3 AN X3 Y2 2
AU Hokee difato] WE7IdeR dedx Qo] 3 AR "ozl ejuete] 79 F3i8 Aolg Hel
o} ey, QAR = U771 He SH9ARIE0 2,480 =2 Q1 3.3 x 107 HojFo] X3} Aol vl
E71999] 72t AP t5S7A FaE ZoE siidnt. 231579] YA Ar vle t717199] gt fAkeE §
g mek.
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U 236 gt FEjRTEEE 9 w9dihE 54
of tigt A57F 19809t FRbolF HE A7l o3
A 23 BF ATH(Yun et al, 1998; A& 5, 2000;
3-89 5, 2001a; 2001b; d7E &, 2001; I8 5,
2003). T8 ARARIE BH FAksleule} selxdel o
gk A7 EiskerE B4 e sieke] S,
A gg=e] Rslay, G| =40 s BaE b
AoMAES T, 2000; <L T, 2001; IEH T,
2003), FUollA] 7FE =2 4228 Holx FHd o
St AFEe 2319 258} ARSETe] #A|, 1Bl &
42 7ol disiA ®arE vF ATH(Yun et al., 1988;
-84 5, 2001a, 2001b). 7L 9] FAIH, EATRSH,
TR Bl FEset 544 9 wodaE &
of tigk A7t FaE uf AhAHAE &, 1997, -8
B 5, 1999; 7719 5, 2000; WA 5, 2000).
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T W HE G571 A (noble gas)®] UL 5HS
185 235 71 2 AT, AAFRee] WA 5

S AAF7E HaPxo] SEthAka, et al, 2000;
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Aol7} 9l o FSlAAHIE SHole] MERRE A7
EFo| JE7|Ae) ofERS FAsA s AT
7} FgEo] itk ol FETIAY] F9UA ZAHIE o
B3l A, A7 AR, WEEE o3, sk,
A5 Zoke] A7 Bol o] Fofx|aL lrk(Nakamura,
et al, 1999a; 1996b; Matsuda, et al, 1999; Nagao, et
al., 1999; Osawa, et al., 2000; Okazaki, et al., 2001;
Osawa, et al.,, 2002a; 2002b). LEor{= o] Ho} A
7h i el dRERe] shit, 23, AEAHelA
|E5= BTG dig B S99 ARTE 3
o] AtH(Aka, et al., 2000; Kusakabe, et al., 2003).
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Fig. 1. Regional geologic map of the Korean peninsula, including
sampling locations of hot springs.
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YA e A SANEAS Y F2AE
(lecucocratic)O 2 T2 F/JEH o]F ke A9
EAs B3I ot
WOk AL 7 HEAS] ARl x|s AHe
YA HAY o)F TS U Z o]Fo|A Ut
A Aujg)Ee ARl AR BE¥shy Fe)e
9 B9 0 3P3to] o]F #AUslaL k. 2HE o]
PRt Aol fIx8lar Utk 259 Bl AdEet
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FrEet, fHEHRle] Fo S, AAYE A4 FHFo
2 IEE] JAThEAT 2, 1999; FEl5- 9], 1999). &
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48 A8E AFSIT AR 238 AlEe oM
ARH(0S1) AL (0S2), HAke(Csh), Y+
£F(DU1), MekeZ(BAL, BA3), 31t (HDI, HD2,
HD3) 18]1 F#l23(DR1, DR2) So|t}. 4Z7|4 &
28 93t ABAIE 7] 235 AR 9ol Yo
A1 7H(DU2), 92l 27H(BA2, BA4)S] A8E
F71= A8

2HGF AEE AR 100~400 m HSe) L1FA F
A AU AFANF oA 23572 pHe} 2k}
SAA] (Ehye FHEZ47] (Orion 290A 22)E =4
slgoH, ex 9 AVAEEE Orion 130A Fdo] &
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RE ABE AFH ZA, 045 pS/em AAGIIEIE o)
g3lo] BHEA T olEAS AASNAE dole, 20,
AEE 60 mL Zo 8710l A
2 Bysie] AdE AR &4

3 FE AlFEE7] oldEEY] &3
I A T HEs =) Y8l S 78k pH
2 oJs} H=s 243 & RA3ISth
Sv AU A2
A B ARE AE3E71E o83tk 231F B
38718 IFFEE A ddsle] 2357 g7l
A3 s sl 7IAEE AF A

32 5EME & Selda 24

244 Al tigk =9 Yol (Na, K, Ca, Mg, Si)
2 7R AATLY] AAEEE3E417 ] (Unicam
249 989, AAS), F=AF refzvplE BEEA7)
(Shimadzu ICPS-1000 2&)S- o]&3lo] B w3} v
24 (Fe, Mn, Sr, Zn, Li, Ba, Al, Cr, Cu, Ge, As,
Pb, U= el 74 SAA7ARY =29y
xejzul AR 7] (Fison PQ 1T 29, ICP-mass)&
AslgtE. F8 S0]L2 S0, Cl, NO;, F &< thd)
shue] o]l F7ZulE 723 (Dionex DX-120 Zd)Z #-4
st 249 2EEs ol Fol Atoldl] Mkt
A ARIse] R8st

23 AR AR g A QEYERIA] B4 g
TAAE AL FLUAEFEAT|(VG SIRA 11 2H)
£ o83l tha B FAEUAN] EAAYE 5
THSMOWPN EF3FE T-8-(%0)= LIS AF
2F5N9Ae BHAE +0.1%0]a FAFYYAE
+1.0%°]Ach

2355 Uy e AFHE AlFe ol
BARE AFsAs EA0] o] fojRh Akerae A
el SwjEo] =] o], F5IgES AR &4
o] 7Fedlth Ead 5L AESE B9 AR
600 g& HFZHOE 2007 F=3Yt v=9 A8
10g& F3k Cocktail 84 (Ultra Gold LLT, PackardX})
10 mLeo} &35} WA d3AIS 7] (Parkard 22507} Packard
2770TR/SL)E  AIE3IATHCalf, 1976). 4ori ©9le
TU(Tritium Unit)2 EAISRAL, 1 TUE 5494 109
ZF VR AETAE orlEtt 1L AR 1 TuE W
Als @912 0.118 Bq(7.2 dpm)el] NFHT}. Asael
AL A AT delA S A
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33EE, ol2Z, U2 S2¥s BN

2 e G571AI(He, Ar, Ne) S91€94 4
< g AsietdAolM =T AHE &
Tk EFAIRNA TR0 FE2 TSI AR A
25t F402 ARkE EZFE(Toepler Pump) Al2~F]
< o833t o] A|ZElE SAEY F=TIA v
£ 7 sl AEVAIE SAHE 5 Ue Aot
EZHEHE o83l 235ERH FE3 57
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4.1. HEFHE

B3I Aol Exalal e 23] 22 25.7~683
°cY] WSS BT QAR HRIE 0S1)9] g20]
25.7°CE2 7% 9+ &2 HoFH, TR
DRI1)°] 683°CZ 7F¢ =& 25 R gkeids
ALg the 230A 50°C oPde] =& 28 Hol 11
28 £Ho7 EHdn

2359 pHE 2FEE 0)E Hol=t] Mgk
A0Sy = pH 572 RS Hola, AL
(0S2)= pH 7.7, HARZG~= pH 8.0, Y724
pH 9.0, M3 pH 9.0-9.1, st} Fefe3d
+ pH 7.0~8.09] WIS 7Pt Wtk 23157¢] 41s)-8h
YA (Ehy= —24~128 mVe] S Helt}

2350 AHETE 2AFFHEE & AJols RBLIth
slethet Fe 237 AriHEEE 27 2,570~7,130
pS/cm, 987~1,683 uS/em HHE S kS HQlYh o5
272 S5 &3l o8l 2 AVIHEEE Hol= A
o= ol thgt A 8-S FEHT 2374 &
E2=(DO) THES 0.0~8.9 mg/L HME HTh A&
2HolA T 8 TS BRIk

V e
Dorr e

l‘

odk

4.2, 8fst=y
L] A EAL LR E sl ¥



Bl SRR SR8 549 2 95714 719 5

Table 1. Chemical composition of hot water samples collected from various hot springs in the eastern area of Korean peninsula

OS1 082 CS1 DUI BA1 BA3 HD1 HD2 HD3 DR1 DR2
Temp (°C) 25.7 332 458 40.3 52 514 54 55 334 68.3 458
pH 5.71 7.65 7.98 8.95 9.14 9.09 7.14 7.33 7.0 7.98 7.75
Eh (mV) 42 31 59 6.0 137 -24 65 6.0 128 6.2 5.6
EC (uS/cm) 1090 202 331 229 258 240 7080 7130 2570 1683 987
DO (mg/L) 8.87 2.03 1.25 8.29 0.81 3.01 0.59 0.0 042 1.05 0.63
Na' (mg/L) 276 315 52.7 42.8 523 443 817 921 286 227 157
K" (mg/L) 20.22 0.53 1.28 14 1.38 0.89 28.3 327 9.47 7.52 3.51
Ca®* (mg/L) 21.6 172 14.3 3.53 1.57 1.09 508 556 182 632 353
Mg?* (mg/L) 1.15 0.16 0.08 0.05 0.11 0.03 3.36 2.24 1.94 0.17 0.21
Sr (mg/L) 1.02 0.15 0.13 0.04 0.08 0.02 6.91 7.58 247 1.23 0.67
HCO; (mg/L) 793 76.3 130 80.9 97.6 86.9 38.1 32.1 1434 458 122
SO (mgL)  31.99 10.17 12.66 6.76 15.59 17.95 143 133 76.1 47.69 50.16
CI' (mg/L) 7.81 2.62 20.44 6.93 11.96 10.79 2401 2409 553 364 180
NO;™ (mg/L) 0.0 0.74 2.32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.03
SiO, (mg/L) 69.5 519 54 50.7 76 66.9 63.7 632 532 582 53.1
F~ (mg/L) 7.04 8.29 8.26 124 4.15 3.89 531 1.35 5.75 3.97 0.38
*EN (%) -2.04 6.43 —6.06 541 -1.66 —6.94 -7.08 -1.67 5.54 4.15 3.07

(unit: pg/L)

U 11.7 0.3 16.5 64 0.0 0.2 1.0 0.8 2.1 32 20.2
Y 6.5 1.2 03 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0
Ba 572 0.5 0.1 0.1 0.3 0.5 207 204 84.2 139 6.4
Li 282 85.5 110 93.5 40.7 48.9 218 218 128 139 121
Al 760 121 13.9 20.3 14.7 194 1.7 14 0.7 9.0 54
Be 97.8 2.5 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Cs 14.5 7.7 0.2 1.1 42 2.6 151 125 299 25.8 10.0
Ga 0.0 0.8 2.1 22 4.2 3.6 0.1 0.1 0.0 0.8 0.3
Rb 157 93 2.2 34 7.6 53 230 195 614 36.3 15.5
Ge 2.8 0.7 1.1 14 1.7 1.3 1.3 L5 0.9 1.8 1.2
Mo 223 42.6 122 28.3 319 494 11.5 15.0 29 33.0 82
Nb 13.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sb 0.0 0.0 0.0 0.0 0.1 0.1 0.6 0.5 04 0.1 0.0
Sn 0.2 0.1 0.1 0.1 0.5 0.2 0.8 0.8 0.1 0.0 0.0
W 3.0 4.6 6.6 54.0 18.9 14.6 3.0 32 0.9 4.5 1.0
Co 0.1 0.0 0.0 0.0 0.0 0.0 0.8 0.8 04 0.1 0.2
Cd 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0
Mn 565 283 0.5 0.1 0.5 3.1 103 75.0 327 04 1.6
Ni 49 2.0 0.6 0.5 0.2 0.6 2.6 33 3.0 0.6 13.5
Fe 10254 94 187 4.5 43 10.3 2045 1735 629 229 267
Cr 3.1 0.0 0.5 0.2 0.3 0.0 04 0.3 1.1 0.2 7.0
Cu 15.6 11.1 0.7 0.5 0.5 0.8 7.6 74 3.1 2.4 2.8
Pb 0.3 0.1 0.3 0.1 0.0 0.1 04 3.6 0.2 0.1 0.2
\% 0.6 0.5 2.0 14 1.7 1.1 12.1 12.9 54 33 1.3
Zn 50.1 14 23.9 0.3 1.0 7.3 33 12.1 152 2.4 10.5

Ion balance error

AeAAEHE 081), dHEld PR EWE 082,  HD3, DRI, DR2)C.& A3yt
CS1, DUI, BAl, BA3), 353 2 AIEHE HDI~ AFAY 2359] T8 Jol2l Na9| Tk 31.5~
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921 mg/Le] HIE HRIth. Qe k2%=0] Na e
276 mg/LE F33] w2 TS Hole v Qo) ¢
gk LAATE Y] 40T 315 mg/LeE &
T AolE BTk fARE AT Bike] EA)
ofol] mWebA] Naol ggo] & #jo|5 HRlt). tE U7}
2] L3500 Nao] gHe 42.8~52.7 mg/Le] WS K
Aot #E 23120 dhell Sel3e] Na o] 33
T 6747 mg/L} 192 mg/Lg 22t HAFH, 53], ¢
o] &3 21891 HDI(817 mg/Ly¥ HD2(921 mg/L)ollA
T A33] =2 FEE HRAG olF &3 dige] &%
T R sES Ay AFale] SO %S Na
o] FHgS Hole o= AR, 2001). 3%

o

Lo

3 Ak S Na AR 0] Edolt o
Q9lo] EAlsA] QR=Th F2 AvlolE o] B BE
MSIPS AXNRN X FRE ROz e 4
i},

L350 K TS 0.5-32.7 mg/Le] WSS Bl @
AR ATl 202 mg/LE = kS Hola, &
7l LHGFANME 0.53~1.4mg/Le] S S Bl
o} 2g)ar SIS ME 283~32.7 mg/LOE HS
e Kol FLHAME 3.51~9.47 mg/Le] T
5 HRITh KO] 7S ZEPd e SRR &3l
o3l 235l T2 & Aok

231l 8 goleF SRI Ca T 1.1~556
mg/L HIE HTh QAERR2H49] Ca TS 216
mg/LE, QAT 9= 172 mg/Le] 555 782}
Hg v R 2345 CSI1olMe 143 mg/L
FEE 0829 AR FEikS Koy AEXA|Ye) HaE
3= 2312 BAL, BA3, DUl 2FHFOME 1.09~3.53
mg/Le] FE HE Ko JFd] e Ca TS HLITh

o 2349 st 23] Ca FHFS Hit 415
mg/LE AR FoX 7P E=31, ST Ca T
e i 492 mg/Le HLATh 23U Cao] FHES
Bl AREAY] Ba 1Ejar et B
At S 2olA FF o F2 Ca T AR
Aofu} WsfjAle] gafjirnt ope} el o] 78 8
2loZ HQIT}

L1 M9 3RS 0.0-3.4 mg/LET 0.9 mg/L)E
uhg- B2 FEE BRItk MgolRe] Fo VYo Re &
Zrlo|ES] &3], MgAtsl FEolu 24, 34 59
T FEe] aljol oJgh Flo] Ynkdoltt.

T FEEHE T2 83 IFEHT SO, T
50.7~69.5 mg/L WSS HLIT},

—
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230 F2 2089 HCO; e 32.1~793 mg/L
o] MRS HRITh SMERRHS] HCO; TR 793
mgLE 7P} %2 @S Holw, dvie] 23109} aid
235X HCO; FHe 22t W 944 mg/L, 763
mg/LE QAERF ] vlgle] vk ghs HLIoh

Cl e 2.6~2,409 mg/L S HRIT}E Nordstrom
et al. (19891 2J3PA Xl Cle] 719& s=e] &3,
TR BEEEE 2 AN 5 ks 2Eal
AEZREZHEY] T3S AT oA Naol 3+
el o3l Arente} 2ol afetiet s siE 235
A Clo F2 T FAEAES] S8l TAEEE
o] B9k ukgo] oJgt FHETE AFS sl HE
o oJgt st FH FHOE B F 9t o= &
=2 27379 A 2 4 B9 240 oEixs
SzlEn

SO, 3HkS- 6.8-143 mg/L WIS BT Ivle] &34
ot sl 2379 SO, FEFS A 6.8~18.0 mg/L,
477-143 mg/L HE B 23 FEE FElE
E3lo] BLIThFig. 6b). SO, 12 dlolM FHHAY
slgEe] 2kl 9 gel2E T2 7|¢d sl 2
] so/t FakE AL dge] E3oll o Ao
Helo},

2459 F gk 038~124 mg/Le] HMIZE IF s
@ 239HD2, DR2)Z A3 ti-e] 3ollA =&
EA0] RS BRIt 2315 49 719 #4(CaFy)
o] -g3jj} %E‘r‘:ﬁ!‘, Z}_)Er]}’\%]‘l‘:?, ?lfi]’—‘%](Cas(Cl, E, OH)(PO,)s)
59 OH X8kt B4o] 83flell 7|91$HHHem, 1985).
ATAY 23& iR SPeks EYo g &) wiEd
237 F 352 572 OH7IE A3t F Ao
37t 8 71902 A ETh Apambire, 1997). A&}54.
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Fig. 2. Diagram showing the relationship between major ions (Ca+ Mg, Na + K, HCO;, SO,+ Cl) contents and pH variation of the hot

spring water samples in the study area.
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Fig. 3. Trilinear plot showing chemical composition of hot spring
water samples collected in the study area.
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Table 2. Tritium level and hydrogen and oxygen isotopic
compositions of hot spring waters in the study area

Sample 5%0 8D Tritium
d-parament
No. (V-SMOW, %o) (V-SMOW, %o) (TU)

0OS1 -11.7 -86.4 72 -
0S2 -11.4 -80.7 10.5 -
CSl1 - - - -
DUI1 -10.3 -72.0 10.4 -
BAI -10.2 -70.5 11.1 -
BA3 -10.3 -72.9 9.5 -
HD1 -7.9 -57.3 5.9 0.28
HD2 -7.9 -58.7 4.5 0.00
HD3 -7.8 -57.1 53 8.85
DR1 -8.2 -61.2 4.4 0.33
DR2 -7.8 -58.5 3.9 591
— : not measured

-40
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5180 %)

Fig. 4. Plots for 80 and 8D of hot spring water samples in the
study area. Abbreviations are the same as in Fig. 3.
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Table 3. Noble gas isotope data of hot spring water samples in the study area

“He/'Ne “Her'He e M

Sample type (676) ZONe/ZZNe Z]Ne/ZZNe 6721/22 38Ar/36Ar. ef38/36 4°Ar/36Ar e*40/36
OS1 Gas 205. 3.317 0.051 9.784 0.029  0.02937 0.00092 0.18802 0.00059  309.5 0.31
0S2 Water 2.04 1.183 0.022 9.750 0.029  0.02910 0.00090 0.18826 0.00058 296.78 0.32
CS1 Water 8.87 0.530 0.012 9.703 0.029  0.02903 0.00090 0.18848 0.00065 297.56 0.40
DU1 ‘Water 14.4 0.178 0.017 9.717 0.030  0.02907 0.00090 0.18769 0.00056 297.96 0.27
DU2 Water 11.3 0.146 0.005 9.678 0.030  0.02903 0.00090 0.18837 0.00059 298.06 0.24
BA1 Water 15.8 0.399 0.013 9.761 0.029  0.02911 0.00090 0.18781 0.00066 296.16 0.26
BA2 Water 12.3 0.340 0.031 9.600 0.029  0.02906 0.00090 0.18847 0.00057 297.09 0.38
BA3 Water 11.3 0.369 0.008 9.748 0.029  0.02905 0.00090 0.18813 0.00054 296.02 0.25
BA4 Water 12.1 0.39 0.012 9.791 0.029 0.02914 0.0009 0.18787 0.00055 295.49 0.35
HD1 ‘Water 17.2 0.458 0.142 9.715 0.029  0.02902 0.00090 0.18835 0.00058 297.39 0.27
HD2 Water 17.7 0.423 0.019 9.540 0.029  0.02898 0.00090 0.18815 0.00061 297.62 0.28
HD3 Water 0.795 0.793 0.016 9.725 0.030 0.02937 0.00093 0.18797 0.00063 296.12 0.27
DR1 Water 12.7 0.656 0.014 9.689 0.030  0.02902 0.00090 0.18751 0.00067 297.60 0.40
DR2 Water 0.99 0.766 0.014 9.734 0.029  0.02907 0.00090 0.18830 0.00071 296.77 0.30
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Fig. 6. He and Ne isotopic ratios of the hot spring waters and
gases collected from hot springs in the study area.
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