ARSAXE, H413, X135, 15-32, 2008
Econ. Environ. Geol., 41(1), 15-32, 2008

L& M T Xjof BH40} X5k $2IXI A8 X SUL 6T

dmeH - HeW! - MS? - BRHAS
folgtol et et g, A St AREAR R TS, Seare XA ST

Hydrogeochemical, Stable and Noble Gas Isotopic Studies of Hot Spring
Waters and Cold Groundwaters in the Seokmodo Hot Spring Area of the
Ganghwa Province, South Korea

Kyu Han Kim', Yun Jeong Jeong!, Chan Ho Jeong? and Nagao Keisuke®

IDepanment of Science Education, Ewha womans University, Seoul 120-750, Korea
Department of Geotechnical Design Engineering, Daejeon University, Daejeon 300-716, Korea
3Laboratory for Earthquake Chemistry, Graduate School of Science, University of Tokyo, Tokyo 113-0033, Japan

The hydrochemical and isotopic (stable isotopes and noble gas isotopes) analyses for hot spring waters, cold
groundwaters and surface water samples from the Seokmodo hot spring area of the Ganghwa province were car-
ried out to characterize the hydrogeochemical characteristics of thermal waters and to interpret the source of ther-
mal water and noble gases and the geochemical evolution of hot spring waters in the Seokmodo geothermal system.
The hot spring waters and groundwaters show a weakly acidic condition with the pH values ranging from 6.42 to
6.77 and 6.01 to 7.71, respectively. The outflow temperature of the Seokmodo hot spring waters ranges from
43.3°C to 68.6°C. Relatively high values of the electrical conductivities which fall between 60,200 and 84,300 TN
cm indicate that the hot spring waters were mixed with seawater in the subsurface geothermal system. The chemi-
cal compositions of the Seokmodo hot spring waters are characterized by Na-Ca-Cl water type. On the other hand,
cold groundwaters and surface waters can be grouped into three types such as the Na(Ca)-HCO;, Na(Ca)-SO, and
Ca-HCO; types. The 80 and 8D values of hot spring waters vary from -4.41 to -4.47%o and -32.0 to -33.5%o,
respectively. Cold groundwaters range from -7.07 to -8.55%o in 8'0 and from -50.24 to -59.6%0 in 8D. The OXy-
gen and hydrogen isotopic data indicate that the hot spring waters were originated from the local meteoric water
source. The enrichments of heavy isotopes (**0 and 2H) in the Seokmodo hot spring waters imply that the thermal
water was derived from the diffusion zone between fresh and salt waters. The 8°*S values ranging from 23.1 to
23.5%o of dissolved sulfate are very close to the value of sea water sulfate of 8°#S=20.2%0 in this area, indicating
the origin of sulfate in hot springs from sea water. The *He/*He ratio of hot spring waters varies from 1.243x10° to
1.299x10-°cm’STP/g, which suggests that He gas in hot spring waters was partly originated from a mantle source.
Argon isotopic ratio (40Ar/36Ar=298x10'6cm3STP/g) in hot spring waters corresponds to the atmospheric value.
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Fig. 1. Simplified geologic and sampling location map of the Seokmodo hot spring area in the Ganghwa province, South Korea.
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Table 1. In situ data for hot spring water, cold groundwater, surface water and sea water samples collected from the
Seokmodo hot spring area in the Ganghwa province, South Korea.

Sample Temp. Eh EC DO
No. °C) pH (mV) (uS/cm) (mg/L)
Hot spring water
SM 1 64.3 6.51 -40.0 80700 0.26
SM 2 433 6.77 -43.0 60200 0.20
SM 3 68.6 6.42 -38.0 84300 0.16
SM 4 56.1 6.56 -28.0 72700 0.09
Groundwater
SMG 1 19.4 7.71 -93.2 101 045
SMG 2 14.1 6.01 492 454 2.00
SMG 3 143 6.14 501 65.3 6.06
SMG 4 133 6.01 501 145 4.16
SMG 5 16.8 6.32 482 160 6.71
SMG 6 20.8 6.31 488 79.3 5.40
SMG 7 10.1 6.08 74.1 108 9.40
SMG 8 6.20 6.02 162 113 104
SMG 9 8.90 6.33 197 338 104
SMG 10 5.60 6s.14 158 216 7.38
SMG 11 11.2 6.70 46.3 199 647
SMG 12 10.6 623 104 275 9.28
SMG 13 12.9 6.25 250 340 9.03
SMG 14 6.20 6.26 256 102 6.58
SMG 15 5.90 6.20 181 120 8.30
SMG 16 6.60 6.39 230 122 11.3
SMG 17 133 6.89 228 154 8.36
SMG 18 7.90 6.35 300 145 8.40
SMG 19 5.10 6.86 293 106 9.17
SMG 20 133 6.58 272 260 9.53
SMG 21 12.8 7.16 -87.2 312 231
Surface water
SMSU 1 214 7.39 394 59.8 5.66
SMSU 2 27.5 7.85 383 380 7.30
SMSU 3 2.30 6.52 135 839 119
SMSU 4 0.60 6.67 39.0 203 14.0
SMSU 5 1.90 6.65 147 164 10.1
SMSU 6 7.90 6.94 305 106 10.7
SMSU 7 7.80 6.28 133 71.6 6.60
Sea water
SMS 10.2 8.20 -85.1 36800 0.75
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Fig. 2. Plots for pH versus temperature, EC, Eh and DO of hot spring water, cold groundwater and surface water samples
from the Seokmodo hot spring area in the Ganghwa province, South Korea.
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~84,300 puS/em®] +& 7+ Motk el 43
F8 2359 H A7PAERE, 1,025 uSemLim, 1995)

of vI3PH v =2 e 7RIt Asleh A 24
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A3s] FAEld ez et Asel X E5e
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Table 2. Chemical compositions of hot spring water, cold groundwater, surface water and sea water samples from the
Seokmodo hot spring area in the Ganghwa province, South Korea(mg/L).

saﬁ:)ple Na* K" Ca% Mg»® Fe Mn St Si HCOy SO CI NOy F  Br
Hot spring water

SM1 3810 155 3941 294 0.05 1.17 988 359 119 724 15961 0.00 - 412

SM 2 5365 142 3677 266 0.02 000 894 296 503 875 14487 0.00 - 443

SM 3 7154 201 4860 357 047 1.16 119 44.6 128 674 18503 0.00 - 40.3

SM 4 6348 185 4295 319 0.57 1.16 108 40.7 4736 855 18043 0.00 - 40.3
Groundwater ‘

SMG 1 116 057 436 076 001 <0001 000 177 381 29 362 095 005 -
SMG 2 432 241 513 101 014 804 0.65 14.7 174 780 636 448 0.00 -
SMG 3 110 092 455 076 006 839 006 135 366 221 225 060 0.00 -
SMG 4 136 235 143 515 210 274 030 147 702 846 8838 000 0.0 -
SMG 5 19.7 1.19 134 206 006 464 016 200 580 105 1231 11.8 0.00 -
SMG 6 115 061 836 068 003 233 009 16.0 458 1.33 1.67 032 0.11 -
SMG 7 8.67 147 483 1.01  0.01 <0.001 0.06 105 229 236 309 136 0.12 -
SMG 8 10.6 1.62  8.39 178 0.01 <0.001 0.09 122 259 360 103 10.7 0.06 -
SMG 9 272 122 266 364 001 001 022 156 458 818 280 11.8 0.00 -
SMG 10 23.1 0.97 137 434 004 <0.001 0.15 195 336 7.60 167 681 0.00 -
SMG 11 206 440 10.8 517 038 1.62 0.11 122 870 562 824 000 005 -
SMG 12 20.7 100 306 3.09 001 001 0.19 177 458 351 18.8 214 0.00 -
SMG 13 251 188 29.1 633 001 0.00 035 142 153 3.07 114 875 0.00 -
SMG 14 9.87 057 947 1.81 002 005 009 129 397 232 336 233 0.09 -
SMG 15 994 381 104 190 003 005 0.10 129 412 160 266 1.80 0.09 -
SMG 16 139 065 8.68 131  0.02 <0.001 0.05 16.5 35.1 147 406 0.00 043 -
SMG 17 138 099 160 121 001 <0.001 0.09 16.1 519 358 939 496 039 -
SMG 18 13.7 1.00 125 191 0.01 <0.001 0.08 16.7 427 1.06 136 161 034 -
SMG 19 104 044 119 076 002 <0001 0.05 152 534 109 174 000 046 -
SMG 20 183 1.12 294 303 002 <0.001 021 140 595 433 943 - 0.05 -
SMG 21 199 218 200 535 350 012 015 1.56 125 000 9.16 0.00 0.07 -
Surface water
SMSU 1 675 071 8.71 1.01 002 440 007 963 336 324 230 029 013 -
SMSU 2 386 300 256 391 006 949 046 6.8 168 179 806 000 0.00 -
SMSU 3 66.1 392 60.6 123 003 032 083 940 305 12.7 177 128 0.00 -
SMSU 4 224 210 122 301 0.11 003 0.18 824 412 980 131 123 0.00 -
SMSU 5 152 245 144 273 070 014 011 961 610 310 613 183 026 -
SMSU 6 789 032 860 102 002 000 0.03 114 305 3.01 1.84 044 114 -
SMSU 7 512 259 706 131 003 005 004 548 305 295 1.50 000 114 -
Sea water

SMS 10320 652 386 1047 001 <0.001 646 1.54 137 2423 16790 0.00 - 322

*-: not determined, EN: charge balance error.
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from the Seokmodo hot spring area in the Ganghwa province, South Korea.
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5.1. Na*

AR X 2349 F2 ¥ol2e Nat9 &=
5,365~7,154 mg/Le] '33] ¥ 3hE Bk Unky
03 24 Ule] Natel g A4 79L& 37
oko] zobsgE-ol AbAA 9] H|%3}1-2-3) (incongruent
dissolution)o|t}. AR % A9 2ddqMe 2 AF
Fo29 o Y FREAoZE BRI Y
Ul Ao E9M whE- Fo 2 Nat =7t o}
J Aoz R v 23 FRAY A4
Nat FE+ 8.67~432mg/Lo 2 230 ulsh €A
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Fig. 5. Plot for §'80 versus 8D of water samples from the Seokmodo hot spring area in the Ganghwa province, South Korea.

3] Yt} N EF9 Nat 55+ 5.12~66.1 mg/L o|th.
a2 MET 29 42 Nat 5= 10,320 mg/lL
o|t}. Sung ef al.(2001))] 23 et SR
o] 2A4 U Nat B5e 44 1532mg/Let 9175
mg/Lelth. Choi2005) <3 BalAY 23 a7
M= 3 2eh23 (157 mg/L)? Se-L3 (921 mg/L)o)
237 W Na* g8k o9} fARBHA Uebdth. Kim
and Choi(1998)2 3si-2thiel Fal2d 2449 =&
Na* ¥ 2d5) 539 857192 Natvh &

8 Az spaski.

5.2. K*

2349 K= Al Bk 142~201 mg/LE
H2d sxrt mvh A3 AxFAME 4
0.44~440 mg/l, 0.71~3.92mgLe] ¥ oIt} s
Al delXe] Kt FEE 652mgL o]t} mep K*
E F2 3elM fYE AoR sy =8 A9
7 71928 Kre 8 F 448 FPeEo
LR et AskeAR A5E FeAE Ao o
A MEE 2o KreE ARASs: 2 A FEx] A
Solle QFEA 2 7)9S T3 e v 234,
AFABEEY Kre F2 dl9-5del 98 23FA=
FFHE AoZ FXdnh

5.3. Ca?t
MRE L3¢ Y Ca BEE 3,677~4,860 mg/L,
23 Bz A U G2 TR 4.36~51.3mg/L

(37 161 mgL) otk 282 XNFESF ] Ca¥t BEE
706~606 mgL(Hd 196 mghyoltt. 302
Ca?* Fx7t Asle, ABFEY A3 22 5HS
JHAZ gtk HRE AY dgor C2F FEE
386 mg/Le] & 2QIth s EUE 23 FAAY
235 A7 Sung et al., 2001)9 ©J3kA a-ed 23
Yo CltsEe 335.2~540.1 mgLE HAEATh
TS Choi(2005)2] B3l XY &3¢ ATAME 3
o L35 Vo) CHEEE 182~556 mg/lE BT
9t} 0|9} o] Arw 235 W Catrie U
B¢ EYY 2PN EG AR 52 g Holx
Utk ARE LAF Y] e Ca2t BEE I3
A #-37et WheAd] Na-Cawd njizo= 3=
o Mrwel 7Rkl AziEeelr|e] 434 AU
Arlgt ol A= Y& g s 45
ot} 23y & CagTol HE ¥ HCOs=w &
28] 7FsAdo] ¥k 23, X8k, A E M2t}
Ca?* Alolollz H(+)el FHAL 7K 23571 A
81, X ES vl Mg?te} Ca* 557 &t

5.4. Sr

v o)A T A FEEH o2 283 QTS S
Sre] = 235 el 89.4~119mgL olt}t. 28
2 ARE 34 el Sr FEE 646 mg/lolth A&
T ZMNEEE FHHEY W St FEE 365-505
ppm, E95 33 W Sr BEE 130~586ppm e
Aol tH(Shim, 1990). =& Lee et al.(2006)°0 2]3)
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5.5. HCOy

MRE X9 234 U HCOy BEE 47.36~
519 mg/l W ejelth. A= HCOy Brs=
153~174 mg/L o], A ¥<~(30.5~168 mg/Ly= A3}
T RARBITE oMY AEE 235 £ HCOy ©]
2 FE7} Y

5.6. Cr

Cr &&= 2359 Aok, Aol zhzh 14487
~15961 mg/L, 1.36~63.60 mg/L, 1.50~177.0 mg/Lol
o AEE 23 AY sREMSeIMe Cr =
16790 mg/Le)t}, X|8le) R #4= Alold] (I et
TG Ao7h Helx] gov}, £RSE NEe, A F
F 2o} CI F57} geks] Eom sl5ore] S5
FARE 24& 2t} Nordstrom ef al.(1989)] <]3}
| Ak W Crel 719e s £ 28 A%
T F2EeR 8 244 5)9) kg ae)w
FAZREL 3711 7190 Ut} =, d5¢ 598 &
AolA Crel 8 sEe AINEES] B4 v
ool oF FHROE Fre) AR 9% s £F
o] FE FFoE B 5 gtk

5.7. SO,%

SO EEe 2359} Aok, A wpoN 22t 674
~875mg/L, 0.00~846mg/L, 1.79~12.7 mg/Le]
Holrt. sgol el SO2EEE 2423 mglLe g =t}
ST Fo] SOFolee FE S5 RE 2 Uk
o ¥ Aoz AR 5ol v)Ele] 2350
SOfoleEErt we AL 2344 A2 39%
730l Stgol o] ) o R W73 4 gt

5.8. NOy

239} 35 ) NOgol 2 AZEHA 43y, =

3, ABFoIM 24 0.0~87.5 mg/LE 8.02 mg/
L), 0.0~183 mg/L oIt} thi¥e] 3¢ NOyol&e
F71=e] 74, A3t F7)E Tl A9 A
E 29 7199 2FY AR HI YE NOs=
o] 2HAA w9 e Fg HolAY Ao 7
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AAE] eHYZRE AgHo] 98-S RAFT g
o S84 71FU@5 mg/L olsha Blus] 2w 7|32
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& 34 E98 239 548 99 vl HEs
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222 234 W SO~ # Y992 HE 7~15%
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FFE2E7F e 23509, Heo2005) 23t A7
JME WA 23] Lx7 27.1°C2 wwEdh A
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Hr} & Holn, F9 4F o)Lk 5 IFo 9
& ol Na*(118 mg/L)9t Cr(191 mgLys=rt =
A veptz Aok S04 FEE 21.8mg/Leld,

SO} 3 BHYAYE 224%2 & L Btk
Fo B B9aME si5e] 547 24N, C
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o 913 e Ao Hol 2:% Y SO sl
7199 Aoz A HUcH
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F2o fRIU o] 2L FE2250) 106°CE
& Aol P8 o] Be exolt), 8 £F
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SO4(1152mg/L), CI'(2790.0mg/L)e)t}. Na*+K*,
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T 99 540 dAsA Ytz o (Kim,
1957; Kim, 2007). d¢ke-d: eids wine S48
o $XIehs A Mgt SiE Hop X|tollA
2157t 83 AT -G S8 60°CH &
gk, F8 £F o2 Nat+K' (7716 mgl),
Ca?*(2552 mg/L), SO#(1104mg/L), CI(1530.0 mg/L)
olH, sl fhol B A¥Ho|tHKim, 1957). AE
23 1ER2HE AR AdEL AE AU
© 2H-olt}, Falstold 12km Aol glen 2145
o] -2 33CE HIPIMNE e Hoj &3th o3
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mg/L)e, a7 {909 442 Kol IrhKim, 1957).
B B Re A 5me] HokdE 237 &
Hgoll ARBZ At HFAA Ao Z 50 km A3
Qell £x3IL Ark. - 37 FYE AgA
olth, &85 W 8 8 o2& Nat +K*(5373.7
mg/L), Ca®*(3075 mg/L), Mg?*(634.9 mg/L), SO
(576.0 mg/L), CI(14650 mg/L)°]tHKim, 1957).
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Table 4. Oxygen, hydrogen and sulfur isotopic compositions of hot spring water, cold groundwater and surface waters from
the Seokmodo hot spring area in the Ganghwa province, South Korea.

Sample No. 3'30(%o) 3D (%o0) 534S (%o) Sample No. 3'30(%0) 8D(%o) 5S(%o)
SM 1 441 320 235 SMG 14 -835 573 -
SM 2 444 328 23.1 SMG 15 -8.36 -57.8 -
SM 3 -4.46 335 233 SMG 16 -1.07 -51.7 -
SM 4 -4.47 328 23.1 SMG 17 842 -58.4 -
SMG 1 -8.10 -55.7 - SMG 18 -8.51 -58.8
SMG 2 -7.95 -51.54 - SMG 19 -85 -59.2 -
SMG 3 -8.55 -54.58 - SMG 20 -8.41 -57.8 -
SMG 4 158 -50.24 - SMG 21 -8.34 -57.5 -
SMG 5 -8.08 -52.06 - SMSU 1 -8.59 -55.35
SMG 6 -1.57 -52.16 - SMSU 2 -7.89 -51.54
SMG 7 -84 -584 - SMSU 3 -8.01 -55.3
SMG 8 8.6 -59.6 - SMSU 4 27195 -554
SMG 9 -8.19 -57.1 - SMSU 5 8.3 -56.9
SMG 10 -8.43 -589 - SMSU 6 -8.61 -59.8
SMG 11 -8.39 -58.6 - SMSU 7 -8.35 -57.3
SMG 12 -8.35 577 - SMS -1.89 -16.5 202
SMG 13 -8.28 574 -

-2 not determined

-51.54~-59.6%0% -51.54~-59.8%0 oIt} FLZ o] A
o Fge 2t AU GBORE -18%01H, 4 F
94BN @D)y= -16.5%0 ©|tH(Table 4). o} XY &3
9] AA, i FHAAE X8lS, AESY A,
T FHALNS HRE 5 Ak, 4 599
2H[9] A F7F 3k BAtHFg. 5). ol o] XY
e} Rk EF JEFT WE Aoz g

el 23, ABKE, AEFY 4k 2 a4 59
44 24 &35 (meteoric water line, Craig,
1961)° =AIEZ UTHFig. 5). ¥4 AEEE doj
A AEE A gk AFH <854 (local
meteoric water line)9] FA A& §D=6245%0-4.91
(R¥=1) oIt} Aot XEA M Y = )
& Aka¥ol(oxygen shift) F/Fe WA vt
(Fig. 5). ©] 22 o] Yehls Yede &34
A3t gellA] AAA Tl B H2o| Yo E-
& ¥k A=rt W] g oz sjadnt

Sejvel 232 giRE vshig 23oE 235
9] SO2¢] e 7198 & & TYUUAH] (>20%02
e sled, 23 235 235E X &
71987 2 3 FHYAMN(<10%)E 2 olFH, &
G UMY 55 Eske MY 7199, aela B3,
FUE, T 52 IR A EFH10%0<*S
<L20%)22 A I FEHE oAz JrhKim
and Nakai, 1981).

Kim and Nakai (1981)= & 5994 A& 53l
o) 2HF F2 50,29 §457e +20%.2M F
o] SOV EFE Aow, T £X4Y &4 e
+10~17%2A F3F4EF sl EFF T sAs)
Atk

78 e e 2Hee) & FHAAN @S
23.1%0~23.5%0 °Ith. 2L AT 359 3 F9)
AaH] 9 202%. otk MEE A9 2359
SO%9 & sigolr fHslReS noF Utk

8. IFV|H Seldlab|e Y

7], AFES, AFHF EAlshe g 71A<]
FZ7AE d7SgATRe] £ a3 AT
83 S8R tracer)®] & sl ArHMatsuda, ef
al., 1999; Nagao, ef al, 1999; Aka, e al, 2000;
Kusakabe, 2003). 53] &5 59940 CHe/*He)7} o
719} Azbgel g3t E Zolrt Jor= dF UL
HE 343 uE HEVYe HE EEV1YRTEH
AFEFHE exs 3] 949 olgaie AT
+ Aot

Park et al.(2004)9 2]l =309 &
o Uig I=71A Fd4ne] B30
WET|Y F EYL st div] NE
Al & E7EEY AR /B olE TR
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Fig. 6. He and Ne isotopic ratios of the hot spring waters and gases collected from the Seokmodo hot spsring area. SM:
Seokmodo hot spring. JI and SB: Pocheon hot spring and IC: Icheon hot spring (Shin, 2006).

Table 5. Tsotopic data of He, Ne and Ar of hot spring water samples from the Seokmodo hot spring area in the Ganghwa

province, South Korea.

Sample  “He/’Ne He/*He ONe/ Ne 2INe/**Ne BAr oAr DOArOAr
No. (106 (109 109 (109 10 109
SM 1 72.6 1.266+0.029 9.790+0.0046  0.02913+0.00006  0.18799+0.0004  299.62+0.25
SM 2 584 1.253+0.016 9.775£0.0043  0.02905+0.00004  0.18810+£0.00036  298.25+0.27
SM 3 50.6 1.243£0.019 9.749+£0.0032  0.02904+0.000034  0.18776+0.00032  300.57+0.36
SM 4 783 1.299+0.031 9.781+£0.0029  0.02905+0.00003  0.18842+0.00030  299.98 +0.26

unit : cm>STP/g

2 3 AR Hne 235 ) AF71A dF
THYLHE Fg 69 EAEGETE MRE 23409
*He/'He Hl& 1.243x10° oA 1.299x10%cm®STP/g
o[tKTable 5). &34 W @F7129 3HefHe H=
717199 1.4x10%cm®STP/g 3t 2o} wu), oj= =
Zh b 719 AR ‘Heo) £3FE] f4lo] 24
SIS AN ‘HeNe vle= A2 HE] He
=0 thet t7]1719 Heol £ ALE A3
AXNAZ 21H) Fig. 62 971719 He, Nest AH5-
WE7)9 CHe*He=11x10%cm’STP/g, “He/PNe>1000)
Atolel &9t di719} X)7+7) A CHe He=5x10",
‘He/’Ne>10001101¢] E3H3¢ vehlz gt} Am
L 235 F9 47 Ae F AR SFAmWE-
th71, AzZkdi7rlelel] EAED ol £35:2] He,
Ne 927} 379} DR Alolof] Egso] gle-g 9
T ARE A 2349 He 7kaE o] x4,
R A9 2359 He 7k=9} tE 71904 sa€
A0 Btk ARE A9 23459] He 7kaE WE

7199] "E7R7E AR Hol Qlok(Fig. 7). v
old Ae ti7171el AT} $AE £
A AHe A7719h9) AF7IF $AES BT
A4 W VArSAr YA 298.25x10%cm’STP/g
(AN EWMZ SM 2)~30057x10% cm’STP/g(A 8 5.
SM o2 t7]7]199] of22g AARit

flo 2

9. &# =

ARE 2RA YN 2HFWI AR), X3RN
AR), AT A8), VRS 35 Alg, 49 23
7k= Algd tiate] @5 B AP A9 s
£, EA9a0 g 4571A F9dAnE B A
7% A ot 2

D AE= XY 239 L34 pH 642~6.77 8
o epdolnt. 23] fE2EE 43.3~68.6°CE
ANAY 2HE FolM EEFLEr) 7MY =0k oA
o] 714X (60,200~84,300 pS/cm)=. #$- =k
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Fig. 7. Plots for “°Ar/*®Ar versus *He/*He ratios of hot spring waters in the Gyeonggi hot spring area.

240 Al SIAE 28.0~-40.0mVE B4 8
Aolth, 3HA, Aal, AFFE A8 B4 1l
th £31<9) 38Hy 8L Na-Ca-ClEold, XalsE=
Na(Ca)-HCO2IA Na(Ca)-SO,Z 9] 548 1o, X
EFe CaHCOZ o= FRH

2) 23, O 8838 = Na, Ca, Mg 59
Pol2-& F2 FHFEIEgolN fEld Roz sj4
Ao}, B3] 2385 Ul Ca ¢]29] F5& 3,677~4,860
mg/LE v¢ E2 e slealdntksel 2] Na-Ca
o3} B, HusE Fo) 71de® uy 2 4
At} o}EA FHEL FF ¢ B AWt 879k

@) 2359 Ak B 4 oY U944 (R0
# Dy 27t -447~-4.41%03 -33.5~-32.0%02 B
ot} A A3l §808 sDE 7 855~
7.07%0, -59.6~-50.24%°1" TS5 §80¢} D=
Z}zt -8.61~-7.89%0, -59.8~-51.54%02) B olt}. o]
£ #E BF &3 e E4S Ve
23 1809} 2Hy} R3HE B4 S5 %9 2
FES Wgsta Sl
@ 2359 S029 ¥ FHUM (S 23.1~
235%02] MAZ o] XY 3 Fo| A & 59
LM (HMS=20.2%0)9} FARITE b Mre 23
F %9 S0 FEO)& gl ¥ | o= 3§
gt}

ok

(65) £R7kRe JE7IA) F9194H B4 A7) ‘He/
He £9949)E 1.243x10%~1.299< 10 cm®STP/g
olth. £34¢| *He/'He $-9194HE 719 14x10°
cm®STP/g 3 B}t Whe 3he Bl WEr|d dF
o] ¥ BAL wolx Utk £AHF W PArSAr
=991 AH|E 298.25x100~300.57x10° cm®STP/g &
717198 AR

I\ Al

B A= @AY 20049 54712 @AW
% R01-2004-000-10759-0)) a7HIZ FH=AT £
A7 3 Aol AlEAF BT T2 E AMEE
Aol thdthsla AAE, w2, okt HAls, F
719RlA AR}, 283 A3E AlAEA A
A3 ARE AFsE v S4Y et A
3o AMEQL HE AT R FE ARG
T Zo] AR} T3 F ARG oA B}
o] A7 AES Egdx wrke-S A3,

=

Aka, F. T, Kusakabe, M., Nagao, K. and Tanyileke, G.
(2000) Noble gas isotopic compositions and water/gas



Ash MR Ao exiesl Aglee) i 1 9 A7 31

chemistry of soda springs from the island of Bioko, So
Tom and Annobon, along with Cameroon volcanic
line, West Africa. App. Geochem., v. 16, p. 323-338.

An, S. W. (2005) Hydrogeochemistry, stable and helium
gas isotope of hot spring waters in the Bugok-
Magumsan area. MS thesis, Daejeon University, 68p.

Chae, G. T, Yun, S. T, Kim, K. and Mayer, B. (2006)
Hydrogeochemistry of sodium-bicarbonate type bed-
rock groundwater in the Pocheon spa area, South
Korea: water-rock interaction and hydrogic mixing.
Jour. Hydrol,, v. 321, p. 326-343.

Choi, H. G. (2005) Hydrogeochemical and isotopic stud-
ies of hot spring waters in the eastern hot spring
areas of the Korean peninsula. MS thesis, Ewha
Womans University, 71p.

Choi, H. S., Koh, Y. K., Bae, D. S., Park, S. S. Hutcheon,
L and Yun, S. T. (2005) Estimation of deep reservoir
temperature of CO2-rich springs in Kangwon district,
South Korea. Jour. Volcanol. Geotherm. Res., v. 141, p.
77-89.

Craig, H. (1961) Isotopic variations in meteoric water.
Science, v. 133, p. 1702-1703.

Heo, H. S. (2005) Hydrogeochemistry and noble gas
geochemistry of hot spring waters in the Honam area.
MS thesis, Ewha Womans University, 59p.

Jeong, J. G., Suh, M. C., Kim, K. S. and Hwang, H. J.
(1997) Characterization on the geological structures
and geothermal gradient distribution in the Yusong
area. Jour. Engin. Geol. v. 7, p. 173-189.

Kim, G. Y, Koh, Y. K, Choi, H. S., Kim, C. S. and Bae,
D. S. (2000) Mineralogy and geochemistry of car-
bonate precipitates from CO,-rich water in the Jung-
won area. J. Miner. Soc. Korea, v. 13, p. 22-36.

Kim, K. H. and Nakai, N. (1981) A study on hydrogen,
oxygen and sulfur isotopic ratios of the hot spring
waters in South Korea. Chikyugagak v. 15, p. 6-16.

Kim, K. H. and Choi, H. J. (1998) A geochemical study on
the thermal water and groundwater in the hot spring
area, South Korea. Jour. Korean Earth Sci. Soc., v. 19,
p. 22-34.

Kim, K. H. (2007) A hot spring of Korea. Ewha Womans
University Press, 238p.

Kim, H. J. (1957) Mineral springs in North Korea. Sci-
ence Institute, DPRK.

Koh, Y. K, Kim, C. S,, Bae, D. S. and Lee, D. L. (2000)
Hydrochemistry and environmental isotope studies of
the deep groundwater in the Munkyeong area. Econ.
Environ. Geol,, v. 33, p. 469-489.

Koh, Y. K, Kim, S. Y, Kim, C. S., Kim, G. Y. and Choi,
H. S. (2001a). Geochemical evolution of the Bugok
geothermal waters. Proceedings of Annual Meeting,
Korea Soc. Econ. Environ. Geol. p. 400-403.

Koh, Y. K,, Yun, S. T, Kim, C. S., Bae, D. S. and Park, S.
S. (2001b) Geochemical evolution and deep environ-
ment of the geothermal waters in the Bugok area:
Reconsideration on the origin of sulfate-type geo-
thermal water. Econ. Environ. Geol., v. 34, p. 329-343.

Koh, Y. K, Kim, G. Y., Kim, C. S., Bae, D. S. and Sung,
K. Y. (2003) Deep environment of Dongrae hot spring
water. Jour. Groundwater, Proceedings of Annual
Meeting of Korea Soc. Soil Environ. p. 583-586.

Kusakabe M., Ohwada M., Satake H., Nagao K. and
Kawasaki L. (2003) Helium isotope ratio and geochem-
istry of volcanic fluids from the Norikura volcanic
chain, Central Japan: Implications for crustal struc-
tures and sismicity. Econ. Geologists, v. 10, p. 75-89.

Lee, J. R. (2003) Hydrogeological characteristics of the
Whasoon hot spring area. MS thesis, Pusan Univer-
sity, 87p.

Lee, J. U., Chon, H. T. and John, Y. W, (1997) Geochem-
ical characteristics of deep granitic groundwater in
Korea. Jour. Korean Soc. Groundwater Environ., v. 4,
p.199-211.

Lee, S. G, Kim, T. K,, Lee, J. S. and Song, Y. H. (2006)
Rb-Sr Isotope geochemistry in Seokmodo granitoids
and hot spring, Gangwha: An application of Sr isotope
for clarifying the source of hot spring. Jour. Petrol.
Soc. Korea, v. 15, p. 60-71.

Matsuda, J., Amari, S. and Nagao, K. (1999) Purely phys-
ical separation of a small fraction of the Allende mete-
orite highly enriched in noble gases. Meteoritics and
Planet. Sci., v. 34, p. 129-136.

Na, C. K., Lee, M. S, Leg, 1. S,, Park, H. Y. and Kim, O.
B. (1997) Hydrochemical and isotopic properties of
the thermal spring water from Chonju Jukrim district,
Korea. Econ. Environ. Geol,, v. 30, p. 25-33.

Nagao, K., Okazaki, R., Sawada, S. and Nakamura, N.
(1999) Noble gases and K-Ar ages of five Rumuruti
chondrites Yamato(Y)-75302, Y-791827, Y-793575, Y-
82002, and Asuka-881988. Antarct. Meteorite Res., v.
12, p. 81-93.

Nordstorm, D. K., Ball, ]J. W, Donahoe, R. J. and Whit-
temore, D. (1989). Groundwater chemistry and water-
rock interactions at Stripa, Geochim. Cosmochim.
Acta, v. 53, p. 1727-1740.

Park, J. S., Sumino, H., Nagao, K., Jeong, C. H., Hur, S.
D, Lee, J. I, Kim, K. H., Koh, Y. K. and Park, C. H.
(2004) Noble gas geochemistry of hot spring waters
and gases in Korean Peninsula. Proceedings of Annual
Meeting Geol. Soc. Korea, p. 50-51.

Park, S. S. (2005) Hydrogeochemical studies on the ori-
gin and geochemical environments of thermal ground-
waters in Bugok and Magumsan area, Southern
Korea. PhD thesis, Korea University, 151p.

Park, S. S., Yun, S. T. Chae, G. T, Hutcheon, 1., Koh, Y.
K., So, C. S. and Choi, H. S. (2006) Temperature eval-
uation of the Bugok geothermal system, South Korea.
Geothermics, v. 35, p. 448-469.

Shin, S. H. (2006) Hydrochemistry, stable isotope and
helium gas isotope of hot spring waters in the Gyeo-
nggi area. MS thesis, Daejeon University, 65p.

Shim, U. J. (1990) Petrological study on granitic bodies in
the Seokmoto and southern part of the Kanghwado.
MS thesis, Yonsei University. 221p.

Sung, K. Y., Park, M. E., Koh, Y. K. and Kim, C. S. (2001)
Evolution and origin of the geothermal waters in the
Busan area, Korea: I. Cooling and dilution by ground-
water mixing after heated seawater-rock interaction.
Econ. Environ. Geol.,, v. 34, p. 447-460.

Yun, S. T, Koh, Y. K., Kim, C. S. and So, C. S. (19982)
Geochemistry of geothermal waters in Korea: Envi-
ronmental isotope and hydrochemical characteristics



32 Aet - A8A - ARs - BEA

1. Bugok area. Econ. Environ. Geol,, v. 31, p. 185-199

. characteristics. II. Jungwon and Munkyeong areas.
Yun, S. T., Koh, Y. K. Choi, H. S., Youm, S. J. and So, C. Econ. Environ. Geol,, v. 31, p. 201-213.
S. (1998b) Geochemistry of geothermal waters in

Korea: environmental isotope and hydrogeochemical

2007 89 13 YA, 2007d 128 208 AR

.



