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Geochemistry and Stable Isotopes of Carbonated Waters
in South Korea

4ok Jung-A Yun)* - ZFH(Kyu-Han Kim)*

2 o E AvoiMEe gl £Xshz 2319 NS o g @i £33 S g9 7)dg A7)
7] Y3le] &£ o) 2 F9A BAHAFE FYGT AE BAEE 25 v a® S gibes dAlR Ca-HCOo,
ol 43819 pHe 5.3~6.39) Helolvh ik tifide folest folee] F=rt 74zt Ca*>Na'>Mg>Si*>Fe? >K"
¢} HCO;>S0,>CIre] olth. Bakre] 3 {32 A2 Ca-HCO,F ol siB=t A& ol xpejzt Verd %
A NG AR el HAAYF

S BAFE ALE Aok A4 AR SAY HAY 2 3AYF AGGIHY BitrE Ca-HCO;3 WA Ca(-
Mg)-HCO o] $-Algtc). S HAEALR 2 sPddF A9(GIDEY ¥4HFE Ca-HCO;® WA Ca(-Na)}-HCO;¥& B
AFr} A4 2 Fi FHYA B A3 sk 7198 b A9 B £33 Vel A B4 uel T
A9A: 1% 83 @ 95 F3E BHPEa ) dikgre] watol 9] vhie] §PC(PDB)RNE —6.2~0.0 %o $lo1H, 2
719& dFEd AZ gt

Abstract : Geochemical and isotopic analyses were carried out to investigate hydrochemical characteristics, source of
carbon species in the carbonated waters in South Korea. Most Korean carbonated waters from different geologic set-
tings are characterized by a Ca-HCO; type with a relatively low pH range from 5.3 to 6.3 (avg. 6.0). The concentra-
tions of cations and anions in the carbonate waters are in the order of Ca?*>Na"™>Mg*">Si*'>Fe*>K" and HCO,>S0,*
>CI7, respectively. The HCO;™ ion is more enriched in the carbonated water from the sedimentary rock and granitic
rock of Mesozoic age in the Gyungsang basin(GII) and the Precambrian metamorphic rock and Jurassic granitic rocks
of the Gyunggi massif in the Gangwon province(GI) than those of the meta-sedimentary rock and granite in the
Ogcheon zone(GIII). Based on the oxygen and hydrogen isotopic data, the carbonated waters are derived from the
meteoric water, showing apparent latitude and altitude effects. The 8'°C values of carbon species in the carbonated
water are in between —6.23 and 0.0 %, suggesting inorganic source of carbon originated from the carbonate mineral
and carbonate rock in the aquifer.
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Table 1. Geological groupings and locations for representative carbonated water

Geological grouping Sample No. Location Rock types
G1 Precambrian metamorphic rock and Jurassic granite in the Ml Namjeon Precambrian banded gneiss
Gyunggi massif. (Gangwon province) M2 Sin Jurassic (?) biotite granite
M3 Bangdong Precambrian banded biotite gneiss
M4 Bangadari Jurassic (7} biotite granite
M35 Galcheon Jurassic biotite granite
M6 Osaeg Jurassic biotite granite
M7 Chugok Precambrian banded gneiss
M8 Sambong Jurassic biotite granite
M9 Hugok Jurassic biotite granite
G II Mesozoic sedimentary rock and granitic rock in the Gyungsang M10 Sinchon Cretaceous sedimentary rock
basin. M1i Dalggi Jurassic biotite granite
Mi2 Ojeon Precambrian meta-sedimentary rock
M13 Dunai Jurassic granite
M14 Ougok Jurassic granite and hornblende granite
MIS5 Madangdudle  Cretaceous or Jurassic granite
Mlé6 Bangagol Cretaceous or Jurassic granite
M17 Wijeong Cretaceous or Jurassic granite
MI18 Gasan Cretaceous or Jurassic granite
M19 Whangsutang ~ Sandstone and shale
M20 Sinan Cretaceous siltstone and shale
G Il Meta-sedimentary rock and granite in the Ogcheon zone. M21 Pugang pre-Jurassic biotite schist
M22 Myungam Jurassic porphyritic granite
M23 Chojeong Jurassic(?) porphyritic granite
P& wep] i Fele $AUF AGEIES - PR
94 R S Feb) SUR AAERSE, 2%
T, SEFFIA AAEEAL JUth Sgerekrs @Akl of
Y = 3

IF I A See F2SH A e Fd]
PR (A ok, ek, 2 el AHEHA ot

1999 29 9URE 19999 29 247 A= gkdb o5
AR QoA AH T Bt 2383 Babprste] HlE- AFE
A& BRG] A F e A e 2399 A& (Fig D)ol
delel A4EY L §F oleTEd B4 stk aug i
2o Ak Aah W ARFE AFE gkl AFAZRE
20 m Az ool NFHsI T

ARESY FroleFE, ASGBUAS ‘;' e pH

neter(Orion 290A)Z A ollA EFAEYI TDS= F |F0]
2o gFo g Aorlnz fEO|L FEE % H o] 2% qoi
7%]{‘}:5}951‘:}.
Sole BXAgE Al SA] HEdsle] 50 ml Fz=y
Al 715 o} F717} %017]'11 RLE 3 F YRl 1. Namjeon (M1 G1) o )
N . Namjeon K 2. Sin {M2,G2! 3. Bangd: M3,G3
;é) E-‘{}a}‘ﬁ‘:} oo}:o]% _E_}ﬁ'_g_ )\]E_E jé]]ﬂ%h:jj- = %_]/1\]‘_% 7]— 4. Bangadarii(M4,G4) 5. Galcheon (M5,G5) 6. Oasra]ggo(r;?GfGG) )
= o )o , o sciguﬁoﬁ ?R"ﬁ'é;é)m) 1?’ Sapbo?&wgﬁ?) R A
= = & KX = =] 10. Sinchol X . i 1. . Oj
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e N = *6. Bangagol (M16,G16) 17. Wileong (M17.G17 .G
Atk B AFellr BFee] HCOy™ 2 0.5 N 552 HCl (5 g o tnio61s) 20, apargailaai? E.Piﬁ;ﬁémgiéggu
_%’ Oahi‘l' Z)?S‘)——),: E_g Z]E‘F'Q] HCO}« ?;S:}E]:% 2 N %EQ] 22. Myungam {M22,G22} 23. Chojeong (M23,G23)
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HCIZ #HAstd g wAstaleh a2v A454E HA8E  Figure 1. The location map of sampling sites and regional geologic
A9
S

& +E
A e LHFE CO, 59 2o st B4 exprt LAstd  map of South Korea.
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HCO, 3t &A1 thilell thA] o]&8 oz 1 kg A
gt Aot} &, AAE A Fa ojole tE o]RE)
et EA3TI 7FE S charge balanceZE ©1&-3kd HC
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el @ik £5 Ao 529 ARs ¢ A o)
g pH, Eh, A7}ALE 2 TDS, 2559 234 43E Table
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B0l pH 53~6.39 HHE Holy, ¥ ARF Ee
AerE 5.9~799 pHEAE et 28 19 pH HIa
6052 T1F FHTE 5.8 1§ MIEHT 5.8)°0 vls) thh =
2 e R

ehabmo] Ehzbe 45262 mV(E 128 mV)elt}. 24k
(M23)°] BRE7) 718 38 Ehgh(262 mV)S 71AIM F-73ef
F(M21)9] &7 7P W 345 mV)E Btk ik
F2o] Ak ¥ AES9] 739, EkE 19~292 mVEH 17
mV)e] ¥H95 e

el 1F 1ol Z3AZ] Bk MI9es thE Bbg
o= 8 ohE pHy) 2.39) 7S 2Hd9) & Holw, Ehpt®
o F=& 7H420 mV)E YERdTHTable 2).
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Table 2. The results of field measurements for carbonated water, groundwater and surface water samples

Location Sample No. pH Eh (mV) TDS (mgl) T(°C) Sample No. pH Eh{(mV) TDS (mg/l) T (°C)
Carbonated water Groundwater or surface water

G Namjeon Ml 6.0 104.1 1151.6 6.3 Gl(sw) 72 291.6 50.5 N.D.
Sin M2 6.0 156.2 716.6 23 G2(gw) 7.0 174.5 314 52
Bangdong M3 5.8 153.7 958.7 7.9 G3(sw) 6.8 168.8 21.6 10.3
Bangadari M4 5.8 149.0 900.9 3.6 Gé(sw) 6.6 180.5 19.4 1.2
Galcheon M5 6.0 129.2 1413.7 3.7 G5(sw) 7.1 207.6 239 7.6
Osaeg M6 6.0 121.9 1763.7 N.D. Gé(gw) 6.8 186.7 21.1 N.D.
Chugok M7 6.1 85.2 1209.7 63 G7(sw) 7.4 136.9 25.1 3.6
Sambong M8 6.2 136.0 840.3 2.0 G8(gw) 6.2 218.1 72.1 43
Hugok M9 6.3 137.8 [119.8 5.0 GY(sw) 7.1 205.3 46.4 7.2

G I Sinchon M10 6.2 90.6 2208.4 N.D. G10(sw) 7.0 2122 33.1 N.D.
Dalggi Mil 6.4 97.8 2598.8 N.D. G11(sw) 7.3 172.6 292.5 N.D.
Ojeon Mi2 5.6 114.4 665.5 N.D. G12(gw) 6.1 163.2 49.1 N.D.
Dunai MI13 6.1 56.6 2056.0 N.D. G13(gw) 59 140.3 115.3 N.D.
Ougok Mi4 5.9 108.2 1224.6 9.7 Gl4a(gw) 6.8 142.6 44.0 6.8
Madangdudle MI15 6.2 131.9 1920.7 12.3 G15(gw) 75 18.5 340 8.0
Bangagol Mil6 6.1 88.3 1621.0 6.4 Gl6(sw) 7.3 217.0 327 5.2
Wijeong M17 6.3 162.2 1508.4 7.5 G17(gw) 7.9 182.0 151.8 N.D.
Gasan M18 6.2 163.9 1252.6 N.D. G18(sw) 7.0 173.3 119.3 N.D.
Whangsutang M9 23 420.3 2284.6 10.2 G19(gw) 6.9 2149 168.7 12.6
Sinan M20 6.3 140.0 1373.7 9.9 G20(gw) 7.0 213.0 210.5 92

G IIT Pugang M21 6.2 449 1542.1 9.7 G21(sw) 6.2 44.7 290.7 9.2
Myungam M22 59 179.7 481.1 1.1 G22(gw) 6.7 183.2 39.4 7.0
Chojeong M23 53 262.1 135.7 7.7 G23(gw) 6.3 2293 111.5 133

N.D.=not determined ; gw=groundwater ; sw=surface water
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Figure 2. Plot of pH vs. Eh of the carbonated water and ground
or surface water samples in South Korea.

NN melA)E sk o] Weh-B Wse] 2o 4VL s
Feol 93} BhGHE AwHos ould] BAE molx 3o
A8-BQ o] WAS pHol FFS FAL H5HS

wRs] F3 o)

EH2k429] TDSZES 136~2599 mg/l (HT 1346 mg/HE 7]
o) Byd = sidd oA AES 2 RS TDS
2l 57~242 mgl(e1EF& 5, 1997y |z Ads] =& e

LB e AHES E A9 TDSH#HS 19~
45‘__ ]LH_,] QZ-IO]— =1 §}.7J—01-
(GIDANA A2H = ok TDSE %2 #ETE 1701 mgh)e
Holw I t-go= XY AgEeolr] WAYH # Fet
7] AN (G TDSY HAFEE 1119 mglelx £ W
AHEALF 2 IAAFAYGINe] HE 720mg/1e] FE B

S Ea=g

2%

SEEE B Agke B ARF AloldllA FAF 2F

o]7} Vel en gRibpe] A9 £ ol ol 9= o
F3tA Ve QlTk(Table 3).

HCO;™ 0|2 : A 23S 314 &2 /=2 84 2
im WA ste] ThA] olEHog I ke 74]*}6}%} @il
ke 23 B4 F 7P FEg B2 & HCOs
olt}, B HCO; o129 F=7t 34 48 me/lolA ol
1912 mg/li 2 =Hr) tksE @ F 930 mg/l) ©] &
oA & 7], Fu, vldFEGSEMI0, M11, M13, M15)
E2 HCO; °l%%7F 1400 mgl ©)4eE %A Yez
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Table 3. Chemical compositions of carbonated water, groundwater and surface water

Anions (mg/1) Cations (mg/1)

Sag’;ple F Cl NO, SO, HCO, Ca K Mg Na S Fe Al Ba Zn Mn Cr
Carbonated water

Ml 021 441 nd 23 8633 1300 112 740 186 283 171 0016 1.710 0.008 055 nd.

M2 014 892 298 66 4889 1140 7.1 225 226 109 44 0029 0158 nd 059 nd

M3 018 336 00 65 6972 1870 41 166 61 208 152 0013 0.085 0038 143 003

M4  nd 108 nd 90 6649 1420 46 338 109 162 175 0011 0229 0033 065 nd

GI M5 036 411 nd 231 10133 2690 41 214 292 307 169 0039 0062 0086 138 0.06

M6 550 918 00 229 12039 419 370 nd 4000 369 48 1140 0.115 0030 046 nd.

M7 336 426 nd 65 8708 2260 37 84 375 223 238 0621 0023 0075 236 020

M8 168 336 nd 165 58.1 1470 7.1 132 176 278 178  0.739 0.035 0035 123 0.08

MO 123 348 nd 56 8080 2290 74 82 204 268 89 0078 0.02 0076 041 nd.

MI0O  nd 3645 nd 316 15607 2690 190 549 1920 315 117 0022 0.122 0.100 156 0.05

MIl 048 2488 nd. 265 19124 3000 17.8 1220 1560 292 88  0.034 0.164 0.124 122 nd.

MI2 010 406 nd 139 4554 598 92 263 259 329 370 0042 0074 nd 086 nd.

MI3 048 591 nd 08 15047 4210 37 106 465 383 223  0.164 0013 0.163 136 020

MI4  nd. 1392 nd 253 8574 2020 56 288 401 339 160 nd 0076 0076 156 0.10

GH MI5  nd 1164 nd 144 14103 2810 138 650 799 295 135 nd 0288 0138 136 008

MI6 nd 3310 12 53 1169.0 2575 43 618 369 360 151  nd .0321 0097 060 nd

M7 015 936 nd 184 11047 2329 34 475 672 188 49  nd 0168 008 1.03 nd

MI8 012 915 20 184 9012 2731 31 152 112 191 nd.  nd 0024 0100 nd nd

MI9 nd 1460 nd 15600 nd. 270 28 153 100 542 553.0 80.000 0570 3930 624 0.60

M20 075 4545 nd  SL1 9205 2345 40 391 544 215 13 0010 0073 008 092 nd.

M2l 168 672 nd 84 11137 2810 39 154 633 325 141 0111 0031 0092 1.16 007

GII M22 L1l 1470 16 171 3124 570 47 90 481 103 39 0132 0050 nd 075 nd

M23 002 177 284 108 482 239 35 22 112 152 nd 0164 0021 nd 016 nd
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Table 3. Continued.

Anions (mg/1) Cations (mg/1)
S";\]"(‘)"le F cl  NO, SO, HCO, Ca K Mg Na Si Fe Al Ba Zn Mn Cr
Groundwater or surface water
Gl 005 14 04 20 270 40 06 19 36 96 nd 0006 0010 nd nd nd
G2 0.16 1.0 0.3 1.0 16.0 4.9 0.5 n.d. 1.3 6.3 n.d. n.d. 0.003 n.d. nd. nd
G3  0.00 1.9 5.1 55 n.d. 2.8 0.7 nd. 12 44 n.d. nd.  0.004 nd nd. nd
G4 000 08 3225 52 33 05 nd. 07 32 nd 0017 0006 nd nd nd
GI G5 0.16 1.3 33 6.3 3.1 43 0.8 nd. 0.8 3.8 nd.  0.002 0.008 n.d. nd. nd
G6 045 3.0 44 43 n.d. 23 0.5 nd. 2.0 4.1 n.d. n.d. 0.008 0.13 nd. nd
G7 0.00 1.1 42 8.4 0.5 4.1 1.1 n.d. 1.1 4.6 n.d. n.d. 0.013 n.d. nd. nd
G8 025 16 21 81 377 152 07 05 14 46 nd 0020 0009 nd nd nd
GY 036 15 29 24 29 87 04 nd 16 52 nd 0007 0010 051 nd nd
G10 nd 3.1 41 54 76 55 09 nd 20 45 nd 0051 0005 nd nd nd
Gl11 0.06 7.8 52 102 1922 430 4.6 84 164 4.6 nd.  0.001 0.049 n.d. 0.04 nd.
G12 nd. 4.4 10.1 126 1.5 5.6 7.2 0.2 2.1 55 nd. 0000 0.019 nd nd. nd
GI13 0.26 124 260 316 54 200 4.5 1.8 6.0 7.1 nd.  0.000 0.044 0.11 0.04 nd
Gi14 nd. 3.1 8.1 139 24 89 1.3 n.d. 1.6 47 nd.  0.001 0.005 n.d. nd. nd
GII Gl15 nd 3.7 3.7 42 9.1 6.2 0.5 0.0 1.6 5.0 n.d. n.d. 0.009 n.d. nd. nd
Gl6 011 3.1 31 36 92 54 04 02 17 60 nd nd 0006 nd nd nd
G17 023 83 30 63 877 309 05 18 35 96 nd 0005 0033 nd nd nd
GI8 015 80 66 92 608 213 18 38 28 48 nd nd 0046 005 nd nd
G119 0.18 4.3 nd. 814 234 282 3.1 49 54 155 0512 0.046 0.020 044 1.27 ad
G20 034 75.2 73 238 344 359 38 87 164 4.5 n.d. nd. 0.027 nd. nd. nd.
G21 0.78 19.2 113.0 13.6 54.5 439 7.9 53 17.0 156 0.057 0.000 0.005 0.03 nd. nd
GIII G22 0.20 5.2 7.1 5.2 6.1 7.5 1.0 n.d. 1.9 5.3 nd. 0.07 0.009 nd nd. nd
G23 0.22 30.23 380 189 n.d. 15.2 1.3 03 151 164 nd. 005 0.004 nd nd. nd
mg/lo]3 1 THEO 2 GII(491 mg/l)e) &oltt. SO Ol : & %9 S0,7& F2 #3}dEe s3zrg
gt ke e XES 2 A EFe] A HCOy v TE M 8] gedM fuE F o) S E
7} gabol] BlE] We ke Holnl HCO,” B ¥EE 30 A9 ¥hilgeelA] SO, o]22 HAFEE 16.0 mg/lelil
mg/lelt}. @71, 47, 7Rk, BAFeks #2) AE(Gl, GI7,  BAbF F2 duiAEe 3 A ESe SO, BATEE 104
G18, G210l HCO,” X7} 55 mgl oo g At a5 mg/lelth.
o Hlgf =& Fs HolX o] FH Wil dFe we A GFGAFMI9)9] 7%, S&F 7121200 mg/elshel] H]
o= Asdrh s <F 77k de ddd) B2 FE(1560 mg/lelth B A
F 0|2 : &4l F o9 HAaFsEs 1.0 mglelth. 32 olF s o Ao v =& FE814 mghE
FREEMTRE 5.5 mg/l2 S8 71X (15 mg)E A 2 HAv) &gk pHE 24°]3 EhE 420 mV, Fed#e
etz Ak 2 AFAE2ZE GIET 1.6 mghelA 7 & 553.0 mg/i9l ALE Bol g4yt opd #3ltE 53] 3
A Vel 2 thee® GII0.8 myhel EA veRdTh A (FeSyol 4ts} whe-sted g Aot el <8
gk 229 ek Xl B AFEFY F ol HEFsE 9 89 sloA BAHC} e Aoz AlEH.

= 0.2 mg/lo]H, E5 08
mg/liE BQIth

NO,~ OI2 : qjRE9 ¢ NO; ol22 ¢2jztel kg9
olgt Zolgtr|B} friEe] A3, gy F4AHNE 5
9] AHA g71de FeElEn. &85 712X (45 mg/l ©]
shet Hlas] B o o] gbrt 718 olak: WA
Ehb @4 NOy o2 Had e 104 mglelth. od
v 2k (M23)= NO,™ 5571 38.0 mg/l o)2folm Aleks:
M2D)= 29.8 mg/lE Thh =& ks Heolr)
Cr 0|2 : BhibolA Clmo]R9 Hashs
SreFEM20)0l 4 Hohehek45.5 mg/l)yS Bt} ghaks
Aok ® AEFY CI ol HAFEE 9.3 mglol
ok B Aa(G0)lA HEE(75.2 mg/)S BTk

FT(M21) Fef A EpofA

9.2 mg/lo| L
! 5
A

]

AU o

120

F2 do|29 == BE

Ca?" 0|2 : Ca¥ o]2& F2 ERrpolE, {7 §9 x
&3l (congruent solution) == CaE X8I TAIEEES
Z3}4-3fl (incongruent solution)?l] &l&)| A4 Wz FFH
Ca*o]l &2 Byl 88 ol 48 5 7MY & 5%
HAFEE g0tk 24 152 me/lolA ol 421.0 mgl=
FTEYYE oieksich B A7 o]fd HA| ek Alge]
Ca¥' o] & Hghe 198.6 mg/lolth. 41& A AWZ & o, GII

old
R

na

rlo ol

(R

A AEEE BAAFE Ca¥'e BHF FTE(253.1 mg/l)7t 7t
4 =3 2 U202 GI(165.1 mgl), GIK117.7 mgN)e] <«

oltt.

Al F2] Ca? ol HTFsEs 14.0 mg/l2 22 &
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Figure 3. The chemical composition of the carbonated water sam-
ples from different geological setting such as group I(GI), group
II (GII) and group HI(GIII). GI: Precambrian metamorphic rock
and Jurassic granite in the Gyunggi massif (Gangwon province)
GII: Mesozoic sedimentary rock and granitic rock in the Gyung-
sang basin. GIII: Meta-sedimentary rock and granite in the
Ogcheon zone.

o vlE)] @3] Wt A skE FolA F7F ok
F(G21)7) 7 =& Calt o) FEMU4.0 mghE H

Na* 0|2 : Na" o} 71 Fa3d 719 =43E
AAe] vizelgs)] 7)golut. dake] g@Akee] Na'
7 63.6 mg/lolth <& X FA¥E wlas] B o), Gl 252
62.5 mg/l, GII&] 288 71.0 mg/l, GII ZE& 42.2 mgle]

&

=
HEe BoFETh @ik B 2 e4olAe] Nam olesk
L gt 45 mglelH 2 oA Bk B AE(G21)
oA 17.0 mglE 7HF &

Mg?* O] : & Mghe F83 7|9e ERUIE B
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Figure 4. Plot of TDS vs. chemical component of the carbonated
water samples. Symbols are the same as in Figure 3.
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Table 4. Hydrogen and oxygen isotopic compositions of some car-
bonated water, groundwater and surface water

A

Table S. Carbon isotopic compositions of bicarbonates in repre-
sentative carbonated waters

Sample No. SD%e(V-SMOW) 8'30%0(V-SMOW)
Carbonated water
Ml -70.2 -95
M2 -71.5 ~10.0
M5 -76.1 ~10.2
M6 -83.3 ~11.5
M8 -74.7 -94
M9 -73.3 -9.7
MI10 -66.9 -9.2
Mi3 -71.7 -9.7
M15 -65.7 9.8
M16 —-66.8 -93
M19 -65.2 -8.8
M21 -69.6 -8.8
Groundwater or surface water
Gl -71.1 -9.6
G2 -784 -~10.2
G5 -73.3 -9.8
G6 -74.0 -10.2
G8 -754 -10.8
G9 -76.5 -9.7
G10 —64.8 -8.9
Gl13 —-674 -9.2
Gl15 -67.3 -9.0
Gl6 —61.7 -9.0
G19 -65.3 -8.9
G21 —-61.4 -83
-50 - /
/
' 5D=7.35"0-0.6
g -60 —I
% | 8D=5.95"0 145
>
N
O\O
S oa0 —
0
17°)
Carbonated water
® a
+ a
80 -~ A o
' Ground or surface water
O ol
— Gl
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90 b —
-14 -12 -10 -8 B

8" (%0) v-smow

Figure 5. Plot for 8'0 vs. 8D of the carbonated water samples
from the study area.
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. 3C HCO,”
Sample No. Location % PDB) mg/l)
M2 Sin -4.2 489
M4 Bangadari 24 665
MI10 Sinchon -1.2 1560
Ml Dalggi(middle) -04 1910
Ml1 Dalggi(lower) -3.7 1693
MI12 Ojeon -24.2 455
Mi13 Dunai 0.0 1505
Ml14 Ougok 22 857
M15 Madangdudle -2.0 1410
M16 Bangagol -5.2 1169
M17 Wijeong -2.9 1105
M21 Pugang -6.2 1114
M22 Myungam -5.6 313
M23 Chojeong -6.1 48

ebdt). GII®l €4kFE Ca-HCO,8 WA Ca(-Na)-HCO,& o]
SAIsht G GIIzgol| Blgl A e® HCO, 9] Bzt Yt

A AT e AYUE Ei4E Ca(-Na)-HCO,& WAl Na-
HCO 8o, ZHAE Aoe] eBi4E Ca(-Mg)-HCO, WAl Ca-
SO o2 & ¢ v YHEZEE 5, 1999a).

EZ0|21 TDS2}e] ZHA|

A sl HNHNEE, 7% (hardness), TDSFLE A8k -5
Smof Askee] GAA ) wet g fEEEsE =
AL GAH AT LoJHFE o]F ol FUlEHAl duke A&
2T o, 53] ZU%, AT AQA AdEHE @A
¥ TDSHZ dSuiolA Fulo FE] &4 we
Solol HBEETE & EZ0] £EEHASE s St

St 24y g AR 5 A 4TS Fe
B Yobr7] Sjsl @abre) TDSE £ B9 8 o

23] AAE 1FHE BF3t A cH(Fig. 4).

TDS®| 7k §A Ca¥, Mg, Na+K™ g&o] ulgx oz
F7heic). HCO,~2 TDS9} HEig uigd AAE Holn 1§
HE B oo BT 0990149 e JAAAE vehdoh
H, S0, Cl'e 33 AL Rolx fEr) o 59

e
I
O
=2

gt AAo] A2 Bd FEA) o3 F=EL ujdles A
oz ArgHr}
tMESHr XY

To ¥ LA oINS Al

TR 1A A Ak Y FHLAE Asks
ol 719 B &3, B¢ Asurg, @l E89A S
W3k AEE AFete FaL ok @bl gk AR
Aer W AFEFe FYA A, ke D3 §'%0

e 74z -83.3—65.2%9F —11.5~-8.8%°Ith A& © F
H X EF SDFFE -78.4~—61.4%, 80 —10.8~8.3%°)c}H
(Table 4).
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Figure 6. Distribution of carbon isotopes of carbonated waters
from selected study area. The 8“C ranges of the Dalggi and
Chojeong carbonated water are from Jeong and Jeong(1999) and
Koh er al. (1999¢). Isotopic data of atmospheric CO, and soil
CO, are from Friedi er al (1986) and Aravena et al (1992).
Data of Korean coal after Kim and Pae (1988).
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ehatgdele] §°C we U™ 0% Axol EFd A
3%cel Hazte =k 49 %S 7FA ™ (Keith and
1964), WME3} 702 AE719de] 35C ¢he -5.0~-8.0%
Holz Aoy d#HA Ath(Deines and Gold, 1973).
durH oz A Fo| ghAke] §PC(PDB) #hel —10 % ©l
3tolm 7pH & %7171 (light organic source)?] ¥AZ 34
L, -10% oldold FAL 7l 7l(heavy inorganic
source)?] B2 r]Qeo g M= Ari(Schofield and Jan-
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, B Rk ghakel §UC(PDB)ERY —2.1~02 % BHE Z
AEIE) 371l EAe) 7I9E AR fU1719eE, 33
£ Fri71dez ddsiaen, eatdeae ai 7|d3 A
Hrjsle 7ide) ghhote) E3jo) §i%e-S RI3MATH(Schofield
and Jankowski, 1998).
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