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Abstract: The geochemistry of the CO,-rich waters (Pco,<about 1 atm) in NE part of the Kangwon province was
investigated. The CO,-rich waters can be divided to three types based on chemical compositions: Na-HCO,, Ca-Na-
HCO; and Ca-HCO; types. The water chemistry indicates that these type waters were evolved through reaction with
host rocks by supply of deep-seated CO, during deep circulation, and their geochemical environments in depth might
have been different each other. The dissolution process of plagioclase is important in water/granite interactions and its
solubility change according to reaction temperature played an important role in the determination of chemical composi-
tions. The higher reaction temperature coincides with the lower difference in solubility between albite and anorthite. It
means that calcium is mainly released to the water in the lower temperature, whereas sodium in the higher temperature
due to high Na/Ca ratio in plagioclase. The application of various chemical geothermometries on the CO,-rich waters
shows that the calculated reservoir temperature of Na-HCO; type (about 150°C) is higher than those of Ca-HCO; type.
Therefore, we now interpret the recognized chemical difference was mainly due to the difference of reaction tempera-
ture. Considering normal thermal gradient, we can understand that the Na-HCO; type was evolved from deeper crustal
depth than the Ca-HCO; type.
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Table 1. Geochemical data of water samples from the Kangwon Province.
Sample Sampling Temp. Eh EC DO Alkalinity® LogPco,, TDS Na K Mg Ca SiO, CI° SO,~ NO; F
no. Date °C) (mV) (uS/em) (mg/L)  (x10%) (atm)  (mg/L) (mg/L)
COyrich water (Na type)
KW-1  Sep-01-98 194 6.0 113.0 1345 2.6 183 0.00 1628 3450 230 16 315 796 7.0 129 01 75
KW-1'  Jul-07-99 185 6.2 121.0 1348 3.1 19.0 -0.20 1773 419.0 25.0 2.1 446 877 83 138 <01 7.7
KW-2  Sep-01-98 18.7 5.9 1252 1268 3.8 21.3 0.15 2013 496.0 273 22 531 8.0 95 218 01 7.1
Kw-2'  Jul-07-99 182 6.2 131.0 2220 33 30.5 0.00 2624 5440 321 2.6 571 931 25 224 <01 7.1
KW-3  Sep-01-98 158 5.9 1093 864 3.1 10.5 -0.15 1020 2670 72 05 107 719 50 50 0.1 93
KW-3'  Jul-07-99 154 6.1 132.0 1058 2.8 115 -0.32 1089 2710 6.1 05 11.0 740 56 51 01 95
KW-4  Sep-01-98 134 59 1245 1956 1.2 20.2 0.10 1845 4550 13.0 52 540 61.0 83 80 01 49
KwW-4'  Jul-07-99 19.8 64 138.0 1871 1.5 215 -0.34 1921 457.0 105 5.1 532 601 86 73 <0.1 48
COy-rich water (Ca-Na type)
KW-8  Oct-30-98 145 55 445 725 24 8.0 0.12 713 714 45 73 761 325 6.7 161 03 24
KW-8  Oct-30-98 162 5.7 1500 778 2.1 8.5 -0.05 775 91.8 40 8.6 884 379 21 127 <01 26
KW-9  Oct-30-98 17.6 5.9 154.1 1205 1.8 11.0 -0.14 1104 113.0 3.8 21.3 152.0 381209 132 651 16
COyrich water (Ca type)
KW-5  Jul-01-98 144 6.0 1152 1528 35 16.2 -0.11 1463 323 42257 2938 761 29 211 01 09
KwW-6  Jul-07-99 133 55 1650 454 38 4.1 —0.17 419 66 05 9.7 725 540 33 136 01 1.7
KW-7  Aug-01-98 10.7 59 1950 677 5.1 6.7 -0.37 642 150 2.7 119 109.7 60.8 2.6 105 03 1.5
KW-10 Jul-01-99 114 59 118.0 1034 1.6 12.5 -0.12 1055 370 23354 1620 360 23 43 01 06
KW-11  Aug-01-98 162 58 1351 873 0.8 9.8 —0.10 855 148 16361 1400 351 2.1 92 01 02
KwW-11' Jul-07-99 104 58 [81.0 915 0.6 115 -0.06 964 155 46372 1400 392 23 78 <01 03
KW-12 Jul-07-99  14.1 5.8 108.0 921 21 10.0 —-0.10 834 152 29461 930 302 21 76 <01 04
KW-13  Sep-30-99 124 5.5 1640 1098 3.6 13.2 0.31 1140 359 33209 198.1 484 29 82 <0.1 08
Shallow groundwater
KW-14 Jul-01-98 202 6.6 1735 125 5.8 0.5 -2.17 8 151 1.1 15 53 123112 80 14 23
KW-15 Jul-01-98 137 6.5 2425 69 7.0 04 -2.15 63 60 07 16 37 194 48 14 04 04
KW-16 Sep-01-98 195 6.3 1440 271 6.5 0.3 —2.06 47 34 05 06 31 139 15 28 27 03
KW-17 Jul-07-99 17.1 63 171.0 35 6.3 0.3 —2.14 39 31 05 06 35 101 09 25 23 02
Surface water
KW-1S Sep-01-98 205 6.7 177.2 34 8.7 02 —2.61 34 23 05 05 25 92 10 33 1.7 03
KW-4S Sep-01-98 153 6.8 1184 57 7.5 0.3 -1.51 46 20 06 05 28 103 09 28 09 04
KW-58 Oct-30-98 13.4 7.8 144.0 53 9.4 0.4 -3.44 52 21 05 09 68 99 10 41 1.4 00
KW-65 Oct-30-98 130 7.5 1740 47 9.1 03 227 46 33 06 0.7 51 101 12 43 14 0.1
KW-7S Oct-3098 102 6.9 177.0 60 9.6 0.4 -2.63 47 19 05 01 81 84 09 45 1.0 0.1
KW-8S Jul-01-98 145 6.8 157.1 94 9.4 0.4 —2.45 56 69 17 14 37 75 37 34 24 05
KW-11S Aug-01-98 152 6.9 1572 29 6.4 0.2 -2.96 29 1.8 04 06 33 64 07 22 42 01
KW-128 Jul-01-99 172 6.9 151.0 46 8.7 04 —-2.50 54 36 09 1.7 36 118 1.7 238 1.5 01

?Alkalinity=molality of H" equivalents calculated from in-situ measurement

*Calculated from measured alkalinity and pH data, using computer code SOLVEQ (Reed, 1982)
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Iligure 1. Geologic map of the northeast part of Kangwon Province, showing water sampling sites. Each symbols represent different water types.
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Figure 2. Geological cross section of A-A'-A", B-B', C-C' and D-D' in Figure 1. Symbols are the same as in Figure 1.
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Figure 3. Plots of pH versus temperature (°C), Eh (mV), dissolved oxygen (mg/L) and electrical conductivity (uS/cm) of the water samples from

t1e Kangwon Province.
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Table 2. Minor and trace element concentrations of water samples from the Kangwon Province

Sample  Sampling Concentrations (ug/L)

no. Date Fe Sr Mn Al Li B Cr Cu Zn Ge As Rb Mo Cs Ba w U
COy-rich water (Na type)
KW-1 Sep-01-98  1,465.0 284.1 2940 961.0 254.0 104.0 24.0 4.1 157 4.0 09 6660 7.3 181 2180 20 26
KW-1'  Jul-07-99 5,220.0 412.0 1030 2700 509 164 57 <01 84 18 0.7 121.0 57 224 2140 22 39
KW-2  Sep-01-98  2,543.0 453.6 341.01,270.0 3450 1230 248 444 442 53 24 9320 79 251 2820 4.0 251
Kw-2'  Jul-07-99 2,123.0 5240 113.0 1170 619 229 107 <01 83 21 14 1500 78 249 1700 22 250
KW-3 Sep-01-98  3,752.0 624 469.0 308.0 340.0 62.0 160 37.8 51.1 3.8 1.7 3340 12.1 215 1050 44 100
Kw-3'"  Jul-07-99 4,125.0 53.0 1270 535 931 127 49 04232 15 15 540102 210 3534 36 69
KW-4  Sep-01-98  1,342.0 4803 221.0 144 4750 133.0 23.8 81 156 3.2 2.7 4390 190 309 1370 7.0 810
Kw-4'  Jul-07-99 1,794.0 495.0 954 3.1 2200 374 80 03129 15 1.8 808172 300 1050 3.6 565
COy-rich water (Ca-Na type)
KW-8  Jul-01-98 6,267.0 1,0322 6350 167.0 1050 1670 180 12165 18 82 190 138 21 1067 05 07
KWw-8'  Jul-07-99 6,702.0 1,263.0  329.0 952 41.7 355 84 03 81 08 7.7 128 17 26 1060 06 08
KW-9  Aug-01-98 1,574.0 2,2704 436.0 53.9 303.0 7320 347 43303 12 17 111 08 0.8 5490 <01 172
COyprich water (Ca type)
KW-5  Oct-30-98 16,309.0 1,733.0 857.0 251 608 4.7 567 10 59 15 175 81 0.2 08 1125 0.1 <0.1
KW-6  Oct-30-98  6,641.0 3642 656.0 5247 583 28 425 51596 0.7 12 21 03 06 758 01 0.7
KW-7  Oct-30-98 14,335.0 4926 676.0 4805 822 22 473 08106 13 11 131 01 37 99 01 <01
KW-10  Jul-01-99 9,225.0 1,954.0 4040 38 292 73 99 04125 03 <0.1 33 05 05 2180 <01 1.1
KW-11  Aug-01-98 15,231.0 1,580.3 391.0 283 41.7 6130 376 3.1 206 80 06 44 <0.1 03 2170 <01 03
Kw-1t'"  Jul-07-99  13,812.0 1,583.0 280.0 29 72 51 100 05162 05 <0.1 2.6 <0.1 03 2190 <01 02
KW-12  Jul-07-99 25,5160 7520 2590 S6 122 39 8.0 310623 07 56 115 <01 1.0 273.0 <0.1 <0.1
KW-13  Sep-30-99 10,932.0 1,912.0 1,416.0 95.7 1470 05 10 62 07 15 69 0.2 0.2 03 02
Shallow groundwater
KW-14  Jul-01-98 63 311 09 67 57 55 03138.022.0 <0.1 0.6 1.7 22 <01 461 09 03
KW-15  Jul-01-98 6.7 630 34 40 09 19 27 86 7.1 <0.1 04 <0.1<01 <01 442 <01 <0.1
KW-16  Sep-01-98 596.1  30.1 112 262 1.5 84 50 520 550 <0.1 <01 103<0.1 <0.1 426 04 <0.1
KW-17  Jul-07-99 230 240 12 170 <01 4.6 06 02129 <01 <0.1 1.9 04 <01 384 <01 03
Surface water
KW-1S  Sep-01-98 9342 213 34 218 1.6 74 52 620 9.1 <0.1 <01 55 05 <01 246 <01 <0.1
KW-4S  Sep-01-98 39421 204 383 131.0 1.3 94 751218 120 07 <01 146 07 <01 510 09 21
KW-58  Oct-30-98 343 356 1.8 1.3 05 <01 43 15 08 <0.1 43 08 03 <01 441 01 <0.1
KW-6S  Oct-30-98 335 364 109 26 3.0 <01 41 43 13 <01 38 09 04 <01 637 02 <01
KW-7S  Oct-30-98 612 362 37 60 14 <01 69 13 1.1 <0.1 05 1.1 02 <01 383 01 <01
KW-8S  Jul-01-98 673 387 169 536 09 195 21 52 59 0.1 08 30 02 <01 364 <01 <0.1
KW-11S  Aug-01-98 352 208 1.5 144 02 338 31 06 26 <0.1 <01 09 02 <01 316 <01 <01
KW-128  Jul-01-99 91.0 320 22 47 <01 26 09 20 14 <0.1 08 20 02 <01 1060 <01 <01
83, Cae AP Ee WM o228 faE & Aok A7 93l Ferl FFEHANH, Feo] Skt 4 sO,FE= F7I8)
qole) AR LAY W), DG WajAle) EATEsA o shl, Base] SOFEL W B ghe YEig. =3
& Supsta, B71A8 FANTY W] AT AOB T oF WG AREANA Bukgo] QW] SOt A
AY 7 AAW, BNFY WA §Fole PABAS 4 H 2= 48T + 2ok, Eheh DO 232 Abshueo]

48 % otk Bl B o) AR $E9E 3
o Gx7iglel welaE AERoz Bty Ags
B AR EAAGE 09 AN @E A 25
(Kenoyer and Bowser, 1992), Zeiu} ZAA=xd ghalyo] 73
? WMol disle] EXsYE 2953 ATt (Figure

o

- B

TA) BUEAS SIS FAT ARAY S4E A 3
seqlx1ode] A9, BAE 7t HP"Oﬂ ol B4 2
oz uslz b ‘r/} (28D =, 1999a). O] K, Mg &
For K44 3 8¢me] g3l o8l 32 7I°TS}U4 Fe 8
shge] sbslol] oelim FFE 4 vk Fslwge] shal

AW AL ]"]0}5’— AT Fe 25y 1349 OH&

2188k Fo] g 2HE] 7|98 4 AR (Savage et al, 1987,
Nordstrom et al., 1989), 842 & 2HE FFE /IR
WA 5 gk B galE FaEge Ao Al 9
& ZEAHE Ao= BUEHC) Flgure 7B°ﬂ vehd vie} 7o)
58 FEERS 7H) Na-HCO; 739 ehis o) byl
1 Qq UE RoFET Ca-HCO;#3 4 Sie 94
IS 2ol 3lom, ol Ca-HCO; 39
0}*— T FEEFol YAV e 4R34
T ¥ gz ZHs= FE daskua, A
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Figure 6. Plots of TDS versus Na, Ca, K, Mg, F, and SiO, for water samples from the Kangwon Province.

H2 Asshe A FHAsrel E8EY YERY d4)
o2 4 4 Ut

AR o 72 2857t FE2RE uel AR &gsiEy A
A -4 whgo] FIHEA o FL (mobility)’t BIZA
& °l2E (Na, K, Ca, Mg 53 22 4z 2 @49 ER
£33 Sioyt AFHLE BEHY, X3l Sio, %L o
22 MYz njFAd25e] gae ghalelo] X dT} (Hem

et al., 1973; Pace, 1978) 7P—%J_EXI°3 ERkee] A9 Avkx|E)
ol e wle =L Si0, TS HoFEn o WIED gy
(30.2~93.1 mg/L) (Table 1 and Figure 8). ol ©itse] &
dole -4k 2Exe] AolE Wigske Aoz
/\}.E‘E_]u:i’ F3pa A ole] EXo = gL E EAME= 4
FARAY 228 #HY F US o' AEATh Na-HCO,
frée] CaHCORFET= AUXoz 5o Si0 TS RBo|
Jon, AFEFA Lt TUHESE SioFEE tAE &
7hhe 7A%E BAF Ao, 7 £3¥9 AR ol 2%
TV BAEAE Ve S BAFET

KA

0|2
FUE SERAS BASFE FHET IR TR

A=

Fof ¥d) =& vFAAE FFEtE vt (Table 1 and 2).
1 F Fe, Sr, Mn, Al, Li, B, Rb, Cs, BaS°] FHAIHAL|
HlE) FESlo] 2 8-S Ho|i Ut} (Figure 9). £3|, Fedt
FE HI 26 mg/Lol €317, Na-HCO#8 Erl= Ca-HCO,

S84 $AEA JEITE Cast 3H8HH ABo] $AFE S
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< Ca BX543 543 548 HAth Mne Ca-HCO, 3
o AlsA Ve, Na 2 K9 fAR 5A4& zhe Livs
Na-HCO; 8o H3f=lo] Ut 53], E-9hukse) AA)ze &
&5+ Li, B, Rb, Cs5& etee] fdo mep 2 Aa
FxIo]E HolL o], Na-HCO; 587 Ca-HCO,F3 2] A
43k7do] ol AASt i

g, AEAFAZY wE nFeie] EAAAE F04
2o BAAIe= 2y 1998959 1999959 7S Li, B,
Rb o] ¥ e Vel o33 Azl A7)0 wE
e HlEgdog SNy Boe AgAFH 2 B
A of| A 'ﬂ‘*gﬂ oz F2E £ 9o}, a3nzE B d7
= HlFdAe] EQCERE B f80 WE E4S
514 3}7) EE}»— nZFA AR A gvke AASd). vF
e BN sl F

o
o
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F74a77k AF gk,

E 9
EHMIEA(COL(g))2] 7]%d
AAEAGA AN L£2HT e BE &%) pH, EC, DO
oM e Wkt Rolg HolHAME sEHoRE ofF Ao
§ BAAtolE Heolz ok 4 Asku) o)ibaiekie) 7)Y

Lg2M (1) d7lF o, (2) F71eae] Atsag
(Carothers and Kharaka, 1980), (3) ©tg3E4] &3], (4) 4
F71e] olitslera B8 & ¢ Uth olF Ul iy 7]
HeZA AF7ide] olagetAR sMEls AFE on] E
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Figure 7. (A) Plots of pH versus calculated saturation index of the
water samples with respect of calcite, (B) Ca versus F diagram show-
ing the saturation state of water samples with respect to fluorite.

2 AqAEe 98 29 v} ok (28 5, 1999a; 1999b;
1999¢c; A2rS, 71%; 1999). Yun er al. (1998a)Z Choi
(1998)°0 2l8ha S5 FURAY Sk Welidle) ga)2ke-3)
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Figure 8. Plots of dissolved silica (mg/L) versus outflowing measured
temperature of the CO,-rich water for the Kangwon Province.

ZAEA] GAF AP e ojistda B (1007~
107 atm) @S] 71902 ghrlF oldahea (1077
atm)9t EF7 e} o4kttt (1079~ 107 am)E #1242

T Ak gk FE ] vk
dkpe] ke pHE AEd 5
of &g 7hede ¥ SO FEHE AHsrle oYy wR)
Ao o2 M miAE £ I BaAEAYLENAT
FEF 5, AR AR89 BaFAdsT gx)st
A A5 FHEAY G olibstgtAaE AR719e o]
AstaaR Ashe Ao gHolrt. w3 Aakr Al
e FE oSl ARYGS B eudAAN LA B
AZF e Ag AASER, 23 datse ARS74904 84
HAES AAF} (Coudrain-Ribstein and Gouze, 1993;
Smith and Ehrenberg, 1989; Hutcheon and Abercrombie,
1990; Plummer et al., 1990).

]

SHELY
Asire) shet 2ge fAVL AER 29eE HA T H
A} zA0] G Fe WSS (o, B2 8900 W,

ol2xg w3 Ty

4re) Ao

S ARsked A2 ok E=3 A

FA7E 2 AME P 318hE FEP o
EESHeH, 4% AR AR WA Aeete ¢
sHeHe A Eol dojuR] AUTHAE, AF AR L2 X
*2 231 FA9 FGEMAERRY FZF £ o
(Fournier, 1981; Tonani, 1980; Arnorsson, 1983; Nieva and
Nieva, 1987; Truesdell, 1976, Giggenbach, 1988, Fournier
and Truesdell, 1973, Fouillac and Michard, 1981, Kharaka
et al., 1982, Kharaka and Mariner, 1989). &7} A<sdl=
ghe] LB ERSES JEES fo=d) Jge &
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Figure 9. TDS versus Fe, Sr, Mn, Li, Rb and Cs for water samples from the Kangwon Province.

Table 3. Estimated reservoir temperatures of CO,-rich waters from the Kwangwon area, using various published geothermometers

Sample In-situ Estimated temperature (°C)
no. Temp. (°C) QCP QAP CHP NaK" NaK? NaK” NaK® NaK® NaK® KMg® NaKCa” NaKCa” NaLi® NaLi? LiMg™®

KW-1 60 19.4 125 122 97 185 153 157 172 148 202 1i1 138 168 61 133 187
KW-1' 62 18.5 130 127 103 176 142 148 164 138 194 116 134 162 -8 66 274
KW2 59 18.7 131 127 103 171 135 141 158 131 189 111 135 160 58 131 182
KW-2' 62 18.2 133 129 106 176 141 147 163 137 193 113 142 64 -10 64 270
KW-3 59 15.8 120 118 91 126 8 91 115 80 146 96 116 130 90 160 152
KW-3' 6.1 15.4 121 119 93 115 70 80 105 68 136 91 108 122 28 102 205
KW4 59 13.4 tr 111 82 129 8 95 118 83 149 80 104 128 79 150 186
KW-4 64 19.8 1r 110 81 117 71 81 106 70 137 75 96 119 42 115 220
KW-8 55 14.5 83 8 52 180 147 152 167 142 197 52 43 133 98 167 269
KW-8 5.7 16.2 89 92 59 154 116 123 143 12 173 48 40 120 39 113 334
KW9 59 17.6 90 92 59 139 97 105 127 94 158 38 32 109 138 201 240
KW-5 60 14.4 122 120 94 241 228 224 227 218 255 38 14 144 114 181 347
KW-6 5.5 133 105 106 76 191 161 165 178 156 208 9 -20 107 250 288 315
KW-7 59 10.7 111 111 82 273 273 264 259 261 284 37 13 155 198 250 299
KW-10 5.9 11.4 87 90 56 179 145 150 166 141 196 24 10 118 64 136 423
KW-11 5.8 16.2 8 8 55 224 204 203 210 196 239 18 -1 129 142 204 391
KW-11" 5.8 10.4 91 93 60 332 364 341 317 345 337 36 22 179 40 114 592
KW-12 5.8 14.1 80 83 48 278 280 269 263 267 288 26 17 158 65 137 534
KW-13 55 12.4 100 101 70 209 184 186 196° 178 225 35 15 132 172 229 280

QC (quartz, no steam loss), QA (quartz, steam loss) and CH (chalcedony)=silica geothermometers; others=alkali-ion geothermometers [Data
sources: "Fournier (1981), ?Tonani (1980), *Arnorsson (1983), “Nieva and Nieva (1987), *'Truesdell (1976), ®Giggenbach (1988), "Fournier and
Truesdell (1973), ¥Fouillac & Michard (1981), “Kharaka ef al. (1982), '“Kharaka & Mariner (1989))
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A A2AE el A8
ot} &= 3ptE #HH
£5He §4
S Sk
ey o3 EANE
sl §EFE TS
- (Aires-Barros et al, 1998; Fara et al, 1999, Fouillac,
1983; Glover and Mroczk, 1998; Grassi et al, 1996;
Pastorelli et al., 1999; Pauwels et al, 1997)x= 433 &3}
Agelojo v om, Y (L&A 5, 1999c; Koh et al,
1994; Yun et al., 1998byll= S24ol B3 Ao}, ulg}
A B ERNE d8 7H] ARAE IR b 3
833 1 AAEZ o] &3t wabdrel] oist AR AR &

e 7t A0 B AHEIA ST
Algj7l X2AH—42]7F2| 4] (Founier, 1979)= &)
SiOAE et A4PH &l 71RE F2 AT (SiOy,
=8i0y,y). AT LA i H&ole A3 FF gl
de FEY (A9 TE 2 (chalcedony))?] Flo] $-AET}
. Arnorsson (1975)f] Wh2W olo]EWE IR FA 180°C
o) 38 Adge= A7 Pl i, 110°Col3lM = &
FoF Y ASS el v Aok ARGl 70~
140°CAlold M= 4 B S7F HEE olfe ez B
Z¥ v} }or (Michard et al., 1986), H&H LRG| A]] =
e 70°Ce)ElolA, Mode 1 oAt EE 2xdlA HE-Sojok
sttty AAlE vl Ut} (Kharaka et al., 1977).

FREAY gAY tigk delFixAle] F845, S4¢H
e 49e 483 J2A7E A4 YERAL 7]EF o] A 27
2 OARAR AL FAFEE ghE BolX 9o, FHEXY '
“te] A$e Y olg A2AE Agshe Zlo] Bget
ez AlgEnh MgAAe] AL 7le AeA L] HART
T thd e 25 F Holw v (Table 3), ol A4olA =
SR Ay} Aol ARZ Assie] YEe oA
12 olagof vial wEA AP Fete) =ger] wEelu}.

A A AR B NEFY AR 33
HAAXE Pt} (Edmiston and Benoit, 1984; Pauwels
e’ al., 1993). A2 Rhine GrabenR|ZolA H7IX]-2A0l 2]
5] 48 %7}t 71EF o)A 2Ao HiEl AF AEILEE
viehdle dA AEAske] EP2wet fAkEHAl UERta 9l
Tl (Pauwels e al., 1993). AT 7IA2AIS AUEA S gt
of F83 AaE Auud, Na-HCOF8 (111~133°C)9) &
27t Ca—HCOﬁ’r%é (86~ 123°C)Ru+=
I dew, gk {3 oet FE
2 4 Ut} (Table 3).

o2 X2AH—A947 gt A=
3l o] (Na-K, K-Mg, Na-Li) &= ©]
Na-K-Ca-Mg)& o83l E-44vreg #He
A2 AEE 4 vl (Fournier, 1981; Tonani, 1980;
Anmorsson, 1983; Nieva and Nieva, 1987; Truesdell, 1976,
Giggenbach, 1988, Fouillac and Michard, 1981; Kharaka and
Mariner, 1989). @Z-g]o]2(Na, K)& ©]83 XALLAE 7
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sl&hd A

e} Ak gE ngoz dZeAHe o] 2wdht
(Albite+K =K -feldspar+Na'}2 7|22 3L 9o, Na-K A
Ae 27 B2 A7zrEdd 93] AAHZ HEgE v Avt
(Fournier, 1981; Tonani, 1980; Anrmnorsson, 1983; Nieva and
Nieva, 1987; Truesdell, 1976, Giggenbach, 1988). L&U},
Na-KA &A= 150°Co e 2=y 9ola] FHEFojor stz
Aot uvlx= It} (Fournier, 1981).

Na-KA2A 9] Zhdex9 gk st 8459 HWe
Mok nf e Ho ke ®olw Ut} Na-HCO,&FAM% 70
~202°C3H& HolX, Ca-HCOFE e 7% w2 200°C0)3
S e Holn 4X|o] 364°CEHS Hol7|% Tt (Table 3).
oJEA T SEE Hole AL 4ARA sletd HYP L o
2 gaprt ARE Asshe 3o FHrgsie] wheo
Z duid ez K3arel S7iE7] Wi ] ZeR AlsdT
(Fouillac, 1983). Ca-HCO,$-8<¢ pHe= Na-HCO; -39 B3|
g R we Zhe Roli 2lo) Na-HCOFF Hrhs Y
wgo] Aoz o e FAeoz F&Hr) ole
A w, E3aE 9 YzhErg-

Gt A= 49T Ca-HCO,
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= RAe=
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Fournier (1981)° <}3FA Mg o] Ca¥taFe] 1/10013H
729 Na-KA LA Brhs Na-K-Cax| A7 A3 He Heln}
Ak, ol HE&EAd= HAAL] HFREE AAsh= ATt
A LA Bohes ta 52 38 2ol low, 7] A2A 9
vl dA o F& WY AF-2EE AASAL o],

Ao g Al5H

H
Na-HCOsR 89 4Rerg F4sk= Baa

= =
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th E2g 1ule} 7ol Na-K-Caxl Ao 23l 4 e thay
A A Adel FAM g Bl

K-Mg A &7A (Giggenbach, 1988)8 ©]-&-3 B4t 2%
A&7 3 Na-HCO,#%, Ca-(Na)}-HCO, %8 2 Ca-HCO, #
ol AL 747k 111~115°C, 39~53°C, 9~39°CE 7]g} A&
Aol wlal 43s] @ ke UERAT (Table 3). ol AF&
AHE7E AR Aedhs HAM W EFARES Aed
A Mgigol WEA AFFE o]FAH Hol B AFRE
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Ax R ZoZ AlgHY. K-Mg ALA9) Na-K A2AE o
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A 2% ¥ele Uehiie 9hA O 99 {48 BAE
3 B 2% HM9E YERIL 9], Na-HCO; % <]
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W 7 Qo] Bl AuAeR g2 W
A 4 et

188 A2Ae 7P dEAHJ] A5 FA 3
2% 4 drh (Fouillac and Michard, 1981; Kharaka and
Mariner, 1989). Na-HCO, 89 #8474 64~160°C 4
WA E Roji= nf, ol A 7|AIS vhe} o] Li EFH
37} A FZAFHAI 7O 2B Zolzt 7] HE AeR H])
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& o)&38reks A formation waterdl] s ZSHEUCH, Li 3 & Xo|E BogFEr}h I3ER, LiMgA2Ae F&
I Mgt FEFE Juidoz wE xd g A2 § T FIE 8= Ao HwHEd.
Aol M= o] §d 4 Ut AT AR, Al KF & LR X2A—2=¥ste] k2 fAe =3
APEO] B 9F 240°C o9 g AEIi tE XA A9 HINAE AFE ZEIYS o) &std o}
ol&ETHE 2t ol AN2AE Bo f ElE '5;
Ao L F4E F ATk (Reed, 1982). &, l
A slo} e} 2zt FEE IR F7F W) Q‘i‘% 04
o] Xsdefell Al He %7t AR dXE
= FAS BEEC] HILHE ol & EHE }
o}, 3RR ’fJ—rXP AZTE B A FA AR
dEshiAM HAEA s EEE 542 dukEl @45
shtoltt (Fourmer, 1979). o|21dt E3aHe-g v fAje 4
RAAR ] 873L gdle RS WS B g, A55-A9)
34 ARA s A o] AF-FA vl §Eo|F e}
e ot o]2 F£xFHog AMY 4 Uk (Reed and
Spycher, 1984; Hull and Reed; 1987). & A7AM= dAAE
Aol FHAUE o848 LE2WL 98 SOLVEQ (Reed,
(8) 1982) AFE T2 YL o83 FYE WU 7tAA
29 49 2 AXRA LY EFENE s AFARA
o w7t FA4HE vl 9Jev (Pang and Reed; 1998),
PHREEQC (Parkhust, 1995)5 o83} #AE A7t Pastorelli
et al. (19990 28] =818 v} ok YEAQU Na-HCO,#3
9} gke A|BE ogAXE KW-29 Ca-HCO#3¢ &+
¢l KW-109) tig Az} Figure 100 SAIHE AT B A
i s ;}7&9_}94 }_Ag:é)%gl ZLM ol A—lo:] ;q. mz‘%"%l:‘oﬂ EH»E},Q;] KW-
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Table 4. Chemical compositions of rock samples from the Kangwon province

Sample no. Na Al K Ca Fe Mg Ti Mn Sr Ba Li v Cr
(%) (%) (%) (%) (%)  (ppm) (ppm) (ppm) {(ppm) (ppm) (ppm) (ppm) (ppm)
Biotite granite 3.00 7.53 3.99 042 090 685 256 886 131 532 18.2 1.8 1.2
Biotite granite 2.54 7.53 330 1.13 1.11 1,700 1,400 305 311 987 309 8.8 52
Biotite granite 2,78 689  3.48 0.88 1.07 812 425 428 237 1110 30.8 24 0.5
Biotite granite 2.80 729 423 0.71 1.08 631 1,350 153 298 1,120 453 5.2 3.6
Biotite granite 229 7.05 298 216 219 6,200 2,800 377 352 684 40.6 56.6 8.8
Porphyroblastic gneiss ~ 3.07 7.66 1.75 295 321 10,600 3,190 629 403 477 58.1 69.4 9.1
Banded gneiss 243 7.05  3.76 1.51 176 4,780 2410 253 371 1,170 30.9 30.0 49
Banded gneiss 1.92 6.30 1.96 085 293 8500 2,100 373 241 1,041 84.8 52.0 69.4
Banded gneiss 2.29 7.19 296 210 225 6800 2,800 396 335 6353 477 55.5 9.0

Zn Co Ni Cu As Rb Cd Sb Cs Pb Bi Th U
(ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Biotite granite 40.9 2.6 0.6 6.2 0.8 179.0 n.d. n.d. 1.6 29.3 0.1 10.7 1.4
Biotite granite 63.1 35 12 10.5 n.d. 110.0 0.1 nd. 1.4 230 0.0 10.6 1.9
Biotite granite 335 2.5 0.6 7.4 0.9 103.0 nd. n.d. 2.1 30.2 n.d. 16.4 i.6
Biotite granite 18.8 2.9 6.7 9.9 1.1 140.0 n.d. n.d. 3.0 273 n.d. 15.7 1.7
Biotite granite 57.3 6.8 35 16.3 n.d. 853 0.1 nd. 3.1 21.6 0.1 10.5 24
Porphyroblastic gneiss ~ 63.5 10.0 5.6 15.3 1.7 46.3 n.d. n.d. 93.0 17.1 n.d. 6.0 09
Banded gneiss 443 6.7 2.8 12.3 0.7 71.5 n.d. n.d. 2.9 24.6 n.d. 12.1 1.5
Banded gneiss 61.0 89 297 16.4 n.d. 97.9 0.1 n.d. 52 14.8 0.0 20.7 1.6
Banded gneiss 56.2 6.9 3.6 16.2 n.d. 111.0 0.2 n.d. 2.6 21.4 0.1 15.9 3.7
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