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Geochemical Studies of CO,-rich Waters in Chojeong area II.
Isotope Study
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Abstract : The CO,rich waters in the Chojeong area are characterized by low pH (5.0~5.8), high CO, pressure (about
1 atm) and high amounts of total dissolved ions (up to 989 mg/L) and chemically belong to Ca-HCO, type. The oxy-
gen, deuterium and tritium isotope data indicate that the mixing process occurred between CO,-rich water and surface
water and/or shallow groundwaters and also suggest that the CO,-rich water has been derived from meteoric waters.
According to 8" °C values (-8.6~5.3%), the CO, in the water is attributed from deep seated CO, gas. The high dis-
solved carbon (-14.4~6.8%, 8''C) in groundwater of the granitic terrain might be affected by CO,-rich water, whereas
the dissolved carbon (-17.9~15.2%. 8'*C) in groundwater of the metamorphic terrain is likely controlled by soil CO,
and from the reaction with calcite in phyllite. Sulfur isotope data (+3.5~+11.3%, 8*Ss,,) also support the mixing pro-
cess between CO,-rich water and shallow groundwater. Strontium isotopic ratio (¥’Sr/**Sr) indicates that the CO,-rich
water (0.7138~0.7156) is not related to vein calcite (0.7184) of Buak mine or calcite (0.7281~0.7346) in phyllite. By
nitrogen isotope (8'°Nygs) the sources of nitrogen (up to 55.0 mg/L, NO,) in the CO,-rich water are identified as fertil-
izer and animal manure. It also indicates the possibility of denitrification during the circulation of nitrogen in the Chojeong
area. The possible evolution model of the CO,-rich water based on the hydrochemical and environmental isotopic data
was proposed in this study. The CO,-rich waters from the Chojeong area were primarily derived from the reaction with
granite by supply of deep seated CO.,, and then the CO,-rich water was mixed and diluted with the local groundwater.
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Table 1. Isotopic compositions of water samples from the Chojeong

area
Sample 80 8D Tritium 8Cypr 8*Ssou 5515/ 5N
No. (%) (%) (TU) (%) (%) %)

Precision $0.1%0 £1.5%010.3TU 10.1%0 10.1%0 10.000006 10.2%0

COy-rich water

CJ-1 -83 -582 60 -5.3 5.2 0714621 88
Ci2 84 602 179 6.8 58 - 13
)3 -85 -60.7 175 -6.6 64 - -

34 -83 -589 176 -5.3 7.0 - -

)5 -84 629 79 1.7 56 - 6.8
C3-6 -84 -582 1.7 -6.6 58 - -

)7 -83 -582 50 -6.7 8.8 - -

7J-8 -82 -612 80 -6.2 45 0715588 -

39 -83 -59.7 68 7.2 7.1 - 6.2
ZJ-15b -83 .595 75 86 .35 - -

C3-15¢ -84 -593 8.1 6.8 53 0713936 -

ZJ-15d -85 -598 7.2 - - -~ -

{IJ-19 -85 609 46 -7.8 - 0.713842 -

Low CO, groundwater

C3-10 -83 600 68 -10.1 43 - -

CJ-11 -81 -59.1 74 -112 5.2 - -

CJ-12 -8.1 -54.1 6.1 -10.7 6.0 - 9.2
CJ-13 -87 -60.0 85 -20.0 74 0.726039 26
CJ-15a -85 -590 84 -105 - - -

Ci-16a 76 -536 149 -144 - - -

CJ-16b -80 -600 137 -14.1 - - -

Cl-16¢ -83 -60.7 152 -100 11.0 - -

Cl-17a 63 482 154 -120 - - -

C3-17b 66 -51.7 149 -10.1 - 0.713336 -

CJ-17¢ 6.7 -49.2 101 -104 11.3. - -

CJ-18a -85 -628 19 -9.5 - - -

CJ-18b -86 -63.0 06 -1.3 - - -

CJ-18¢ -87 -694 03 -6.8 99 0714130 -

CJ-20a -83 -577 36 -152 - - -

CJ-20b -8.1 -599 4.1 -16.8 - - -

CJ-20c 83 -594 70 -153 9.0 0732863 -

CJ-21a 79 600 79 -179 - - -

CJ-21b -81 -574 93 -15.8 6.9 - -

CJ-22a -85 -585 6.8 -17.7 - - -

CI1-22b -84 -588 79 -168 - - -

CJ-22¢ -84 -606 35 -17.9 72 0723024 -

CJ-24 90 -654 - - -135 - - -

Ci-26 -84 -589 - -14.8 - - -

Surface water )

CJ-14 -79 -525 105 -156 - 0.713378 -

CJ-23 -89 -640 - -11.6 - - -

C)-25 -81 -59.7 - - - - -

A8 & AR Aashe A FEA e A Y
HAL Agolth. (1) A4S 2A VAt AHE Popast
9] f3pgEe] Aspitgs SIQTES L:HFE A 3
AHAE 7540 dA T, @] ANA By xsd 93
9 P313E eIEREe) wgos wiel 493 E 4
qap7lole a7t AhEEA 9l, 1999). 23] BdFE

173

A 1L FHYL

-30
@ CO2-rich water 8D=85"0+10
40 | ' ALow CO2 groundwater ,
O Surface water e
/”
V4
'50 I”A A
z e
S ’Id
3
-60
e
7
'
0 1 g A
rd
7’
Vd
+7 5D=85"0+7.1
80 LeZ
-11 -10 -9 -8 -7 6 -5

520 (%o)
Figure 1. 8'%0 versus 8D diagram of water samples from the Chojeong
area compared to those of local meteoric water (5D = 85'*0
+7.1).
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Figure 2. Log Pco, (atm) and NO; (mg/L) versus tritium contents of
the CO,-rich water samples from the Chojeong area.
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BAE U S@AEAULZAL Table 191 7Ixi=o} A
t} 23AA BEAEE O3 SEEAY vdAFALLUS
20.0~-5.3%2 "¢ He BXE wolX|tKTable 1), B34, o
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-11.6% g BAFE Qo] MR fE diavld £ ke
H#AP & AAST NAGH(Table | and Figure 3).
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_ Figure 3. 8"C versus Pco, of water samples from the Chojeong area.

Each boxes arc also showing the §'°C ranges of deep CO,
(Deines and Gold, 1973; Anderson, 1987) and of calcites
from the Buak mine and phyllite, respectively.
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2002 HHAE e Ae= 47A ArKSurdam et al., 1989;
Kharaka et al., 1986). £% Felststdols 4g€ wis} 2
o] 2FAY o] ZlHo A WA (5°C=-7.6~-7.0%)]
g2 viAY 4 dck(Table 2, 28A 9|, 1999a). 4
FEAAN 2EEFEAULAAE 2 W@l @y
FE3e] v FAYE BAFE Qo

A3 2/ 7l Ao MY 4 vl ¢l
ot e gM e £4 £ WAdRRd 9% Co8t vl
o719 COd Z2¥ F Avth. £z @ @i 7]
W& oF 100~200°Ce] 2 AN ol (1A P FEF
B3 @3E whgos M=o} A3 (Hutcheon and Abe-
rcrombie, 1990; Hutcheon et al., 1980; 1990; McDowell and
Paces, 1985), A Z8-oll 7IQA0% @ie] AL oF 450°CollA]
(223 2 FAERES SAAFET ] g os dso]
zitkBames, 1970; Mayo and Muller, 1987; Mayo et al., 1985;
‘White et al., 1973).

SCaMg(CO) +ALSi,05(OH), + Si0, + 2H,0
= MgsALSi;0,(OH), + 5CaCO, + 5CO,
3CaMg(COy), + 4Si0, + H,0
= Mg(Si,0,0XOH), + 3CaCO, +3CO,

M

)

259N Adoichie] wayd did §°C =42 6.6~
4.0%E HAAFI en(Table 2), £432H8 E& WA FHEo)
Yojths &AM COut COxauin®] FHRAREATE 2
Y% W)z @ AJo)E Mo|=2(Friedmann and O'Neil, 1977)
slofl 2§ §Coe OF 8% @22 FHY 5 Qo] A
B49) §°C @3t FARE 3hg Bo ol did 7HsAdE uiA)
g 4 itk =3 vlaolr)ge §°C g 9Al -10~-3%e(Anderson,
1987; Deines and Gold, 1973)21 Zo2 <4&A o] AW
A 7199 7FeA S BE weld g@AE YA A
o2& ojiistdie] HRzide FEY £t U

2% gt AU €O, 7io] ARv|delEtd 234
e 4571499 Cost FH9AH o2 AHY2Eo] o
SuA €3 gy @i S s she A4(%0)

‘Table 2. Carbon and strontium isotope compositions of carbonates

from the Chojeong area

Description Sample no. 5"*Cppg (%c) 1Sr5Sr
vein calcite from cC-1 7.6 0.718413

. CC-2 -10

the B

e Buakmine 3 12
CcC4 -5.6 0.728066
CC-5 -5.1 0.734564

CC-6 -5.7

CcC-71 -5.8

calcite veinlets CC-8 -5.6

Jrom the phyillite CC-9 -5.8

CC-10 6.6

CC-11 -6.6

CC-12 40

CC-13 4.1
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7b 3-350] S AN PZ o2 Holsle YWAto] Ul
= A THCaboi et al., 1993; Z&F 2], 1999b), 23 G4
Mg ola@ dAWoldAte] eI eFeth(Figure 1). £7
o] €O, 71e] 44719 Ccot §8ie ANA st
£&5e FHolghd 24 b9 4FF4UFL oTU 7}
A e 3 g HojFolo} gl AW, 2PV
AFrA2YFL 4.6-8.1 TUZA ol YoM HFd uig} 7
o] A¥oA ¥AHd| Bider 2FAY FHASete] £
ZHgog 4dyd £ Qo

AW s}t AFRE GAeol vla] §'°C Aol e
18 BAcKTable 1). ¥ -7%2 §"°C AL A di7l71dg]
CO.7t #7189 o8] HdHn HdFQ] §%C 2rukgo] 2
gxlo] e of 5~25% A FedLhFos s YAA
YHClark and Fritz, 1997). W&ty 2AFAY A FEF7F |7)
ol 28 4rvkgol douviy stz YEQG A ES
B} Ak 3zt o e §%C 2AE oA "4 & o
7] COyt AEFof £FE b2 f71E0) 2F whgo2 §C
ZAo| Yol Y7t o] ABLI EYSES AA Alsiz AEH
A g {rlNRgol o8] -20~-10.1%7H] #e §°C A
£ Boln o)F UnkAalre] JC AL WeM e wie-&
B3l zgdr} o) s oS RYgozde o
VA SHHC-20, 21, 22)0] thEte] @LFLYA: AFREY
(M08 Creor = Meonwin® Coozoin + M8 Craco) S A48
At ESEY 8 Cooneins -25%0°13L, BE Carx W]
o] 7IE 7o, WY FHYVAUS -7.6%
£ olg3dt. A ofstd HefLA] UniAEHe] o]
33 SLFAYLLTL -i6.6~-12.6%2 AA ¥HA3H-179
~-152%)%} #FARE at& B ojZETHTable 3).

olo] wisle BPFUXY YukAIB(C-10, 11, 12, 15a. 16,
17, 18; §C=-14.4~-6.8%)= C-13Z A3tz HujgdAd o
WA E(817C=-17.9~-15.2% )01 ¥1&l ¥ ©2FUL=AE
HtK(Table 1). olaidt duidoz 2 diF9dizAde
2N L w2 Ao 7T Aoz Algd. AR
C-139] 3¢ 7AYol YNSRI NYHoz wA e )
A Yo dFFe] F5USE Tejdotd @itre] I
HollA] Hojd Aoz W, o] FS ¥ grFAdlst
(3"C=-20.0%)2 ¥ YA @itgol Bl
CO,°ll ols] =A=UL-L Yehdr). :

Table 3. Comparisons between measured and theoretically calculated
carbon isotope values (5'°C) for shallow groundwaters from
the phyl-lite in the Chojeong area (Po0,0=10""> atm, 5°C.q)

=-25%0)

Sample D me D m n 1 Measured Calculated

no. HCO3 'H2C03 (%a) (%c)
CJ-21a 5.70E-04 1.12E-03 1.00E-03 145E-07 -17.9 -16.6
CJ-21b 7.11E-04 1.66E-03 4.78E-04 6.72E-07 -15.8 -16.6
CJ-22a 443E-04 1.11E-03 1.62E-03 8.80E-08 -17.7 -14.6
CJ-22b 4.06E-04 1.11E-03 2.75E-03 5.16E-08 -16.8 -12.6
CJ-22c 5.35E-04 1.39E-03 1.40E-03 1.61E-07 -17.9 -14.5

"Calcqlatcd by SOLVEQ (Reed, 1982)
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Figure 4. S versus SO, concentrations of water samples from the
Chojeong area.
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Table 4. Predicted contribution of each source to NO, concentration
using 8"°N (%) and NO, (mg/L) at each sampling site

Contribution of each source

Sample NO-N 8N -
fertilizer (%) sewage (%)  soil (%)
CJ-1 4.8 88 0.0 50.0 50.0
.CI2 550 13 411 479 44
CI-5 27 6.8 459 435 10.6
CJ-9 50.7 6.2 548 40.5 47
Cl-12 149 92 254 58.5 16.1
CI-13 24 26 0.0 0.0 100.0
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Figure 5. ¥St/*Sr versus §"'C of water samples from the Chojeong
area. Data of calcite in phyllite and of vein calcite of the
Buak mine are also plotted.
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