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ABSTRACT : The purposes of this study are to investigate the occurrence, the hydrochemical char-
acteristics and the origin of the COs-rich springs from the Kangwon Province, and to reanalyze the
previous studied results of other researchers. The CO,-rich water samples were collected at 13
locations in the Kangwon Province. The COs-rich water shows a high CO, concentration (Pco»
0.787 to 4.78 atm), weak acidic pHs, electrical conductivity values ranging from 422 to 2,280 uS/cm,
and high Fe and F contents. The chemical compositions of COx-rich water from this study area are
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classified into three types; Ca-HCO;, Ca(Na)-HCO;, Na-HCO; types. The chemical data of CO»-rich
waters and their host rocks indicate that Na-HCOs; type water are mainly influenced by biotite,
K-feldspar granite, and Ca(Na)-HCOs, type water is chiefly influenced by gneiss and carbonate
minerals in granite. F and Fe contents of CO,-rich waters are abundant in Na-HCOs, and Ca-HCO;
types, respectively. The results of this study suggest that the chemical composition CO,-rich water is
mainly controlled by the mineralogical composition of aquifer host rocks. Oxygen and deuterium
isotope data indicate that COy-rich water is meteoric origin. The §"°C values (-0.3%, to ~6.2%, PDB)
suggest that dissolved carbonates are mainly derived from a deep-seated CO, and partly from

carbonate minerals.

Key words : COz-rich springs, chemical composition, host rocks, 8°C, deep-seated CO,
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Fig. 1. The map showing the distribution of CO»-
rich springs from three regions and Jurassic and
Cretaceous granites in South Korean. A: the
Kangwon region, B: the Kyungpook region, C:
the Chungchung region.
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Fig. 2. Geologic map of the study area showing the locations of CO-rich
springs. K1: Shin spring, K2: Bangadari spring, K3: Songchon spring, K4:
Buyeondong spring, K5: Ohsaeg spring(lower), K6: Ohsaeg spring(upper),
K7: Ohsaeg hot spring, K8: Galma spring(new), K9 Galma spring(old),
K10: Sambong spring(old), K11 Sambong spring(new).
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Fig. 3. Trilinear plots of chemical composition of COs-rich water in the study area.
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Table 2. Hydrogen, oxygen and carbon isotopes of
COy-rich water samples collected in the Kangwon
arca

Sample No.  5"30(%) 8H(%)  6"°C(%)
Kl -10.10 -69.3 5.1
K2 -9.80 -66.0
K3 -10.30 71.1 53
K4 -10.00 -68.8
K51 -10.30 720 40
K52 -10.00 -70.7
K6 -7.70 -50.4
K7 -12.00 -86.8 0.3
K81 -10.95 -74.8
K82 -10.50 728 6.2
K9 -11.00 777
K10 -11.00 -78.7
K11 -11.20 -80.5 5.6

ERAbe] V)98 olR v 9t Abk, f2,
g4 5HYLE BASIG. UA gakgro A
A d A BXAARE BE 50 ghol

-50.4% 9] WM& HoFHTable 2).

Batsel B9194 4L 0D} 8"09] B4
2 EAEtY B $34 A (meteoric water line)
S wEghA Exsez eibses At §UF
o] XgtH AL A rhFig. 4).

HiE K6 Als9ho] SolatA &2 94
Z4E Btk /M @4 gE Hole K7
S AN AL BHLHFE 4

Ashgrolt). wheba] Q1 BabE9l KS, K69}
<1e)

=N TR TR JEu DY
o Hy
8
&
X

AHA FE, 2002; 9} 2001; 3-8,
2000a). o5& 8°C B AHY} Peoy E-9F AL

< 53t ARz M.

ojitEtetAE AFALCZRE AAFHOR
e ATy ol gaie U 7d
S 2RE frefE & vk WAAREA] E3UA
32, nfavtREE 9 FF, F7]E9 AbshE
&, B9 E79 FEuk-3(Schoell, 1983;
Griesshaber et al., 1992; Giggenbach and Corrales-
Soto, 1992; Harris et al., 1997; Ceron et al.,
1998; Cartwright et al., 2002).

AAFY COe= pHEAC wapr] HCOs*
(= H,CO5°+COy%), HCOy, COy” ez &)
ScH(Appelo and Postma, 1993). ©j7]9] 4
Peors 1077 atm AXo]x, EhNO Peoy:
10"°~10%° atm ¥W$7} YA o|tKClark and
Fritz, 1997). &b+ 73429 7|do]= 2 U)7]
Fo| olasiead B Y= A5} &
IFL FA] YW U4FoE f3HG. o
WA o A5 Quhe B3 (closed system) 3
HolBE COx= =9 Fefjit3o Foste]
A&HoR £RE Foth wep {7243
Fo] fUHA FETDE G5 Pt B
39 Peoy 27& 2R XE Zolth 18
U F9AY ga49 P 0.787~4.78 atm
PAE 07l EgenyE FFE & U
COn8) Ak B4 ok Wiy Bakso)
42 AANE B9 EF €O, 9 TE F
wdo] e

AA5e] 8°C e waFREDY €O, V)
ol vzt ARE AFgch Craig (1953)= 3
Feraradste] 5°C ghol o 0%S, 71 7149
g §°C ke -12% olstel e MR wn
3}¢lth. Bakalowicz (1979 E<u £71% 7]
49 8°C ghe -22.0~-25.0%E 9SS Reltha
Witk =3 Moore ef al. (1977)%} Pineau
et al. (1976) WEH & A7) §°C 2k
L2 4.7 ~-8%HYE, Blavoux ef al. (1982)2 -4.0
~-8.0% WHE Cornides and Kecskes (1982)
€ -6.021.5% ¥E /ATy RudYch 1
23 Cornides and Cornides (1983), Cornides
and Kecskes (1974)= 718 A9 gab49 6
PC ghol 7~-2% WS R 8T B
# 427199 Cosb Bt BB B3] 4
48 wart E9E Aoz AAsc

ZQA ] gl HCO et aEele
A 2AAF, §°C(PDB)ZE -4.0~-6.2% 9]



ox

=

ol

-20.0 p
-400 }F
- -60.0 |
5 .
= ‘,,,o'
I -80.0 | P
2 .
0 e
4] -100.0 /,/
_1 20.0 A 1 L L 1 " L r’ i
-16.0 -140 -120 100 -80 6.0 -4.0

0'%0 (V-SMOW, %)
Fig. 4. 5"°0 versus 5°H relationship of CO,-rich water from the Kangwon

province.
6.0
50 | .
—~ 40 } Deep-seated
= | origin
R
S 3.0 | ) . * Inorganic
8 Biogenic carbonate
20 | origin origin
- .
10 ¢
0.0 *
-15.00 -10.00 =5.00 0.00 5.00
8'°C(%, PDB)

Fig. 5. Relationship between 8"°C and Pco, of COs-rich water from the

Kangwon province.

Btk 2AMATF 2HEAFE -03%2
EAHEG 2o S Btk AEAY
ST U & Y @ikt FAR ga

Ax 24 & B

BAENYL §°C BT Peo, SOl AT
Fig. 59 =A|8l9 Y &@FE 52 Porr?
a3 4 §°C ol mlarht WAEH g
3t AR7)19e] JYgdo] ZAHE K7 et

do o orfu

>, of,

FE BEY 7199 990 EANEE HAF
ok ole ¥it4e] H,COs’9F HCOs9] 7]¢o]
= TEE CO0lH, K7 gike
%] EAFESY Jldd oA 5L

oo JdR7d £99 e
Holobd Aolt}. vt @AFHYAL 2L
T 7199 £3s AgetA wrgdEr] o
& HE A3 Ao gk Ho o A

- 70 —



FAAGAA dEEE SR FEdt @ AREA

9 A7) AAE 2§ 59 5714
982 240 a7

BAAY BasE B4 A%z P
CHIP} AN ATHE 42T 0.5}
s V57 B, o5 AEF}

QA" o, NABAR, vIgE vl 58
g ARE FE5HE Jo2 Bl

2 E

o) BAFE galre B2 9L
b BC ghol -03~-62% WS
13, Pcoz gko] HiL 4.78 amo 2 & #&
olmg Al H,COr9k HCOs & 'r'i A
194 CO, 37 7193 7= @9
94 Sl d8 88 AYS Z]/‘lfﬂﬁ}-
] A EHTJ’\«J ‘“—1@4 %’&’“7} L
,]

oz iOlE}
AUA S wagel 525

=
e
HE AY B 1S el we ole

g z]qqcﬂxq qu FE Ca-Hco3§§ o] ¢]el] Na-
HCO; 39 &7l 2d&dn. of&e iy
g et gho AL GFoE Fhan,
53 £49 gEFe syegdsE Mt s 5

NedTasel wasd B84 549 A
o] AAANT Y &5 zlolo] 23 A0 A A
B A 2 AN AL 2o 2y
BYUEE Uehd & 2T BYA
9 315;61»}% BoE wet =994 ghe] Aol
7k Ae ﬁi,ﬂﬂMAJWPhJﬂQHH-
AR E

3} z}xﬂ 3] H A3

o] oz of gt
Rl EH-‘?—%:_'—J

>N _L
i)
ot
)
I
offt
f
rie
o

ZoF AT FAE Bk 28y AR @
4240 Adstie FEAY A A&
Adyzore A7t BHA FoBnZ o]
el E F7H<Q A7 o d Aot

A5 ol AEH FHULE 877|238
AAAT NN EAHQT. A2AR 5 AREALY
UAe) £8E 2 DA E A7A2E T

PR, S99, FAsE HFATFANA FAE.
4128

28 W, 49, AAs, 9%, YAG (199) F
A ghbee] AghshE 3, A48 A Ay

], 32, 469-483.

o8&, AAF, d A, B9, FHA (19990) =4

A gasel A A7 1 a5, Asks

72834, 6, 159-170.

t,

N
N

_I

Sl e A, S (9990 24
5o ARYA AF 1 FADE, A8
g A, 6, 171-179.

283 QA4 S A, A4 Q0000

A9 garops

), 7, 73-88.

&, B, WolH, 05 (20000) BRAY 4
3 Ao £33 3 BRFADE 47, A4
734283 A, 33, 469-489.

TUALFEATE (1973) FFALE FARI(:
250,000)

A1, 38d, PNF, WA, UL 001) B3
A9 A vt A3 P FALL 54
A48 7H A A8 A, 34, 71-88.

ARE, AR, 029, RUH (1975) BFALE
HERS0000) 3 =EHH, FUAL

A geta A7, Asr7

N

m{u
e et

Xl?4_+ %%EJE%(I 50 000) Ty E%*é%‘*i, e
ﬂﬂﬂ%ﬂ?i

oA, &M, AAA (1975) FFAARE FEE
(1 50,000) 2 C%{g A, %gx]xl.d-ﬂod:‘l/\
*1 (2002) AEAS gatao) £ EE s A7)

A, A4 :dﬂxwt&:@lx], 34, 227-241.

@%i AEFD, olAY (2001) FAHAY &b «1 2k
%, A3sd B4 2 A4 7)Y, A98AER
A& 3R], 34, 227-241.

A3, o|AF (2000) AMNA BHYNAN NEHe
e8] A 3tetE EAa A4 719, AEE
&3z, 10, 51-62.



3

BRE, A719 (1999) AEAY ©7] gareFre A
s}sta RS AE7Y, ALBHA DG A,
32, 455-468.

333, AW A4, 27, ol&T (1975) &=
AL ST E(1:50000) ¥ EEUBA, 23
AAYTATFE

Has, 18, AR5, M, $499
EAY gise AFALLH
2Aet3] A, 33, 491-504.

Aires-Barros, L., Marques, J.M., Graca, R.C., Matias,
M.J., Van Der Weijden, C. Kreulen, HR., and
Eggenkamp, H.G. (1998) Hot and cold COy-rich
mineral waters in Chaves geothermal area (Northern
Portugal), Geothermics, 27, 89-107.

Appelo, C.PJ. and Postma, D. (1993) Geochemistry,
groundwater and pollution, A. A. Balkema Pub-
lisher, p. 90-94.

Bakalowicz, M. (1979) Contribution de geochimie des
eaux a la connaissance de l'aquifere karstque et de
la karstification. PhD thesis, Univ. Pierre et Marie
Curie, Paris, France.

Ball, J.W. and Nordstrom, D.K. (1992) User's manual
for WATEQ4F, with revised thermodynamic data
base and test cases for calculating speciation of
minor, tracer and redox elements in natural waters,
U.S., Geol. Surv., Open File Rep. 91-183, 189p.

Barnes, ., Irwin, W.P, and White, D.E, (1978)
Global distribution of carbon dioxide discharges
and major zones of seismicity. Open-File Rept.
Water Resources investigations 78-39. Menlo Park,
Calif., US. Geol. Survey, p. 1-12.

Blavoux, B., Dazy, J., and Sarrot-Reynauld, J. (1982)
Information about the origin of thermomineral waters
and gas by means of environmental isotopes in
eastern Azerbaijan, Iran and southeast France. J.
Hydrol., 56, p. 23-28.

Cartwright, 1., Weaver, T., Tweed, S., Ahearne, d.,
Cooper, M., Czapnik, K., and Tranter, J. (2003)
Stable isotope geochemistry of cold CO»r-bearing
mineral spring waters, Daylesford, Victoria, Australia:
sources of gas and water and links with waning
volcanism. Chemical Geology 185, 71-91.

Cero’n, J.C., Bosch, A.P., and Galdeano, C.S. (1998)
Isotopic identification of CO, from a deep origin in
thermomineral waters of southeastern Spain. Chem.
Geol., 149, 251-258.

Clark, 1. and Fritz, P. (1997) Environmental isotopes
in hydrology, Lewis Publishers, 328p.

Coleman, M.L., Shepherd, T.J., Druham, J.J., Rouse,
J.E., and Moore, G.R. (1982) Reduction of water
with zinc for hydrogen isotope analysis. Anal.
Chem., 54, 993-995.

(2000) 741
=4, 498737

2

3

Cornides, 1. and Cornides, M. (1983) Isotope geoche-
mical study of the CO, occurrences in the Eastern
Carpathians. Foldt. Kozl., Budapest, p.121-125.

Cornides, 1. and Kecskés. A. (1974) A genetic inves-
tigation of the carbon dioxide occurrences in the
Carpathian Basin. Part II. Publ. Hung. Mining
Res. Inst., Budapest, 17, 263-266.

Cornides, 1. and Kecskés. A. (1982) Deep-seated
carbon dioxide in Slovakia : the problem of its
origin. Geol. Zbornik. Geol. Carpahtica, 33, 183-
190.

Craig, H. (1953) The geochemistry of the stable
carbon isotopes. Geochim. et Cosmochim. Acta, 3,
53-92.

Giggenbach, W.F. and Corrales-Soto, R. (1992) Iso-
topic and chemical composition of water and stream
discharges from volcanic-magmatic-hydrothermal
systems of the Guanacaste geothermal province,
Coast Rica. Appl. Geochem. 7, 309-332.

Griesshaber, E. O'Nions, R.K., and Oxburgh, E.R.
(1992) Helium and carbon isotope systematics in
crustal fluids from the Eifel, the Rhine Graben and
Black Forest, F.R. G. Chemical Geology 99, 213-
235.

Harris, C., Stock, W.D., and Lanham, J. (1997) Stable
isotope constraints on the origin of CO: gas exha-
lations at Bongwan, Natal. South African. J. of
Geology 100, 261-266.

Irwin, W.P. and Barnes, 1. (1980) Tectonic relations
of carbon dioxide discharges and earth-quakes, J.
Geophys. Res., 85, 3115-3121.

Ishibashi, J., Sano, Y. Wakita, H., Gamo, T,
Tsutsumi, M., and Sakai, H. (1995) Helium and
carbon geochemistry of hydrothermal fluids from
the Mid-Okinawa Trough Back Arc Basin, south-
west of Japan, Chem. Geol., 123, 1-15.

Jeong, C.H. (2001) Mineral-water interaction and
hydrogeochemistry in the Samkwang mine area,
Korea, Geochemical Journal, 35, 1, 1-12.

Kendall, C. and Coplen, T.B. (1985) Multisample
conversion of water to hydrogen by zinc for stable
isotope determination. Anal. Chem., 57, 1438-1440.

Marques, J.M., Monteiro Santos, F.A., Graca, R.C,,
Castro, R. Aires-Barros, L., and Mendes Victor, L.A.
(2001) A geochemical and geophysical approach to
derive a conceptual circulation model of CO»- rich
minerals waters: A case study of Vilarelho da
Raia, northern Portugal. Hydrogeology lJournal, 9,
584-496.

Mayo, A.L. and Muller, A.B. (1997) Low temper-
ature diagenetic-metamorphic and magmatic contri-
butions of external CO, gas to shallow groundwater



QAN A B £5e B 4H8A

system, J. of Hydrology, 197, 286-304.

Moore, J.G., Bachelder, J.N., and Cunningham, C.G.
(1977) COx-filled vesicles in mid-odean basalt. J.
Volcanol. Geothermal Res., 2, 309-327.

ing, the Ballimore region, central New South,
Wales, Australia. Proceeding of the 9" international
symposium on water-rock interaction-WRI-9, 271-
274.

Pineau, P., Javoy, M., and Bottinga, Y. (1976) “C/°C  Swart, P.K., Burns S.J., and Leder J.J. (1991) Frac-

ratios of rocks and inclusions in popping rocks of
the Mid-Atantic Ridge and their bearing on the
problem of isotopic compositions of deep seated
carbon, Earth Planet. Sci. Lett., 29, 413-421.
Piper, A.M. (1944) A graphic procedure in the geo-

tionation of the stable isotopes of oxygen and
carbon in carbon dioxide during the reaction of
calcite with phosphoric acid as a function of tem-
perature and technique. Chem. Geol.(Isotope Geo-
science Section), 86, 89-96.

chemical interpretation of water analyses. Trans- Yun, S.T., Koh, Y.K., Choi, H.S., Youm, S.J., and

actions of American Geophysical Union, 25, 914-
923. Schoell, M. (1983) Genetic characterization of
natural gases. Am. Assoc. Petro. Geol. Bull. 67,
2225-2238.

Schofield S. and Jankowski, J. (1998) The origin of

So, C.S. (1998) Geochemistry of geothermal waters
in Korea: environmental isotope and hydrochemical
characteristics. II. Jungwon and Mynkyeong area.
Econ. Environ. Geol., 31, 201-213.

sodium-bicarbonate groundwaters in a fractured aqg-

uifer experiencing magmatic carbon dioxide degass-  2004'd 29 24% Y14, 20049 39 119 AR



