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2 AdFdMe AF AAZAGNAN AEEE 215 2483 @ik 22" ti$k 318 E, CFCs (Chlorofluorocarbons)

992, §"%0, 8D, 88C BYYL, IZ71A(He, Ne) B9 BA1S Edlo] ehibeds=ol ehilkro] Sajslshs] B4, 44
A", A=7141¢) 7193 CO, 7k 719S afasignh Xl%ﬂﬂ kR pHE 6.21~6.842] W9 bzl w9 =&
ANHAEE 3H(1,928-4,720 uS/em)e] AL W) 318H4 32 Mg(CaNa)-HCO; WA= Na(Ca,Mg) -HCO; 1388 Heldh
SAFARQ] CFCs B EE o] 8351 X]OH APZHA}, B oF 47.5~5724d, Askre oF 30.3~49.5308 FHEJTH
ERAERe] §BCHE -1.77727%02 MSIE B CO, 71229] 719 AR7|da AR ARF7171e] 53 7|9o8 TAH
ARG, G=714) 2499 (CHel*He, *He/”'Ne)ll ] AFE7127F A%71909] Frt Auldom o ghe B shtabss) Adsh
AN mlar) 7]9S BelEEh

F90]: £83}8 CFCs, 8'%0, 8D, 83C, A=714 994, A

In this study, geochemical composition, CFCs (Chlorofluorocarbons), 5'%0, 8D, 8'*C isotopes and noble gases isotopes (He,
Ne) were analyzed to determine their recharge age, source of CO, gas and noble gases of carbonated hot spring water and car-
bonated-water samples collected in the Seoqwipo of the Jeju. The pH of the carbonated waters ranges from 6.21 to 6.84, and the
high electrical conductivity range (1,928~4,720 uS/cm). Their chemical composition is classified as Mg(Ca, Na)-HCO; and
Na(Ca, Mg)-HCOs types. As a result of the calculation of groundwater age using CFCs concentrations as an environmental tracer,
the carbonated water and groundwater were estimated to be about 47.5~57.2 years and about 30.3~49.5 years, respectively. The
8'3C values of carbonated water range from -1.77 to -7.27%o, and are plotted on thr deep-seated field or the mixing field of the
deep-seated and inorganic origin. Noble gases isotopic (*He/*He, “He/*’Ne) ratio shows that helium gas of carbonated hot waters
comes from deep-seated magma origin.
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) AARIGE AR BEAY AUE okl
drf, EHAe] PAFFAYe] AA Fr AEEE RO
2 Qe Jon, 15e) AEe e Felsiet
AE WA W 2, Fer)sheks Helgk U o

op7] B tate] AA7AA, 2E|al s B, 28|
gl 58 wEkd FE A& Et(Jeong, 2002, 2004;
Jeong et el., 2001, 2011, 2012; Park et al., 2016).

=U Bkl FEjskehy 5442 pH 6.0 W2le] ok
o7 oA FhFo] UnkA|skrol] Hlgte] Eal, ©AF B
FERbe] AAe xsl2 As)E /A 2 8 AE, 7
FHE 850 e Foz dEA o dF A=Y
M A, 37 B4 Tl S8 FAIES A 2
Fsle 2= J2uhJeong et al, 2005), ¥HkEE oo
Naeg 7|5 dika-grot tE2A Haxolor &

oA FPE ek AFe v A AE
zofo] HA, ol tigk Ay 54 9 A|3ke)
A AEEA &4, §%0, H, 1°C 94 BAe Bt
o b7k 719dell tigk sy 5o A77F JdE bt Q)
THKoh et al, 1999a, 1999b; Choi et al, 2000; Jeong
and Jeong, 1999; Jeong, 2002, 2004).

2% 8BC THYA BAF Aok dA 7%
ato] BRAFOERS] COxe A8t AFollA 71ekdar, <8k
ofe] whgoll APE Zow o] gt
(2002)y= ERbpe] AbEo] W, A FAA
AdFx2E wet ApjEE ZoR BUSIN,
TxE Asklie CO, 717t AskFAlR szl F
< o]FEEI}F E AR At

=9o] AFZ o & HH, ekre] A2 TdEtv A
ZAveh 2 AR T2, 225 sPkEt Aol e Uy
sl ddE e Ao® - Urhk(Cornides and
Kecskes, 1974; Barnes et al., 1978; Irwin and Barnes,
1980; Cornides and Cornides, 1983; Griesshaber et al.,
1992; Ishibashi et al, 1995; Cerén et al., 1998; Marques
et al,, 2001). =2]¢] AFelMe Bk Ao x]Fsleh4
QPPRT ATFLYA RS WA ATE Falel A
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gow o] pAlstaL &l F4t Aol HrH

& FM] QPO Z|HoA TEA Fi=
G318 W}, Z7o] 1-2m Wele] F3de] wdo] 5
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HETEAATHL G oz FA7E =k 5 m vjele]
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Fig. 1. Location and geologic map showing the sampling points of carbonated water, groundwater, surface water, ocean water in the

study area of the Jeju island.

o] BAolt}, FRAOR AVE I 2mm 27le] 71T
o] thF TE ol AEHHA FEFEE P
k. SRS seolN oF 20me) FAE 23 47
o 1m ¢ F4el7t waslof gk

oJ ATk 1A= 20159 9€ 2593} 1€ 219 Alo]o]] 2lA]
HRom, AFAelA REAE(CG) 24, YWHAEE
G) 8Fe= ZF 1085 AFAsIAh 2xk= 2016 1€
21-220l AA AAEA oW, BAR|EReL Bl(BW), Al
EFSWE 242 33, 1-, 132 & 5388 AFAsI.
32 20169 49 6U~12¥0) AAHAoH, EAEAEE 8

A, dukxjsle 3do® & 117 Ak 33 AlgE
AFNEFALNA e BRIR]EE(CGlS tde=z
AZHAE A 47 F7H432m, 402m, 366 m,
348 m)e2 st AFHAE AR AHAHELS Fig. 1
AN ZAIEAL B AIEE AF e A Aes ©
AR EE 460~2000 m, LDEHAFEE 240~550 mZ TS
A=E Bt}

B A 89 $40]L&% % (pH), A71HAEE(EC), AH3kskyd
Z$1(ORP), 8F2H4512HDO), FERHHCO,)3 3 &30l
A SA SAsIY Askr d85rE542 Orion 3 star

NN

593} Orion 5 star 2] Foig 54718 olgsi3len,
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£ IR E THANA FHELS AAT F 47 60mLE
Fste] Zjollddll 8710 E3drt. o ol A Fedle &
& o]o] 8714 FAEAY FHE WA flste] A4
o] FHE H7Isle] pHE 2 ol8k2 43F9 tH(Green-
berg et al, 1992).

AHE & AEE 4] A7 0~4°ColA 37 Bt
siglon, & AR digh F8 ol(Ca’’, Mg™, Na',
K m3d4a(Li, B, Al, Cr, Cu, Zn, As, Rb, Cd, Cs,
Ba, U, etc.)= eH=7]%28X] LA 72 (Korea Basic Science
Institute) LGB NN =AY Setznl dAPEEE47]
(ICP-mass optima 4300DV, ICP-AES), F+=2% Z2=n}
A7) (Fision model PQ T, ICP-MS)52] #AH|2 &
28199tk 2ol AE(Cl, SO, NOy, F)= 3=7]1%3
SALATY LB AT STh=nt AR
(Inductively Coupled Plasma System, ICP System)2] “H]
2 EAYsiith

=
=
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BaCO; FHIZ AW AL HHAEL o7& 0|83
045 um A Z AL & Azl FUZ A8E FH8}
o Bl A4S AT gAssdas =
712 A AATY LA oA B =T DICY] #2
+ Atekwana and Krishnamurthy (1998)2] ®Heol u}2}h
AR om, d=7]| 2R AT LT
E297](Stable Isotope Ratio Mass Spectrometer, F=- GV
InstrumentsA}] Isoprime Ed)E o]&3sle] BhA F994
[e)

o = =]
29 2qdan Bh BAU9Le FNPUEE o
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A7 A7 T 60mL Z g £
FAglo] AFHATE =] AT LL A2 AR 03
mLE H,0-CO, 33 H(Epstein and Mayeda, 1953)2.%
259014 COL%F FHPaw-g-5 A7l Fof gl=7]Z23}8)
A LAFL9] P54 A2 7](Stable Isotope Ratio
Mass Spectrometer, 9=+ GV InstrumentsAl9] Isoprime =
dhE AT EFAIEE WHESAS BAYEEE ¢F
+0.1%0 ©]Tt.

29 FAFHY4A 24L& Morrison et al. (2001)2] W
el wet 212X (PyrOH BE)E ©]-8-she

AL
BEEE OF £1.0%0 oIt} Ak, 4 FUA w4 AR

A - olfrl - HEY -

CFCs £4

CFCs #2418 A5+ Bottle method (Busenburg and
Plummer, 1992; Szabo et al., 1996)5 ©|-8-3ld A3
k. AlEAFHE ti719ke] HES Fs] Sl e aE
ol-gsto] AslrrE |7l HlojA o] Eollx e ol &
sto] AIEE AFH I AFEA E(triplicate)=  XF 8131
om, FNE 1set®Z 3l F 8set w431 CFCs &
AE vl fERE a7t ARAAN AR EIAE7]-
7t2=A 2t E ) 9] (GC-ECDYEH]E ©]-&-3tith.

AZETJ|H(Noble gas) 24
F5714 (He, Ne, Ar) 59192 #2412 9lsle] 79 2kt
F AE(CG-INE 7 44, CG2 A& 1J, CG3A &
14, G-IE 1)E ARt Asde e vz
FERHSL =Bkl o] 2] (Copper tube)?t S
= (Clamp)& o) 839 ARAANGL 722 9= Lo

IREAE 79 2 FYEE IS TS
ZaET =2 SAE A6k oF 1 o
=, FHHY F71E AAT T BEES o]gse]
2 2

RE Y9=71A19] AulF} He, Ne 9940]E v+t

Utaht 8} 28712840 »d 215-50 Magnetic Sector-
Field Mass Spectrometer 241715 o]-&-3o] £48dtt.

Sa|x|5f8t 54

AFR o] EAE(CGI~CGE), ABHHGI~G), A EF
(SW), 3lF(OW)2] A8l tigt Aol 5% (pH), 54
2%H(DO), A7HAEE(EC), 4+s}3H 7 $1(ORP) 78427t
Table 13 SA% EAS HAFE vF2-3] A7 = (Box-
Whisker plot)& Fig. 20 AA| =0} U},

AT 843, ko] pHeE 6.21~6.849 HAE
Holm, B RS HRITKFig. 2a). THAY Al
pHE 6.13~8.402] WIS Ho|m, ekibgdon] ofdzed o
2 8 H9E Btk A7HEES] A4S ehE 1,928
~4,720 pS/em®] HLIE HolW, FHA|Y A 644~
733 pS/eme] HHHTE w9 =2 o]FHS HLAk(Fig.
2b). E2FRe]l ORPE -318~307 mVe] HYS Ho] AR
wpebx] A shsleE g 7hzb Holw, A|skrol=
-43.2~441 mVve] HE 24, G120 G5Q2)E Al<lsiar
BT A8 S WOlthFig 2c). BAMEY £FAIL
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Fig. 2. Box-whisker plots showing the statistical variations of In-situ measurement data of carbonated water (CG) and groundwater

(G) samples collected in the study area.
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Fig 3. Box-whisker plots showing the statistical variations of major elements in carbonated water (CG) and groundwater (G) samples
collected in the study area.
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Fig. 4. Trilinear plots showing the chemical types of water samples in the study area.
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Table 3. 5'30, 8D, 5'3C composition of water samples collected in the study area.

Sample (Y‘/Dl\a/fz)) 5130 (%0) 5D (%0) 53C (%o) d* (%)
CGI(1) 15/09/25 -8.50 5111 -1.77 16.9
CG1(2) 16/01/22 -8.48 514 -5.63 16.4
CG1(3) 16/04/06 -8.33 512 -5.64 15.4
CGl(4) 16/04/06 831 -50.2 -4.74 16.3
CG1(5) 16/04/11 -8.07 -49.4 - 152
CG1(6) 16/04/11 -8.37 -51.0 -5.35 16.0
CG1(7) 16/04/12 821 -50.2 727 15.5
CG1(8) 16/04/12 833 -50.7 -5.05 15.9
CG2(1) 16/01/22 -8.67 -52.1 -1.75 17.3
CG2(2) 16/04/08 -8.72 544 261 15.4
CG3(1) 16/01/22 825 -51.0 -1.57 15.0
CG3(2) 16/04/08 -8.31 -52.9 228 13.6
G1(1) 15/10/17 -8.03 479 -7.31 163
G1(Q2) 16/04/06 -8.02 485 -12.9 15.7

G2 15/10/15 772 -45.4 -4.57 16.6

G3 15/11/07 -8.14 -48.6 -12.6 16.5

G5 16/04/08 -8.02 43.1 - 21.1

SW 16/01/22 -7.30 -42.6 - 15.8

ow 16/01/22 -141 930 - 1.98

d" = 8D -8 x8"0 (Defind by Dansgaard, 1964).
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Fig. 5. 8'%0 and 8D isotopes of water samples collected in the study area.
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Fig 6. 5'%0 and §'3C isotopes of water samples collected in the
study area.
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and Kecskes (1974y= -6.0£1.5 HYE 7HIthal R
t}. 28]3 Cornides and Cornides (1983)2} Cornides and
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2% ME Bl sPiebEd) Ads AFr1de] Cost &
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Fig 7. CFCs North American average curve (USGS, 2015).
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S 7717199 FolRet AR7Ihe] dHte] AA
Fatolug 477199 CO,8t 'tgEe] 7o) &3¢
Aoz ®Helth A3l §8C 2] WolE -12.9 ~ -4.57%02]
HOE AR AR f7171e st ez Bt &
3] G1(2) AsRAlA -129%0% 7P W 3HE Bl f7)
7199 COt FFEo] el FERES 4% Zlez B
2Itk(Fig. 6).

CFCs S9ea

CFCs =94 CFC-11(CCLF), CFC-12(CF,CL)YE yui,
FA 2 SAGOZ o] &EH, CFC-113(C,CLF;)= B
A Az TN F2 o] gHT}. CFCsol it B4
A st FofellA A - o] &0, ek Fof
o= 1990dthell CFCsll thgh A7} o] Foixtt. & A
TollA= CFC-11, CEC-12, CFC-1139] Al £/ CFCs
S-S SHFAAE o] &slo] X8k ARS AAstarat
st A7 A o]&E ti7] CFCs ¥& olg e
B 734 (USGS, 2015)S ©]&-81th(Fig. 7).

A&9] 1, 23} CFC-11, CFC-12, CFC-113¢] &= &
%2 Table 49 AAE]o] Utk BHH(CG1)e] CFCs %
£ CFC-11 (0.163~0.885 pmol/kg), CFC-12 (0.116~0.434
pmol/kg), CFC-113 (0.022~0.046 pmolkg)2] 9IS Ho|d,
ERFEAHG(CG2, CG3)el CFCs %= CFC-11 (ZF 0.814,
0.062 pmol/kg), CFC-12 (0.288 pmolkg (CG2)), CFC-113
(ZF 0.019, 0.014 pmolkg)e] HLIE HATE A(Gl~
G3)2] CFCs H%& CFC-11 (0.064~1.116 pmol/kg), CFC-
12 (0.047~1.524 pmolkg), CFC-113 (0.033~0.166 pmolkg)]
HAE Btk #4E w28 Hu|¥srolg el A

How Husy el FEs UAske AjE FHY 5
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Table 4. Recharge age and CFCs concentration of water samples collected in the study area.

Date Concentration (pmol/kg) Recharge age (year)
Sample
(Y/M/D) CFC-11 CFC-12 CFC-113 CFC-11 CFC-12 CFC-113

CGI(1) 15/09/25 0.163 0.116 0.060 55.5 57.2 413
CG1(4) 16/04/06 0.663 - 0.022 483 - 475
CGI1(6) 16/04/11 0.554 - 0.027 49.3 - 46.0
CGI1(7) 16/04/12 0.885 0.434 0.046 46.3 475 422
CGI(8) 16/04/12 0.665 0.420 0.034 48.2 48.2 447
CG2(2) 16/04/08 0.814 0.288 0.019 48.2 54.5 49.0
CG3(2) 16/04/08 0.062 - 0.014 61.5 - 52.3
G1(1) 15/10/17 0.412 0.406 0.043 50.7 477 423
G1(2) 16/04/06 0.913 0.034 0.033 46.2 49.5 44.7
G-2(1) 15/10/15 1.694 1.524 0.166 41.0 30.3 31.8

G-3 15/11/21 1.116 0.783 0.083 44.0 41.7 37.2
G-5(2) 16/04/08 0.064 0.047 0.052 48.7 473 41.7

Table 5. The isotopic ratio of noble gases of carbonated water and groundwater samples collected in the study area.

Sample Date Ar total Ne total Kr total Xe total “He R/ “He/
No. (Y/M/D) (ccSTP/g) (ccSTP/g) (ccSTP/g) (ccSTP/g) (ccSTP/g) Ra 2Ne
CGI1(6) 16/04/11 3.65E-04 1.71E-07 3.31E-07 1.61E-08 2.16E-05 5.97 126.32
CGI(7) 16/04/12 5.25E-04 4 .88E-07 - - 2.62E-05 6.07 53.689
CGI(®) 16/04/12 3.31E-04 1.63E-07 - - 3.06E-06 2.39 18.773
CG2(2) 16/04/08 1.38E-05 2.59E-09 - - 2.36E-07 5.38 91.120
G1(2) 16/04/06 3.75E-04 2.05E-07 9.23E-08 1.17E-08 6.61E-06 6.04 32.244
Sith. AREY AT Ve 4755724, ASERE oF th WS 2 Ay)ele) dEv)e 2 cogkeel B
303495302 FHHNOR, ASEurt ) el 2 AWAA B ©ET 2 AT WHE WA} 9
2oh d A EHULS BAFET) 1, 2370e] Aje) Aole & A0E BTkl B I8tHJeong et al, 2011). £HA

&,

FEskA| g AP o] zlolE HRIt
HAE7I|H(Noble gas) Slela
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A A} (tracer)] TS 3kl UrH(Aka et al., 2001).
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¥
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