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Evolution and Origin of the Geothermal Waters in the Busan Area, Korea:
L. Cooling and Dilution by Groundwater Mixing after Heated Seawater-Rock
Interaction

Kyu-Youl Sung'*, Maeng-Eon Park’, Yong Kwon Koh? and Chun Soo Kim?

IDept. Environ. Geosci., Pukyong National University, Busan 608-737, Korea
Korea Atomic Energy Research Institute, Daejon 305-600, Korea

The geothermal waters from the Busan area belong to Na-Cl type and are characterized by much higher EC
(921~6,520 uS/cm) and TDS (608~3,390 mg/L) than other geothermal waters in Korea. The concentration of major
ions shows a weakly positive relationship with temperature except for Mg ion. The concentrations of the major cat-
ions have the order of Na>Ca>K>Mg. Ca ion is enriched and Mg ion is depleted compared with seawater. All Br
concentrations of geothermal water are lower than those of seawater, showing a positive relationship with tempera-
ture. Generally geochemical characteristics of geothermal waters of the Busan area indicate that these waters have
relatively increased Ca and Sr contents and depleted Mg, Na and K contents caused by seawater interaction with
wall rock at depth during deep circulation of seawater. Base on the relationship between major ions and tempera-
ture, saline geothermal waters are diluted and are cooled by mixing of groundwaters during ascent. Isotope study
and reaction path modeling of the overall geochemical system are required in order to better quantify the evolution
and origin of geothermal waters in the Busan area.

Key words : geothermal waters of the Busan, seawater-rock interaction, groundwater mixing, cooling and dilution,
reaction path modeling.
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Fig. 2. Plots of pH, Eh, Do, and EC versus temperature of water samples from the Busan area. Groundwater data are from

Shim et al. (2000) and Hamm er al. (2000).
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Fig. 3. Piper's diagram showing chemical compositions of water samples from the Busan area. Groundwater data are from

Shim et al. (2000) and Hamm et al. (2000).
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& whgo] ANPHULS ¢ F Utk Yk oz A
F Si0, e Mg vAA At S= @ Al
olol B-¥ain], &xo m} &) Ao]7t F3lo] 1
ehdth A5 Na, K, Cl, SO, 59 e si4
o} 1 Aalre] F7F W9 e veRie, Stk
o] fAkelt}. A E4el Xele] F ke & 38
EAgEl vl A WslEZ gl 544 Holw
Atk @ANA 248 2w, pH ¥ Yz =2RE
@9 3 2y Z273) SOLVEQ(Reed, 1982)
olg3lo] XY D a9 o]aksteka EU(Prgy)
Ttk G A9 1024732 gtmoln, o]
th7)9} Hake sl olaksbera £t 10%%atm
C18A: 103%am)Et} 52 gg RaFE o
(Table 1).

T S ]

6. Xl dy=2x

Agee gekrgde o5, oHd, 124 38 £
73 SOl 93 At ARl e AESUt
22} HEF seky B waslgoid, Age W %
olL9} vl¢} AE)Fte] FEE LE8 s NI
o AAYHEFe] WA o8] % #rhFournier,
1981). 8% W Na, K¢ Cadl % 50 o
AP, 27t WA 53 Haywkgel] ofsf Auj
HH, o]& o] HIE 72T HE HPHE ol%-
3 AEpe] AR L5258 FAY = drh(Table
3). AR AA] 256 gt AHe JJde] 28l
gk Fa3t GME AT =, 99 APz
o} Ajg7afol gt Auot ek AR Az
Aolg 3% & UL Folth olg Yol2g o83
AFewA o] FAHE AG7t ek B AT
slsky Agyol WAE 4 ke Aolut &, A7t
Feshe wotel 2xwslel StAee FEES &
el I FA HZ, AF ARx)9] BEEde
HESP] o]g7] wjEe], A|d2xA s A4
g Fort gardct 2y o)#d EAEE] S
oz sl AFSEAE A% Agxe] 259} =
gd9] 23E sideked 83 =7 §853 9
tH(Favara et al., 1998; Mimi ef al., 1999; Marini and
Susangkyono, 1999).

S Ade] AR AR g d87)
(silica) A E2EA = Y AFL2EA7 953~
118.9°C, ZAH| =1 (chalcedony) A|HL%H 7} 64.9~
90.4°Ce] WHEA YR o] AALEA N} w2

9] 713 7} 455

e Rojrl A4dle] o] e o] ol
235 47 o) NFLEA] s AatE AR A
AAe] 2w AR A7l Ade=AZTE At
H Rt 5o 3E vellY, d¥e e e v
ehlo] thefet S Hola gt E3), Li-MgAl A
F25A7F Na-KAl 5 & A=A B8 tha
EL e Holx Sith ol A A g7} A
S 5 2x9] Ws, EfEE T e Uk
& 27318 838 AA d@A9 gekrgde v
A @ Aoz #HHdE & gl AR FEH
(1998)2 sl ethel we AEe =& Na ke
A gsrol 7199 Navh £38 daz sj4dslg
th, kel 247t st B9 sl HES] Navt
EAEAUGH Nag ol83h= AFemAe 3714
Na®] o= <lsje AgAle] 2xg gl 7|slA
g ot} o]2jg L/HE WAE HRE] Y,
ol ANHLZAEF HE3/| Dol NIFE viE
275y 7o) gk A&t olsiz Mzix ook
& Zo|t}.

Reed and Spycher(1984)y= X< thHE #HY
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Fig. 5. Log (Q/K) versus temperature for the geothermal
water in Busan area.
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HE|E AEle o) & 38R F-2 X Al (chemical
geothermometry)Z 28k np7} k. o] WY& X
Ao slekRAS o83k A G WA FEo] H
e olf e LEE ARtz XY AR &%
g F4shs Aotk o} NFLLAE AgA] H
Aol digk F-83 RS AT B oz, o
o] ENHS wEiFh o]& NA2E T 1 Bl AR
AAR Y 228 FHE 4 UU(Pang and Reed;
1998). SOLVEQ(Reed, 1982)% o|&3}d FAz| =)
dro] YFAEEISN: HW01; F&dl: DWODNe=
AR HEdee 225 FAA. e HEY
Bl ZRE AL A E XEpe] HYP e &
o RY47F 130~150°C(Fig. 5A), &8 ALD+7t
150~160°C(Fig. 5B)] H91& Jehiz Qi) thd&
BHYPJejo] Lxo} Wole] ol AALEAZRE T+
7 25 F H|ws] B, dF Na-KAl Ad2=AE
Astd R HEAE 257t NaK, K-Mg, Na-
K-Ca, Na-Li, Na-Li A/ F&EAe] H8AE thd e
e vehis, Li-Mg AdeEA Rt W 3 U
ehdc), wref X"t dashe Bl s 71l
Nao] #o] A, NaZ o83 XA &EAH ZRE
AxE exe BEEe] LxHnt & kg Bojof
s} A2 e e HeFa Yt ol AEF7t
Asehe BoF AR Naol 527t B8 3
o] oz 93] Xg4y W Nasl 5%7t 724
Az 29 4 Q) Li-Mg 225 A 7} B A
o] LEET} B 3 HolE AR AUHLE 2
Mge] &3 7H Rskee) Y00 oJst A2 &Y
g £

T ot

7. 0 & Xjgdseel 7|@E TS

B G, sl 2 AEre] o] T 54
2 i) sl FAZ-E thololzsl (Fingerprint
diagram; Scholler, 1954 A3t ckFig. 6). A3t
F ARAES F, 2000, D T, 200052 32
ot B8 A FH Ry HAhg ol &Skt
#leo) Fel A G gke] Aol glonvt FUT
o]& gk EANS Holx glod, et e A
Gohs Aolgt o]l g% 548 Holx it s
Zo] Fg %Pol|e9] F3Re Na>Mg>Ca>Ke| o2
ez 9, R)¥4s Na>Ca>K>Mgel €02 yet
U gl ¥ls) Cart H8l=lo] U Mgt AREo]
e A4S BodFy ok A= Ca>Na>Mg>K

1000

100 f

meq/L

01

001

0.001 A . ! ! ) ) )
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FIg. 6. Fingerprint diagram of water samples from the
Busan area. Groundwater data used average values and are
from Shim et al. (2000) and Hamm et al. (2000). Symbols
are the same as in Fig. 2.
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Fig. 8. Diagram of Cl (mg/lL} versus Br (mg/L) of
peothermal waters and seawater from the Busan area.
Symbols are the same as in Fig. 2.
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Fig. 9. Diagram of Br (mgfL) versus temperature {°C) of
geothermal waters and seawater from the Busan area.
Symbols are the same as in Fig, 2.
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