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ABSTRACT : Carbonate precipitate from the Jungwon geothermal area has been studied on the miner-
alogical and geochemical view points. Carbonate precipitation from the study area is related to CO;
degassing. The carbonate precipitates are formed by several millimeters per year, and are composed of
thin layers of calcite interleaved with some dark brown-colored layers. After treating with 1M HCI,
remnants are identified as kaolin mineral and illitic mineral by XRD. EPMA results indicate that the dark
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brown-colored layers mainly consist of mixture of clacite and Fe- and Mn-oxide minerals with some clay
minerals. It is considered that most Fe ions substitute Ca in calcite structure and some are precipitated as
Fe-oxide minerals, whereas most Mn ions are precipitated as oxide minerals and some exist in calcite
structure. Aggregates of Fe- and Mn-oxide minerals are often observed in BSE images. Under the surface
condition, CO, degassing of the Jungwon COs-rich water results in increasing of pH, and precipitating of
calcite and Fe- and Mn-oxide minerals. Because the COz-rich water has high dissolved solids contents due
to enhanced water/rock interacton during deep circulation, the increasing of pH leads to co-precipitating of
calcite, Fe- and Mn-oxide minerals, along with some silicate minerals such as kaolin mineral, illitic
mineral and quartz. However, because pumping rate is usually very high in the Jungwon geothermal area
owing to the high demand, shallow groundwaters are easily mixed with the deep CO»-rich water and
result in lowering of the Fe and Mn concentrations. Therefore, relatively pure calcite can be precipitated
without Fe- and Mn-oxide minerals. Irregular interleavings of dark brown-colored layers into the relatively
pure calcite layers indicate that the precipitation of Fe- and Mn-oxide minerals which are mixed with
calcite have been intermittently formed in relatively short time and the shallow groundwater have been

continuously mixed with the CO,-rich water.

Keyword : Jungwon, COz-rich water, carbonate precipitate
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Fig. 1. Geologic map of the Jungwon area (after

Yun et al., 1998).
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Fig. 2. Photograph of the carbonate precipitate
{sample JWC2).
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Fig. 3. XRD patterns (sample JWC2). A. Random
powdered sample. B. Oriented IM HCl-treated
sample. Cc: calcite, I: illitic mineral, K: kaolin
mineral, Q: quartz. ’
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Fig. 4. A. Photomicrograph of the carbonate pre-

cipitate (cross-nicol, sample JWC2). B. Back-scat-
tered electron image of the same field of view of A.
C. Enlarged back- scattered electron image of the
boxed area in B.
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Table 1. Chemical data of carbonate precipitates, hydrothermal vein calcite, and CO--rich water from the

Jungwon area.

'Sample  Ca Na Mg Fe K Al Mn Zn Cu Cr Ni Co Mo
name (%) (%) (%) (W) (W) (%) (mgh) (mgh) (mgh) (mgl) (mgl) (mgl) (mgh
wCt 350 002 026 226 002 013 5667 724 680 333 864 124 0.75
IWC2 362 003 024 073 001 008 6171 329 354 430 901 LI2 0.35
Cel 366 001 003 016 019 101 1,622 184 75 346 841 1.6l <0.2
2w 363 245 395 1853 113 122 2920 302 145 98 225 36 124
(mg/l) (mg/l) (mgh) (mgd) (mgl) (ug/l) (ue/) e/ (ue) o) W) o) g
Sample  Pb Ti Li \% St Ba As Se Rb  Cd Cs u s ¢
name (mgl) (mgh) (mgl) (mgh) mgh) (mgh) (mgh) (mgh) (mgh) (mgh) (mgh) (mgh) (%)
JWCl1 266 127 106 112 748 315 <02 023 163 <02 021 037 2024
JWC2 517 64 92 L1895 227 <02 018 071 <02 041 043  12-18
Cel 244 743 <02 109 237 238 15 142 107 <02 721 016 376~-16
gwi ST S48 4140 332395 639 2 217 57 208 154 39 N
(g  wgh) wgh () @) @) @) wgh @) @) @) @ '
Sample Depth Temp. Eh EC DO S8i0; HCOy Cl- SO& NOs  F-  ‘Log Peos
mame  (m) (C) P (mV) (uSfem) (mgh) (mgh) (mgh) (mgh) (mgh) (mgh (mgh  (atm)
JW1 558 284 63 345 2830 21 969 1895 201 177 00 40 -0.03

TWC1, JWC2 - precipitates, Ccl : vein calcite. w1
*Data from So et al. (1983) and Shelton e al. (1987)

: COg-rich water.

Data from Choi (1998)

“Calculated from in-situ alkalinity and pH using SOLVEQ (Reed, 1982)
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Table 2. Microporbe analyses of carbonate precipitate (JWC2) from the Junnwon area.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Si0; 1.08 1.75 003 0.04 0.04 001 002 003 006 05! 004 004 358 003 0.84
ALO; 006 0.11 0.01 000 004 003 003 003 0.02 0.01 0.03 001 0.18 0.02 0.08
TiO, 0.03 000 0.03 004 0.00 000 008 0.02 000 002 004 000 0.00 0.00 0.03
P20s 056 047 047 051 054 053 056 056 051 051 054 051 041 057 0.51
FeO 342 584 0.00 000 0.09 000 0.00 000 0.0 1.18 009 008 1098 0.13 208
MgO 0.00 0.00 000 0.00 0.00 000 000 000 006G 000 000 000 000 000 0.00
MnO 075 095 L1.19 133 147 069 122 1.19 113 141 133 123 103 09 1.05
Ca0 53.86 47.62 56.03 55.27 55.85 56.33 55.96 55.57 58.27 52.79 5595 56.36 42.13 55.86 50.87
K;O 0.00 002 0.00 003 002 0.0 003 003 003 022 0.02 000 015 0.03 026
Na,O 001 005 006 008 005 007 015 0.11 003 022 008 008 027 0.12 041

Total 59.75 56.82 57.82 57.29 58.11 57.67 58.04 57.54 60.14 56.87 58.11 5830 58.72 57.71 56.14

Ca 1.89 180 197 196 196 198 197 197 197 193 196 196 164 197 1.91
Mg 000 000 0.00 0060 000 0.00 000 0.00 000 0.00 000 000 0.00 0.00 0.00
Fe 0.09 017 0.00 000 0.00 000 000 0.00 000 0.03 000 000 033 0.00 0.06
Mn 0.02 003 003 004 004 002 0.03 0.03 003 004 004 003 003 0.03 003

NO. 16 17 18 19 20 21 22 23 24 25 26 27  *28  *29  *30

SiO, 005 0.00 003 012 0.02 005 008 072 048 0.17 121 00! 461 332 6.79
AlLO; 002 001 000 005 001 009 001 003 006 000 006 0.05 063 024 140
TiO: 0.00 000 0.02 000 0.00 002 0.03 000 000 000 000 001 004 003 0.00
P20s 059 053 058 064 059 056 054 052 057 056 053 056 044 051 046
FeO 000 o011 001 021 060 006 0.15 128 1.00 033 215 0.04 11.65 921 12.2]
MgO 0.00 0.60 000 000 0.07 000 038 000 03! 049 000 0.00 0.00 000 0.00
MnO 1.01 062 078 093 072 107 027 036 042 040 003 0.87 168 109 1.01
CaO 54.76 55.56 54.87 54.35 56.48 53.51 55.02 52.34 53.64 54.52 53.24 5529 34.78 4231 34.62
K:0 000 0.03 001 007 0.03 012 0.04 005 009 005 008 0.02 022 013 0.15
Na;O 0.07 0.09 012 0.19 0.1 0.8 0.11 0.09 023 0.17 028 0.12 041 021 0.25

Total 56.50 56.95 56.42 56.56 58.03 55.65 56.63 55.38 56.79 56.69 57.58 56.98 54.46 57.02 56.90

Ca 1.97 198 198 197 198 197 197 195 194 19 19 197 154 168 154
Mg 0.00 000 000 000 0.00 000 0.02 000 002 002 000 000 000 000 0.00
Fe 0.00 000 0.00 00t 000 000 000 004 003 0.01 006 0.00 040 029 042
Mn 0.03 002 002 003 0.02 003 001 001 00! 00! 000 002 006 003 0.04

*Analysed from bright gray region of back scattered electron image in Fig. 4C.

Fig. 5. Photomicrograph of the carbonate precipitate (open-nicol, sample JWC2), showing points analysed by
EPMA (Table 2). Length of field of view is about 7 mm.
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Fig. 6. Plots of chemical composition of carbonate
precipitate in 10Fe-Ca-10Mn diagram.

Fe, Mn, Mg o] 252 43 ol YA W3}
g Rolm 9t o] F Mgy BAFUAAME
mj$ mgo e EAH5A7) I BAE IA
2oz 2 <o) m$ Aol wEld MgE A
st wralAuie] Ca, Fe, Mn o] #AE €olR
7] 918t Fig. 69 olE9 EEEE AR
of EAE} Bgtth 7 dwrEez gz
uks} o] Ca9t Fed #AE v ¢ F2 HAY
oA n&AHN AFAAES Hola 31O Fe
B} ZEAE ¢ F o]FE AOE €3 Mn
o] A% (Klein and Hurlbet, 1977) Cat} Fe
o] FrEwiste]l BAGle Y RS FHe B
g BRozth o8y AL WAl Cad
i8] Feol Mng A1) By Bop s 2
t}. Fig. 794 B5o] Fed 7A$dd& Cas} vj
S dAG Bo BAE Holy AOZ Hof F
2 da A Caxtel & X839 EAgtn e
o YR AsFEEr JAH oz HAo
WHo] Mng) A$-E dEE Ferdy ¥4 4@
FA 7L YA gFEE Ca] #alFol9 gl
o] ASS 31 Y ASFE Hol UFE 43
B9 g EAde ALZ EAo @A
gatg Ul Cast Feol e 2 whafj e
Ao 9a) ZAHIA L Mng] AP-v WA
AAA Y &4, F A3-8 249 wistel ot
g AsEE JAHE A=t 2288 A=

0.5

04 |

Fe

02 }

01 r °

0.07

0.06 r Py
0.05

0.04 | »
° o
. ‘
)
)
0 L L 4 2

12 14 16 18 20 2.2
Ca

Mn

. [ ]
0.03 | * .
[ ]

0.02 |

Fig. 7. Plots of composition of carbonate precipi-
tates. A. Ca versus Fe. B. Ca versus Mn.
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whael whajd FARED o] §o3kx) &
A Bk QA& Choi (1998)d] 2j3ld, thiE
o] Adrt g dis) Hxstd FEHE B
Foh 3, 2 AN FAAG, 1&
A 9] (1999a)9} Choi (1998)e] EMz B E o
£l o FEEL TIHAFE AN B
W ek A FhEEUolEy Mg Fe]
AEFEY JEHoly FHEA Fol uidte o
B 933 Aeoly, £3 FH HEA 5
AEF vldtd o e ¥IAFE Yehdt)

ZAX Y3} go] ARE NG BT E
o] &3 2dAo] g AMAH glojM ddF
o] I REEQ gabre 87 Bolr 4R
oz @ o] Ayd Afole AAFEYY
b0l oko] 9 8 FFH3A B stEol
¢ ot g FE AEFRE57E (EHO
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AAENAN B §AL 204 Ju £33
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A"t} (Fig. 18 from Choi, 1998). 18y 4
Az g 85571 30T Wejoja,
Ado] 23E AEA S FFEE 13}
of AFEHZ Y (SOLVEQ)E o] &3t A4t
g A7 AR 2xE oF 115~140T
24 olit} % Erh (Z8&d 4, 1999a).
A A AR L5 E 7etsdd AR
slol A gabrol hFGde Lo Eo
siatA 2o =3 gt ARgAeR &
Z5o] COtx7 WEHWA pH7E Eobdth
B AMS gy AAE o5 shgeElu
oed IME FE3FEE EAHA "otk
gt AsARzRE £53FH gt AR
A8l A vinE gstdoz FAA, FH
z7A0] 3 Fejebd W34 & Fe, Mn 4t
FFEF A 712U olEE HAHAINA H
W o]} g AbEe UM E9lH He ANF

)
B
i
-
&~
[
¥

dutdo s girg 2T Aeiee 52
e Asty FEAQY A 5
FEeon) I AHoj sri
FE ARG FH 299 =4 F
of e} FAZ WA dd. £ ojg9 A
T AgAF L A AFAL, +E
A, 271RAY AL, H_EH X AF
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& 33Eo] o foldA Tz WA
o wzt dol de FHFFY FHYLEe) H
TAYAE Heg d9E v g (2 &d 9,
1999a).

durz o g A FAAY AAgoAE HCOs 7t
dur oz Jhg FRI B ol ol o]
oA whal Aol AL Yold BE
2o Aoz FHE F UG

Ca>+2HCO;5 — CaCO3+H,0+CO2 1 @

o} dhg-ol = 3 ¥4 £x7F =87] gEd
CaCOs37} &4 AAHAE &=} (Usdowski et
al, 1979). weky o3 Ze w2 &3
o 714 WA COy 7h29] WZEo] dojuA ¥
o}

H'+HCOs — H,CO3 = H,0 + CO, 1 @

AFRH o Z, CaCOsol s 433 3y
87} Hojxol CaCO; AAYo] tha3 2
3o o) dojuA H AFYo] AAH
A ZHEE CO, 7k WENEeT e A
Aur-g2 FAlo dojuiA "ot

Ca’"+CO5* — CaCOs ©

ojg} Zo] CO, 7}27t WEEHWA pHIL F
7V8HA 3 Aoz Wi Y] Hx3t
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o 23 AAHE WA gdaFsHdL
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et al., 1979; Dandurand, et al., 1982).
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Y FA49% 2o| B AR AGelN
Su47t $EFE Ade A% A% AL
9 WY He FRE F390. g7y &
AEY AR GE 45719 FYFFE A3}
of AsURe WG ARLY AFHIT
AReA I FUY AT} HE AL
Y57 A 2ANAE 84 A5 AH
M AR Y gaee 43 HAS AT ALH
QAT 2 U wA Fo] aFHe} Ak E
% olsh gol AR A9 FYAFE A%
9 Askre H9e BAS AA 9 A5
4 s ope 2uE8Y AFERAA
Ase Bad B oldel ofe V5BE 2
P #E BAL oAAA Dok ey
Aoz g PABER ol TR o)

34 9 978 Fs ¥t
W FaAE el BE AR AN
2 889 & Ak 249 2971 239 & 9
g @ Ao BUED. ojgd oj@ AYE
& oW e AH ARSI AFARE A
A wgsEd 28 443 HeaEA A%e
5ol $2590 U oleSe] JEHA
oz $3HUWA BAGBEZ AW Ao
e THARE W, oS AT A
 EPNAN 2Q HAFEH

=

zwoA 3
29y 3 A8 47 FAYHE o

B
4279 gl AFAPE dobd + Yk
A7 2 & 9 Aoz ArEh
Z o
YAl E SPAL2 CO, 729 827
Furslo] A4H Be 249 Bud FAEo]
BRLAERNY AFE YR 2o gl
o olSe WY 5 mm FAZ YAH 0|4
@ 2402 A48H0 gtk & 59 A 2

[e]
Mo e BFAHL ARE 4 WA o

-8 - HEr -

AAS - o
F& @A g2 FE0] tF EAYT. XRD
ENZAH, AAEL Wnd &5 dayem
Ho] glen 1 M HCIZ AHYd ¥ AFES
E4% date 7149 #E, 49 3 4ol

A FEo] =} AR Eu]E o] &
AL AL FE Feul Mn9] 44389 3
gA ol FhgeyolEs £ HEJE: &
A Ao e ALFE FHPY SRR
o] #ENME AL ZAF AFdte FEol
v BfE e 2] v JARES] i)
3 USE & & At o]E2 CaXry} T B
A& Feul Mne| o]2o] BX3l= REOZA
ol WM AT B Fe, Mn 59 &
Zol&o] W e CaZd A& AV i3s3
9 AA ez YA FAFdIT=E A
S 9n)gt. EPMA 2XZ 7] 98 H Fex
T2 WMy Ca AYE X3t EA8HH
Ay ElFER A FHE Aoz Hl.
WHe Mne Afe 4R @Y 2AF=E
ol A Cag X B3}/ |E AT FE 4FstE 9
P E 245 AegE ®Bod. 2 F 49
Gt Fe, Mn 2% F2 1359 HEZ
FAHS o) viA S AR FAEBET F
A DR Je FEo] FEHIE Frh
i AHAEF¢S B9 HY A
2 213} gibgeol vl pH 2 Eh/l o9
f&olggo] AAFIA F& FH HF A3}
F7 A&HoZ F{o] Ho gty o
£&50] 9le Mn, Fe &
G2 Hol vjnd £43 Waj o] YAH
I YA £20)2E58 AAXEY FAdA
23 ch AA g2 RE AL 0S¢
717HEo g o2 doju} HLe S
FAAAG. ols At AFZRE vuA
202 A5H g@itgrt ARFAsAA CO,
27} EEHHEA pH7L Fobd) whE WA
A7 tfEo] Fes} Mn 2HatEo] g7 A
o] 48 RALF sjdd@T}t. Eg pHZF Fof
A AL gy £&50 e & 44
T BEAAOE HAHI] £Lold XBZE Fe,
3 A gEA FAUY FEEE
A ARG Aoz ARG w3 FUAAH
bk 7o) A da
o] ol ARFAEY 1o FE 328

ki o do

7

[T S

Zu
=]
>

2L
re
o
)
L
il
5Y)
oo
r



F9A9 Baeds

H5UY &
Z A

&
Ao, Z] -]Q

9 wargel o 71he AR P
A X A 5] =
O R

F e FAA2EY o)
o doltee AN G
Ab A}

& A%c BIRATILTPIAPAYS YR
o 2=

F A& B3
TR

A 2f(1985), st FA-mejudgge] A &
s @? “/‘P—%‘ﬂ T, "1€EH§1' » P 55.
183, #4Y, A, JEF, %(1999a), 9
A gt 4 Xl—?i}?—’}*—# Zlﬁ} 48B4,
32, 469-483.
I8&8, AP, WdA, ZAF, B A(1999), =3
A9 g A A7 1 FR Ashs
g7, 6(4), 159-170.

A%, F719(1999), BE AFAY @7 @il
o ABEH FARHR 44719 AABFAL,
32, 455-468.

Anderson, T (1987) Mantle and crust components in
a carbonate complex and the evolution of carbon-
atite magma: REE and isotopic evidence from the
Fen complex, southeast Norway. Chem. Geol., 65,
147-166.

Bancroft, P. (1979) Famous mineral localities: the
Tachwa mine, Korea. Mineralog. Rec., 10, 133-
136.

Choi, H.S. (1998) Hydrogeochemical and Environ-
mental [sotopic Studies of the Carbonate-type
Groundwaters in the Jungwon and Munkyeong
Areas. Unpub. Ms. Thesis, Korea Univ., 113p.

Dandurand, J.L., Gout, R., Hoefs, J., Menschel, G
Schott, J. and Usdowski, E. (1982) Kinetically
controlled variations of major components and
carbon and oxygen isotopes in a calcite-precipita-
ting spring. Chem. Geol., 36, 299-315.

Deines, P. and Langmuir, D. (1974) Stable carbon
isotope ratios and the existence of a gas phase in
the evolution of carbonate ground waters. Geochim.
Cosmochim. Acta, 38, 1147-1164.

Deines, P. and Gold, D.P. (1973) The isotopic
composition of carbonatite and kimberlite carbon-
ates and their bearing on the isotopic composition
of deep-seated carbon. Geochim. Cosmochim. Acta,
37, 1709-1733.

Dietzel, M., Usdowski, E. and Hoefs, J. (1992)

o g4 4dEd

B 3

48 3294 3 A7H4A A

Chemical and ’C/"*C- and 18O/“"O-isotope evolut-
ion of alkaline drainage waters and the precipitat-
ion of calcite. Appl. Geochemistry, 7, 177-184.

Dreybrodt, W., Buhmann, D., Michaelis, J. and
Usdowski, E. (1992) Geochemically controlled
calcite precipitation by CO; outgassing: Field mea-
surements of precipitation rates in comparison to
theoretical predictions. Chemical Geology, 97,
285-294.

Herman, J. and Lorah, M.M. (1987) CO; outgassing
and calcite precipitation in Falling Spring Creek,
Virginia, U.S.A. Chem. Geol., 62, 251-262.

Klein, C. and Hurlbut, Jr, C. (1977) Manual of
Mineralogy. 20th ed., John Wiley & Sons, 596p.
Michaelis, J., Usdowski, E. and Menschel, G. (1985)

Partitioning of BC and "°C on the degassing of
CO: and the precipitation of calcite - Rayleigh-
type fractionation and a kinetic model. Am. Jour.

Sci., 285, 318-327.

Morse, J.W. (1983) The kinetics of calcium car-
bonate dissolution and precipitaion. In ; Reeder, R.
J. (ed.), Carbonate : Mineralogy and Chemistry.
Reviews in Mineralogy vol. 11, Mineral. Soc. of
Am., 227-264.

Park, H.I. and Choi, S.W. (1974) A study on the
fluid inclusions in the minerals from the Dae Hwa
tungsten-molybdenum deposits. Korean Inst. Mining
Geology Jour., 7, 63-78.

Reed, M.H. (1982) Calculation of multicomponent
chemical equilibria and reaction processes in
systems involving minerals, gases and an aqueous
phase. Geochim. Cosmochim. Acta, 46, 513-528.

Shelton, K.L., Taylor, R.P and So. C.S. (1987) Stable
isotope studies of the Dae Hwa tungsten- moly-
bdeium mine, Republic of Korea: Evidence of
progressive meteoric water interaction in a tungsten-
bearing hydrothermal system. Econ. Geol., 82,
471-481.

So, C.S., Shelton, K.L., Seidemann, D.E. and Ski-
nner, B.J. (1983) The Dae Hwa tungsten-moly-
bdenium mine, Republic of Korea: A geochemical
study. Econ. Geol., 78, 920-930.

Usdowski, E., Hoefs, J. and Menschel, G. (1979)
Relationship between ’C and ‘*0O fractionation and
changes in major element composition in a recent
calcite-depositing spring - A model of chemical
variations with inorganic CaCO; precipitation.
Earth Planet. Sci. Let., 42, 267-276.

Yum, B.W. (1993) Environmental Hydrogeochem-
istry of the Thermal Waters in Granites of the
Pocheon, Gosung, Yesan and Jungwon Areas.



239 - 189 WS - GBS - WY

Unpub. Ph.D. Thesis, Seoul Nat'l. Univ. waters in Korea: Environmental isotope and hydro-
Yun, S.T., Koh, YX., Choi, H.S., Youm, S.J. and chemical characteristics II. Jungwon and Munk-

So, C.S. (1998) Geochemistry of geothermal yeong areas. Econ. Environ. Geol.,, 31, 201-213,

1999 119 2290 9uAS, 19999 124 319 AAEL.



