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The purposes of this study are to understand characteristic water-rock interaction mechanisms of groundwater in the
granite area of Geochang and Hapcheon areas, Gyeongnam-do and to clarify the origin of fluoride. The possible water-
rock interaction process and the source of fluorine were studied using water chemistry, rock chemistry, mineralogy by
XRD, and microtexture analysis by backscattered electron image of the electron microprobe. No clear relationships
between F and hardness was found. But the fluorine content increases to some extent with pH and well depth. Prefer-
ential alteration due to water-rock interaction took place along edges or cleavage, or margins of biotite. Because biotite
is highly subject to alteration in granite aquifer, fluorine in groundwater is originated from the leaching of biotite.
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H|8le] BAgo] 84 FU(Lisa, 1994; Saxena and
Ahmed, 2003). A|8}rollA] Eae ofdzde] ix] 42
2] JHolq ANNAEETF £ Cat TE] 2 &
g 249 ol A vepet, E-4s 5<t
P B T, o9 FekE, HRSAIRAIT Fol
ZQ3F Q40|tH(Jacks et al, 2003; Saxena and Ahmed,
2003; Subba Rao and Davadas, 2003; Abu Rukah and
Khaled Alsokhny, 2004).
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Table 1. Physical and geochemical properties of groundwater in the granite area. GC denotes Geochang samples and HC

refers to Hapcheon samples. (Ion unit: mg/l)

Samples Degﬁl('m) pH  Hardness STOOI:ZIS F Cl  NOsN SO Al Fe
GC002 150 7.4 48 98 0.2 5 3.2 3 0.13 0.10
GC003 73 6.7 51 115 0.7 7 0.8 7 0.04 0.09
GC007 200 7.0 86 187 0.1 15 5.2 9 nd nd
GC008 150 6.5 51 168 nd 9 9.0 nd nd nd
GCO10 220 6.9 41 86 1.7 6 0.6 5 nd nd
GCOll 190 8.0 41 81 1.0 3 0.6 3 nd 0.05
GCO12 150 73 128 200 0.8 4 0.8 2 nd 0.15
GCO13 75 7.1 47 125 0.3 17 5.7 9 0.44 0.27
GCol4 75 7.5 42 104 nd 4 3.7 2 nd nd
GCOl7 250 6.0 73 223 0.3 15 9.0 2 nd nd
GCOI8 250 6.6 87 177 0.5 5 0.7 6 0.16 0.17
GCOI19 120 6.6 52 110 0.5 1 0.4 2 nd 0.26
GCO21 150 7.6 50 9] 4.4 g 0.6 5 0.02 nd
GC022 200 7.7 45 135 3.9 7 2.1 4 nd nd
GC023 150 7.1 61 164 nd 5 0.9 11 nd 0.25
GCO24 200 7.8 42 102 nd 4 2.6 2 nd 0.24
GCO25 190 6.5 51 168 1.4 9 7.6 1 0.74 nd
GC026 190 6.9 73 179 nd 5 3.6 2 0.08 nd
GCO27 200 7.0 76 110 0.2 9 5.1 8 nd nd
GC028 210 6.7 25 68 nd 1 0.9 2 nd nd
GC029 120 7.0 41 93 nd 2 0.5 4 nd nd
GC043 230 6.9 52 215 nd 7 7.0 nd nd nd
GC047 150 8.5 63 118 nd 6 33 2 nd nd
GC048 160 72 56 158 nd 5 nd 5 nd nd
HCO17 150 6.5 97 235 nd 18 3.4 13 nd 0.46
HCOI8 205 6.4 126 194 nd 9 4.1 9 nd 0.51
HCO19 200 7.5 29 97 0.5 2 1.0 8 nd nd
HC020 170 7.1 64 122 nd 16 1.7 25 nd nd
HCO22 150 6.9 47 75 nd 5 1.0 5 nd 0.05
HC023 192 6.9 88 28 nd 8 2.2 5 nd nd
HCO34 100 7.0 89 176 nd 15 6.8 1 nd nd
HCO35 120 7.2 89 148 nd 5 22 4 nd nd
HC037 150 7.2 75 136 nd 7 1.6 2 0.06 d
HCO036 150 7.2 81 143 nd 3 1.4 4 nd nd
A9 218 mgMIAIE VeI ABAe A9 ol FAGolA 0-90mgl B, THALL] AE 10~
A0S =97 BOW 29N BeT 2 YUA  68mgl AT BTk A A5k sherid 24

2<ldf #f3le FERFEH Feshe Aol Lol 5
3] CIE ke F-emu 723y, SAEFES 43
o oJsle] HFR|e}ol| F3ld 4 Ut} Ao BT
o] AL v E BHE AP VR R &
E0HFig. 2). E47) 4mgleld ZFEQ V) Algs
R ATt F7REE SRR AAE Bl 2
U 3 9] tE AR AL MEZS HAEL uhf-
ol oji A[HLS AFHA] vt A aE A

l

AT Smgleld] 5= ARG A3lrlA
35%, YAAS A= 10% T50IT,

il ARG HF 0~11 mg/l, ARG
S 1~25 mg/ragolth. 10mgl oA A$= A=A
F Agk= Ul4, RS A skre VAR JERE
t}. 7]e} Al Fe, Zn, MnS3 & AEL B4E U
A "o E SHrEH.

AEE ARAGe] AS 25-128, A A3



A A3l A9 B3 EAYQe) 33 EMLS A 107

5.0

50
A A
a0+ - . 40 | R
e e,
£ £
é 3.0 -~ 30
P fan
b4 2
520 5 20 |
o A O A
1. A w A
: A
1.0 - R A 10 . A
A i‘ A A A A A A
7Y A
0.0 ' Ty PR T _ TSR - 0.0 i av—abaaa
0 20 40 60 8 100 120 140 5.0 8.0 7.0 8.0 8.0
Hardness pH
50 305
4 255
a0 |- e s e e A &
o
o) c
c Y Tl S L e
B T N — £ F F F
e o
g% 8 155 R S ¥ W R S
§ 20 R = A 4 a
105
u A = “ A
A
A
10 . R "
. K
A
0.0 b —a—ada - 5
0 50 100 150 20 250 300 50 55 6.0 65 7.0 7.5 80 85 8.0
Well Depth (m) pH

Fig. 1. Relationships between physicochemical factors in groundwater.
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Table 2. Chemical compositions of bulk rock samples.

Aded - B

Sample  Sanghyun Dotan 105~110  110~120  120~130  130~150 Fresh Weathered
(m) (m) (m) (m) Granite Granite

Si0, 61.17 65.27 76.10 72.78 69.28 72.47 76.46 76.43
ALO, 16.91 16.60 13.53 14.95 15.48 14.74 12.48 12.45
TiO, 0.68 0.39 0.12 0.16 0.23 0.14 0.03 0.02
Fe,0;" 4.91 3.21 0.89 1.53 1.95 1.27 0.58 0.50
MgO 2.65 1.40 0.44 0.52 0.87 0.40 0.03 0.01
MnO 0.08 0.05 0.02 0.04 0.05 0.03 0.03 0.01
Ca0 4.52 3.56 0.97 1.66 2.15 1.61 0.28 0.34
K50 2.99 3.03 436 3.92 3.49 4.05 4.88 5.64
Na,O 3.67 441 2.98 3.59 3.42 3.50 3.42 2.99
P,O; 0.19 0.12 0.04 0.05 0.07 0.05 0.01 0.01
F 0.13 0.12 0.10 0.12 0.12 0.10 0.06 0.06
LOI” 1.52 1.26 0.20 0.19 2.36 1.04 134 1.33
Wt.% 99.42 99.43 99.75 99.51 99.47 99.40 99.60 99.79

* Fe assumed as ferric

** Loss on ignition
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Fig. 3. Contents of fluoride and some components in bulk granite.
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Table. 3. Coefficients of determiniation(R?) between
chemical components in whole rocks.

7}
R~ remarks

Si0,-ALO;  0.888
SiOz-Fezo_’s 0964

negative relationship
negative relationship

Si0,-MgO 0.919 negative relationship
Si0,-Ca0 0.979 negative relationship
Fe,04-Ca0O 0.974 positive relationship

Fe,0,-MgO  0.983
F6203-P205 0.991

positive relationship
positive relationship

MgO-CaO 0.928 positive relationship
MgO-P,0O; 0.989 positive relationship
CaO-K,0O 0.826 negative relationship
Ca0-Na,O 0.498 positive relationship
Na,O-K,0 0.546 negative relationship
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Fig. 4. X-ray diffraction patterns of bulk rock samples
indicating abundant quartz and albite, with trace hydrous
minerals.
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Fig. 5. X-ray diffraction patterns of core samples indicating
abundant quartz and albite, with trace hydrous minerals.
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Fig. 6. Backscattered electron images of weathered granite(GW1-
1). (a) Biofite (center), quartz and plagioclase(Pl) showing some

Na-ric (dark grey) and K-rich (bright grey) lamella. (b) Enlarged
image of (a). Biotite (Bt) intensively altered along flakes and

margin. Magnification: (a) X 500, (b) > 2000, respectively.
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Fig. 7. Backscattered electron images of weathered granite
(GWI1-3). (a) Biotite (Bt), quartz (Q), and plagioclase (PI)
showing some Na-rich(dark grey) and K-rich (bright grey)
lamella. (b) Enlarged image of (a). Biotite(Bt) intensively
altered along flakes and margin. Brighest mineral(upper right)
is Fe-oxide. Magnification: (a) >500, (b) >2000, respectively.

Fig. 8. Backscattered electron images of weathered granite
(GW3-1). (a) Biotite(Bt), quartz(QQ), and plagioclase (PI)
showing some Na-rich(dark grey) and K-rich (bright grey)
lamella. (b) Enlarged image of (a). Biotite(Bt) intensively
altered along flakes and margin. Magnification: (a) >< 500, (b)
X 2000, respectively.
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Fig. 9. Backscattered electron images of weathered granite
(GF3-1). (a) Biotite(Bt) intensively altered along flakes. (b)
Enlarged image of (a). K-feldspa(Ksp) showing Na-
rich(dark grey) lamella in the K-rich(bright grey) host.
Brighest mineral(central upper) is Fe-oxide. Magnification:
(@) X500, (b) X 2000, respectively.
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