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Fluorine Distribution and Attenuation of Groundwater within Limestone and
Granite from Keumsan-Wanju Fluorite Mineralized Zone

Jeong Hwang*
Department of Geosystem Engineering, The University of Daejeon, Dagjeon, 300-716, Korea

The characteristics of hydrogeochemistry and fluorine distribution in drinking groundwater from limestone
and granite were studied in the Keumsan-Wanju area, where major important fluorite-deposits are distributed.
The hydrochemical properties of groundwater from studied area are commonly characterized as Ca-HCO,
water type. However, some of the groundwater samples collected from Jurassic and Cretaceous granites
belong to Ca-Na-HCO; and Na-HCO; type, respectively. The contamination of drinking groundwater by min-
ewater from the nearby fluorite deposits is not found yet. However, groundwater having high F contents up to
11.4 mg/l, which is higher than the drinking water limit, is found from the wells located in Cretaceous gran-
ite. The fluorine contents in groundwater generally increase with increasing well depth. The concentrations of
F in the groundwater show a positive relationship with the values of Na, HCQ,, Cl, $i0,. pH. whereas 2 neg-
ative relationship with Ca. The positive correlation of F-concentrations to major elements (SiQ,, Na, CI) and
trace elements (Li, B, Rb) may suggest that the groundwater come from the decomposition of fluoride-bear-
ing silicate minerals within highly differentiated granitic rocks. Therefore, wells for drinking water should not
be developed or should be drifled within shallow level in the Cretaceous granite region to reduce the F con-
tents in the groundwater,

Key words : fluorite deposits, groundwater, fluorine, Cretaceous granite
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Fig. 1. Geological map of the Keumsan-Wanju area.
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Aol A tisir= ol FUE A gle, o
A FHFTLE 89 AejEd e EdEe
2 7EE b e Esad H93, 1978), e
0] Ee]Ea) R Aeldos Yol
T 5, 1996). FelSd) EFaSe 2uEE A7
£ °|Zth

FAY F719) slebae dzbEale)l Ade] W
AYF SR MAAHAURE AW o5
T2 WA ael 2w s Bew dhigton
TREY AFAY FdRe Fsist Ludict W
of7]e] SFRIRES T2 URRE FAEY A9
HES EF U HUFELS EE Fo
NI1O°W #dahae 7= fula o ggalo] gbao]
o Fe FE Agyge] 3% Aol gout AY
o whel Wyt Asle] FRst Ze e My
HEgo] oA e ER A ok 99 A
Ho| vk 7 AT sl dlAe] Eglsla] &
o gk AR BESTh o] 948 Myny
I AR HolHo #AZ 7IAY, gAe] REog
A FARE] dEe] 714 RgRR ) FolA
ARk olE W] AYA7IE oldEYe)
Aol <134 AR 28] <F 66 MaclM 75 Ma2
RBaug uf QoA F 1994).

SFAEY BRI B 938 o) el
el woiidel dgalz v M EgaAYdE
Bakgate] Wit} ol FgL E34)0] P
AR olF AEge] =AU Fe 181, 3
GF7E Bkl IS 1flelH, Z1ek WAder v A4}
Al Eajete] mekel ke srelc), o|E Ak
or7le] WbE EE ol9f dolFel FAS )
= 3706l oY AURel gala AAdE Zew
B vb AoAA T, 1975).

3. AMEAH W EMLY

o] F7E 2l 19997 4YollA] 8ol AA] 2447
9 S&AkrE AFSEh Aekr R A ey,
Askr) o] BEXEA AZE 93] 4397
AL 110, FrEb7] Edst Aol orl, wetr) slkek
A HGellA 2402] Alal A EE AHEETH AFE A
B dlA o5 AFEZE o) &5t 045 um &
£ zZh= celluose membrane filter® o] &4

s wREIE AN

AFD Al BRI P02 FE(pH), 2k
UL (Eh), €&, A7) AEE(EC), FEH4I0]&HCO;)
T, FE40 o E9E Ade 24yt &
Bile] 22 WEodlz] 2|Xofe o]gal gaez
Bt Adsich @AM EAE oig pH=
Orion 290A =d9] Ful8 pH £37], Ebhe 559
71712 WgFH=g olgdhd SAsHn ANAETE
Orion model 142, §&4+422 Oron model 835
o] &A1 2 2z 24elEt
A7 me} A 887 HHe) ofol2o] F2E
2L A7) f5le] el 4R AlEE F
& 7l pHE 2 ol8l2 sl AR Eas

BAEH 3] 52 Greenberg ef al(1992)] Wt
< FEsch Ay SRS Na, Mg, Al
Si, Fe €2 R=d@d Zotzvl YrpEEgrs
AVACPAES)Z, 22)3 29 ]2 2L fedd
& Egkant AgEA7|(ICEMS)E 3461590 5o
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e 3PS 71298 APdTaA FRlE
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LA Asre) SHE s BN a5t
GEA ol et Sole] thE FAB: Table 13+
Lok F-9FAe) Mo 4% BeBoE
st Askeel Fo8 B2Y 47 B Avsiry 5

42 wvne o g,

41. E2[8 54

pH: 7 o953 A)3lee] Hg pHe M8 gRiee)
Mz 72084 :5.782), 77 kA M= 7.0
(84 :5.7~82), Weolr] shidAlgdeAE 7508
:6.3~8.7p|t), Woty| gy A dhre| pHb 439k
oluf FEbr] et AFkpellA Bt Rk E:x|uk A
Ao 2e F49 AsgEelth. A7AY Askye]
pHE =PHEE RS @ pH:86) Rris @4 v,
woty) glatel]e Aslp@d pH: 7.9) Hobe yol
(F9=t 5, 1993). At ez 2ska:e] pHe HP=
&7, Sl AEXEEE 7l Eolaledl(o}
& F, 1997), @AY A5l pHe A7
sk 5ol siEr)

Eh: Z} e85 2|&e] 3§ Ehe 43]9kx]"oA
£ 226 mV(E9 :155~356 mV), FEH) Eizlz e
A 262 mVES - 187~333 mV), Wetr) glelxe
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dlME 227 mViEE < 180~367 mV)EAM 54 Aol
= A gt AvAY A AlRedA S
Eh: vnE e ghe RoiFy Sled, ol ARy
o] g9lolt E2FA thA)F ol 93 kg
dafe) 7)ol Aeg PP}t Ehis ti7]d &8
Aejg 24T, W7l HEE 7 AT W HE
s} Ehell thE BAo] $3EA] 3] gglems ¢
FA9 xshee| Eh 43t A #|skre) Ehs A
gahd FEelz Hr|= o]y rHNordstrom, Jenne,
1977). vt 249 95¥ Ehgts] B2 fARE
Aoz Hol AFAY A 4Tl FAGS] A
A gaasel 9g Aoz FxHEh

EC: zt ¢35 Adkre g7 A7 deEs A3
Aol 327 pSiem(HY :133~599 pS/cm), Fret|
sl7ket A dollM 215 pSem(E 9 @ 142~316 pSicm),
w7 Bl7det A|HollA 235 pSiem(EY : 97464
pSlem)EA FEbr|e Welr| EAdelA s AR fAL
st Asjgdlade ol ok ol whgde] B
eAdgEa) uheak Bl §EE] o] 52 5
Aol 710t

42, FHE X 7set

2o|2 HE 2t o= A s ol 5i0/dE
vl AFote] AL Cax>Si0,>Na>Mg>Kéaold,
b7l W et setelAE CazSi0,>Na>

Mg>K@og Rajbo} gloth 7h goleat Si0HES]
Bl obzel BAgle] FARKAT, M3 A
ahel] wla) sltelEe] Rsrole 50,8 Nat A
2| Rz} ApA oz A Sl Askee]
K*gefo] Ca?te} Nat ghagol wigf o w2 s
Hol= o] KMtk APgAle] £8171 o 8]
517] wEo)chNeshitt, Young, 1984). Ca**E 2
waMe] zggdt CattE e TAARES
olzslgse] 7|Qgch AvtF e HWElde oE
Zxrt 3 2 ALy mEng delde] FEs
E&o Cat A5E 2™Ie F2 4%l o
(Fritz et al., 1989).

£0|2 ME 7} ¢kgd x|ape] Fold ¥l
B fAkEe HCO,7h 718 -4t HCOy =
A U oehaby o] ehale) o3t 82 AAdEE
dl, pH7F ¢k 103 eldelds CO& ez F2 &
At ApAE Rshkpe] pHEHOE Hol ghilo]
e Fg HCOy HHzZ 43 Ao=Z Helr) =
7 AekeE HCO 9 #Ha = YA
% 100 mel&h), FXHREEFGEE 100~300 myelA
z}z} 4556 mgl, 686 mglEr Ax Fvid w) &
7¥ke Aoz Byd b AdHelEE 5, 1997). &7
Age| FEbzish eyl Al skl HCOs
¢ "HF ¥y 27zt 7560 mgl, 9483 mglEA
(Table 1) = 3¢t A9 Aslee] Hd4 s5E0

Table 1. Results of descriptive statistics of physical and chemical analyses for groundwater samples in different aquifer

geology.
Rock i Temp o Bh EC S0, Na  Ca Mg K HCO, E Cl SO, NO;
-type (°C) (mV) (usfem) (mgf) (mg/h) (mg/h) (mg/Dy (gD (mgil)y (mg/h) (mgil) (mg/l) (mg/)
Average. 151 72 226 327 1642 996 5147 543 26912226 018 1579 1591 1529
StDev. 34 09 55 157 435 841 2683 303 3.35 6767 031 1831 882 1273
Limestone Min. 98 57 155 132 1085 303 2090 140 047 3970 ND. 308 749 180
Max. 195 82 356 599 2161 2750 9570 9.85 119023279 074 5344 3441 37.93
Frequency 11 11 11 11 noonoonov w7 oo
Average. 168 7 262 215 2403 1442 2491 362 071 7560 072 1420 1215 1217
 StDev. 25 09 54 60 653 683 1044 173 037 2782 147 1233 758 850
J;i:}fi{: Min. 116 57 187 142 1626 473 1360 114 004 4729 ND. 336 14 000
Max. 82 B2 333 316 3251 2510 4660 624 12612097 399 41.63 2439 2636
Frequency 9 9 9 9 9 9 9 9 9 9 7 9 9 9
Average. 18.1 75 227 235 1907 2344 2345 266 1.37 9483 303 991 11.86 663
Crote-  StDev. 51 09 47 89 555 2470 1113 227 270 3827 323 951 639 6388
ceous  Min. 81 63 180 97 1211 347 550 005 003 3692 ND. 317 357 ND.
granite  Max. 254 87 367 464 3467 9870 S0.50 9.12 13.50197.30 1141 3653 2943 2035

Frequency 24 24 24 24 24

24 24 24 24 24 20 24 24 24

N.D.: not detected
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HCO3ICa 2NaAlSi;05+11H,0+2C0,
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Ag. 2. The ratio of bicarbonate to calcium and sodium
concentration plotted against TDS and sodium contents for the
groundwater samples within limestone and granite region.
Abbreviations : @ ; limestone, C ; Cretaceous granite, 4 ;
Jurassic granite
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Fig. 22] TDS-HCO,7Ca**TAIZ) N HE uiel 71
o], A3} A5k HCO./Ca%t 8|7 260 7Hle %
L2 rol 3¢k Aalgre] Ca*tel HCOy = wWaade)
Faflol] o) 2dEls Rom FHECh AR A
shella] AR gsllel olsfA Nate} HCO; oi&
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2Z-dEfo] E(smectite)2 M8 o) B £02 FIHE
HCOy/Na®™ B8l 2] ()9} 4 @pll 2jsiA] o= 7
St 10] sojof & Relch(=|F-2 &, 1997).
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A)Elre] kol Lol AL CaHCO, H3e|
sigE, ek B Askre 212 Ca-HCO.%1M
Ca-Na-HCO; fi&el sigdcy. a1z ] syt
A8k AL Ca-HCOw4 Na-HCO; F-3ol &g
goh A3y ddls o2 302 - ¥4 Ptes
R E AT HZito] We)] REFICH o]F F4 B4k
A AiFE sbeleee] EMAE® A, 19978 &
7l Fg, 39 stoimzel FAIEld wglcl, 7 A4 3
e pe] ol Lol 2AL Ca-S0M4F0 sl
FEH, 2 o]&zAe] A 28 Adkrshs T
glo] pHEC, b JEAY S8 Askpds F
W e el Hzhe 99 ofF gle Flo=
gt

APRY Filw et Askre] SAFHBS gof
31 Table 291 2tk FibE48] 29 Ca, Mg, Fe,
Mn, Al Zn, F, SO #Fo] vl ooy o
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Flg. 3. Piper plot showing the major ion concentrations of groundwater within limestone and granite region. Abbreviations:
Cgranite; Cretaceous granite, Jgranite; Jurassic granite

Table 2. Summary on contamination from the hydrochemical data of groundwater and minewater

:ff;ng;:::) ma:z.ﬂla:zcept minewater <10>  limestone  <11> J;?:if <9 Crge;zs;:t(;us <24>
Na <20 150 2.8-176 3.03-27.5 4.73-25.1 347987
K <10 12 09-6.4 047-119 0.04-1.26 0.03-13.5 *1
Ca <15-23 38-396 20.9-95.7 12.6-46.6 5.5-50.5
Mg 20 9.7-81.6 *8 1.4-9.85 1.14-6.24 0.05-9.12
F 1.5 5.9-260 *[1  ND-074 N.D.-399 ¥l 003-11.4 *10
Cl <25 150 2.4-40 3.08-53.44 3.36-41.63 3.17-36.53
S0, <25 200 140-1760  *8 7.49-34.41 1.14-24.39 3.57-2943
NO; 44.5 N.D.-5.2 1.8-37.93 N.D.-26.36 N.D.-20.3
Fe <50 ppb 30 ppb 21-27380 *5 N.D. N.D. 2-190
Mn <20 ppb 30 ppb 62-27150 *9 N.D-8 N.D.-9 N.D.-363 *|
Al <50 ppb 20 ppb 25-143930  *10  1-10 N.D.-6 N.D.-16
Pb 50 ppb 0.15-22 N.D.-4 N.D.-1 N.D.-2
Cu 1000 ppb 2.1-488 1-110 1-7 N.D-13
Zn 1000 ppb 10-10980 *3 13-179 4-723 3-806
As 50 ppb 0.5-58 *j N.D.-8 N.D.-5 N.D-11
pH 58835 3.54-8.10 *5 5.69-8.22 *]  57-815 *1 6.32-87 *]
EC <400 (us/cm) 347-2300 *9 132-399 *4 142-316 97-464 *2

< > number of samples, *; number of samples exceeding maximum acceptable value for dringking water
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O F - concentration

Scale of radii:
Proportional to F

Flg. 4. Spatial distribution of fluoride groundwater overlain on geology in Keumsan-Wanju fluorite mineralized province
(Fig. 1). High fluoride groundwaters are confined mainly to the Cretaceous granite region.
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CaF, < Ca®'+2F
Kﬂuurite=[caz+] [I.'ﬁ]z:lo—l().ﬁﬁ at 20°C (4)

BE7 BeiAtold] FHWAZRE AxAR wopy)
s Askre] EHARTH g Aslee] P
gt Lajed R A HokthFg 5). A7AY B
Akl gy A9l Eapslol g7y 4 BE
gxlo] glom, 7 oj2ef Aalrelale FMo] Sai4
B30 ML & F glok zely Fg 5 Cat, -
T oele] Thg o] &2 EFEHA| efo} o277} v
F o} G, ol @550t 190 ke Selola]
) R el wAoIT) o] ol EAd n
£ VA 2 ol2ATE Zhe S9elMe B 83
E7F g2k, AAE 10 mmold NaCle-eiel #a) 2l
ol gl ol wigks} oo uhe Ca,
F g7 o] 3ol wiet d42] gelee of 20 3
7tk Zlo2 AlAkEc} (Appelo, Postma, 1994). 97
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Fig. 5. Ca versus F diagram showing the saturation state of
groundwater with respect to fluorite in Cretaceous granite
region.
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Fig. 7. Scatter plots of fluoride versus well depth of
groundwaters within Cretaceous granite region. The
diagram shows that the fluoride concentrations increase
with increasing wetl depth.
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Fig. 6. Fluoride versus Na, Ca, HCO;, Cl, SiQ,, pH diagrams for groundwater within Cretaceous granite region. The
diagrams except for Ca exhibit a positive correlation with fluoride.
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Fig. 8. Fluoride versus trace elements such as Li, B, Rb diagrams show a moderately positive correlation.
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