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Geochemical Data Analysis of the Granitic Rocks Potentially Related to
Fluorite Mineralization in the Geumsan District

Ho-1ll Chin*, Hyo-Taek Chon* and Kyoung-Won Min**

ABSTRACT : About forty ore deposits of CaF.+ Aut Ag+ Cut Pb+ Zn are widely distributed in the Geumsan district and
are believed to be genetically related to the Mesozoic Geumsan granitic rocks. Based on their petrogeochemistry and
isotopic dating data, the granitic rocks in this district can be classified into two groups ; the Jurassic granitic rocks
(equigranular leucocratic granite, porphyritic biotite granite, porphyritic pink-feldspar granite, seriate leucocratic granite)
and the Cretaceous granitic rocks(seriate pink-feldspar granite, equigranular alkali-feldspar granite, equigranular pink-
feldspar granite, miarolitic pink-feldspar granite, equigranular biotite granite). Spatial distribution of fluorite ore deposits,
fluorine contents of granitic rocks and fracture patterns in this district suggest that three granitic rocks(equigranular
biotite granite, equigranular pink-feldspar granite, miarolitic pink-feldspar granite) of the Cretaceous period be genetically
related to the fluorite mineralization. In these fluorite-related granitic rocks, fluorine is most highly correlated with
Cs(correlation coefficient(r) >0.9), and also highly with MnO, U, Sm, Yb, Lu, Zn, Y, Li (r >0.7). Statistically the variation
of fluorine in the fluorite-related granitic rocks can be explained in terms of only three elements, such as Lu, CaO
and Cs, and the fluorite-related granitic rocks can be discriminated from the fluorite-nonrelated granitic rocks by a
linear functional equation of La, Ce, Cs and F(Zux =—1.38341—0.00231F—0.19878Ce+0.38169La+(.54720Cs). Also,
equigranular alkali-feldspar granite is classified into the fluorite-related granitic rocks by means of the linear functional
equation(Zus).
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Seriate pink-feldspar granite

Fig. 2. Sampling sites and granitic rock types of the Geumsan district.

22 ofFoA gle AR WAHALFE 7]A & AT Aol oF 4049 FH F F5%de] FAY
2 ogtol Uy Ao Aol Gt 34 SElolE, 2AA S SR v Exaa e, F8 #F
Mot 2 A3 At o TAEC e Aldvd 2R E 4T F, Lol At det F, A, ok, HAY
g wHA=HASY 34 9 AR HIgo g ojFojal 1§ sl okFig 1). 53 dHS e 3
A A Zol Fx3}e, ol & FAY AT AT T A A FE Mo by 3 e 2te s 3
TAY BASFE A, A AL SoE TS S & deRd s dead fae] £ HdE e
B AT R S Hdctd, & ue, B2 Y Ase 958 AT g9 499
T ToE T I HE Ha glor, ofF th b 4 Herh pHsth 2t g Afe] delxe 9
AR Aodukel, e, vlEAe7E Belste ol A o deEd e d4e] &, & F o oA
ch(Fig. 1) S A whehsof dek FAAA Y gL o}



372 Az - AEd w749

Table 1. Abundances of fluorine in the Geumsan and some major dubd o2 Aot B4 dhefo] 2 olMe] Byl g
Mesozoic granitoids in Korea. Number of analyzed specimens in Aarel BEbelle WA B o] e Ao otey A

parenthesis and unit in ppm.

Granilic rocks Mean  Ramge  CV(R Wrheg. Coats et al, 1963 ; HEH 1983 ; A&el - 9144,
Equigranular lewcocratic granites(28) 601 260930 25 1089). weh] g4 M o BEEE 071 e st kel
Porphyritic biotite granites(7) 549 400740 2 FAY 74ohe 4 SHETo o EEehe Wols] Yo
Po':’:nyi::';tlfi)“k‘fems"” 557 350-860 2 Asher Rl W 29 FFeeEe Ay E"ﬂ(Tabe D,
Se%iate leucocratic granites(3) 607 560-660 8 Hebrld dgshe $3 R ek 1,750ppm, vJo}-£2}
Seriate pink-feldspar granites(3) 690 350-1,000 37 A 3} 7}okL 820ppm, 5% TAAA 37} U"°ﬂ A 79
Equigrfmular alkali-feldspar 500 130920 70 pm 22 calcalkaline A9 v}an}EuE H3is 37}l

granites(4)
Equigranular pink-feldspar grantes(5) 796 400-1,260 47 3ol 41 £ =2 83(700ppm; Tauson, 1974) ¥7 ofrje}
Miarolitic pink-feldspar granites(?) 820 710-930 19 \gf&,] Fet7)ef doty] sk A Brgerad
gggfgjgzgﬂgv‘zl:gnm“"es<z> e "mj;:gg;’ o 621ppm, 340ppm; 59, 1983)5 %747 842z o
granite mass'(39) FeAsto 2 4 A e AR LF F P 2x
Cretac.em'ls 'I.iulgugsa 340 35-944 95 @%*(701ppm) Boe & 2H8 HodF 7 9) olch, =3 FAx 4
Jufzzztog:eb(:.,gzrlnitoids'(26) 621 240-1,451 4 dARAE e thefe 34 TERHS £
Average contents of granite that is F3e AZFAE e B o, 1 #A)7)7) werEe
differen‘t‘i'ated from the calc-alkaline 700 wj 53k wloly] o]&al Hog ywyy v} QoA & ak 1975).
== webd FAAA LS 9714 kRS 1 B
s oy b Wb gl A MR S, Y 9
***Souce : Tauson(1974) BN FEAA R FAREA 4FE £ wd 729
¥*x+C.V. : Coefficient of variation(%)Iita;ggard deviation/Mean FN20-50W; A A8 19753 83733FE74] 78 B
T 2 & o, gM3sa85 9 #ad A5y
e B oy 3dEE 53 LR 7HHERG),
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T F70o B4 ek e AYHAE Aoleky 5 IH R4S SAGFE BE ofeb B ool Foas
Ao u ledl (AR 1975), ol2ld 2A2E ukEY ole|dt A7bxl H}AFE ¥ BA 7R (uorite-rela-
of FEse Fio] g Zé-“} o] 9pzte ukekit el Ao ted granitic rocks)' &, 18] 3 Y]] o3 4l7}A) 9 srpetiE
Aol #AE e H74Eel Y9 A3ste] #3587 S8 YRt Bad b Ado] Hubdl Aoz gy
$7F 248 5 Lg uheta of7)ef Fe4719 4713 #74HFELG, PBG, PPFG, SLG)E ‘¥4
285 AH3oks AAH ez F2ste slufely ale] 9 H] 221 317} S (fluorite-nonrelated granitic rocks)’ 2 77}
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AR EE o Rt AT HEE g
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ol7b gl Ao® nug up kAR, 1975) AR)T 2 4425 HFFRF ol P a5 EAA
LB 9% Aol & Bo|i 9leA dopry] et T test
SRR B I Y HuoE 2 FHET Tiest AoHTable 214 59 7 9250)
3 frol=st 0.05mIe 2 F Ak ol g XM%

e didez F dehlle 922E Si0, TiO, AlOs, Fe0s, FeO, MgO, Ca0,
2 22HY kFo bAoA 2 1340 AEE AAA K:0, P:0s, Rb, Sr, Ba, Li, Cs, Hf, Th, U, La, Ce, Sm, Yb, Lu,
2.2 A33el o.n(Fig 2), FATRA WY 28 28 In YV, F 5 2570 €949 LOL o, o] A aagztor
& ol 27 B % 30 94% EAddEy Fol 4 Si0,, K.0, Rb, Hf, Th, U, Sm, Yb, Lu, Y, F & 117H
5, 1995). a9 Higado] & §He Holx 9ud, olHe ¢
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Table 2. Analysis of T-test for major and trace element contents
of fluorite-related granitic rocks and fluorite-nonrelated granitic
rocks in the Geumsan district.(major elements and loss on igni-
tion : unit in wt.% ; trace elements : unit in ppm)

Elements Group Mean Std. Dev.  2-Tale Prob.
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PRO. : Fluorite-related granitic rocks(9 samples) ; BAR.: Fluorite-non-
related granitic rocks(49 samples) ; Std. Dev.: Standard Deviation ;
2-Tale Prob. : 2-Tale Probability
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Fig. 3. Correlation coefficients of 37 elements

in the Geumsan district.
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Fig. 4. Correlation coefficients of 37 elements(raw data) and loss on ignition

in the Geumsan district.

Table 3. Multiple regression analysis of major and trace elements
on F contents(ppm) for the fluorite-related granitic rocks(9 samples)
in the Geumsan district.

Si0;, TiOz, ALO;, MgO, CaO, K:0, P,0s
Rb, Sr, Ba, Cs, Hf, Th, U, La, Ce, Sm, Yb, Lu, Y, Li

Source of Sum of Degree of Mean of F value Sienificant F
Variation ~ Squares  Freedom  Squares g
Linear “yoges1 3 ean2r
Regression .
118.4°0.0000(<0.05)
Residual 274319 5 5486.4
Regression Standard
R Square  Variable Bress Regression T  Significant T
Coefficient .
Coefficient
Cs 120907 0328 2747 0.0404

al 1262831 0412 7346 0.0007
Lu 2153.637  0.540  4.630 0.0057
-1241.669 -4.933 0.0043

* : Significant at the a=5% level of significance

0.98611
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or the fluorite-nonrelated granitic rocks(49 samples)
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2000 —
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{

Equation:
Y =1.0145 * X + -1241.669

Number of data points used = 9

Coef of determination, R-squared = 0.98611

1000
-1241.8689

-2000 . T . S
0 100 2000 000 4000

2153.637Lu(ppm) + 1262.831CaO(wt.%)
+ 120.907Cs(ppm)

Fig. 5. Multiple regression function of some major and trace
elements on F contents(ppm) for the fluorite-related granitic
rocks(9 samples) in the Geumsan district.
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Table 4. Discriminant analysis of some trace elements for the
granitic rocks in the Geumsan district.

Cs, La, Ce, F
Statistics Discriminant Function
Eigenvalue 3.3006
Percent of Variation(%) 100.00
Canonical Correlation 0.8761
Wilks’ Lambda 0.2325
Significance Level 0.0000(<0.05)
. Standardized Canonical Ur?stand?rdlfefl
Coefficient L " Canonical Discriminant
Discriminant Function .
Function
Cs 0.70232 0.54720
La 4.86491 0.38169
Ce -4.25509 -0.19878
F -0.52504 -0.00231
(constant) -1.38341
Group 1 Group 2
Classification 100.0% 100.0%

100.0%

Training set : Group 1: Fluorite-nonrelated granitic rocks(49 samples)
Group 2 : Fluorite-related granitic rocks(9 samples)
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Fig. 6. Plot of scores of discriminant function for the fluo-
rite-related granitic rocks(group 2) and fluorite-nonrelated
granitic rocks(group 1) in the Geumsan district.

R, : Discriminant index ; Ri : Centroid of Group 1 ; R:: Cen-
troid of Group 2.

el
T

m2ba & AFAG A FH Bt v
ke TEsked oA La, Ce, Cs, F 202 2
2344 7]@3}%11:‘1] 53 YA} FATE Ce} F,
AU BANYLFAFE Lah Cso] F ARS FRebe)
TR 71eld Ao g JehygthFig 6). ¢ v EF38
AL Y ARELTHE 292 gate £44)
W A (discriminant score)S TE 4 A A0 A 7y
=—1.38341-0.00231F —0.19878Ce +0.38169La+ 0.54720Cs
2.2 =255 ch(Table 4). o] Aol &) Fa) 2 7219) A o)
A S F Ak AAH A 2924 (discriminant
index; Ro)%} #lazse] o= At HPgExE B 4
QA AT 4714 F Ay BEASR)E o3 7ol
At}

O

A 4(discriminant index)
19 §F w4 A< (centroid)
28] 33 FE A (centroid)

HEESE Ao s g BAPUFON A8)9
Al el st ool Al 7)Y AR50 dg B4
1, 7t Ak A9 J"i‘ 8 4 (centroid) S A Absted
HEE BEALR)E R =~ 170022 vhebsoh, wheby w)



INDEX MAP

sy agel A7 e A4

127°32°37"

377

127°38'56™

,:X
Gex R X

36707'42"

X
x
x

36°07'34" oo
x :(( ;X x : : o X X
35'50'04" [
127'15'00"

Equigranular biotite granite
Miarolitic pink-feldspar granite
Equigranular pink-feldspar granite
Equigranular alkali-feldspar granite

Seriate pink-feldspar granite

£

.’ 4

127°32'06"

~ 127°50'03"

7 0 10km

Y% Fluorite
%X : CaF,+AutAg+Base metals
Discriminant scores(R,)
-1.7<0
830<®<-17

®<-30

Seriate leucocratic granite
Porphyritic pink-feldspar granite

Porphyritic biotite granite

X X X X X
X X X X X

Equigranular leucocratic granite

Fig. 7. Plot of discriminant scores on sample locations.
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Table 5. Geostatistical characteristics of the granitic rocks in the Geumsan district.

Possibility of

Average Relativel Highly Multiple Discriminant fluorite
Fluorite fluorine ey correlated regression ser ‘a rmineralization
Pertrography Lo enriched . . analysis L
mineralization  contents clements elements with  analysis(F, (Cs, La, Ce F) (Discriminant
(ppm) fluorine  CaO, Cs, Lu)* " " index=R,)
Equigranular leucocratic granite TiO: Sr
ALOs Ba
Porphyritic biotite granite Unrelated Fe;03 Li La
Porphyritic pink-feldspar granite (49 samples) 5§79 Fe,0; Li None Cs R>~170
Seriate leucocratic granite FeO Cs
MgO La v
Ca0 Ce
P:0s Zn
L . Zuy =-1.38341 Impossible
Seriate pink-feldspar granite ? 0.0031F
-0.19878Ce
+ .
Equigranular alkali-feldspar granite ? +g’:§;g§g Possible
Cs(>0.9
, _ , si0, ko 09
Equigranular pink-feldspar granite F(ppm)= A
T . Related Rb Hf pp
Miarolitic pink-feldspar granite 9 samples) 1,122 ™ U MnO U 2153.6Lu(ppm) + R, <-1.70
Equigranular biotite granite P Sm Yb Sm Yb (>0.7) 1262.8CaO(wt.%) Ce
Lo Y ";“ Zu" + 1209 Cs(ppm) F
F —1241.7
Sr Ba(<-0.7)
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