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A Geochemical Study on Pyrophyllite Deposits and Andesitic
Wall-Rocks in the Milyang Area, Kyeongnam Province

Dae-Gyun Oh*, Hyo-Taek Chon* and Kyoung-Won Min**

ABSTRACT : Several pyrophyllite deposits occur around the Milyang area where Cretaceous andesitic rocks
and spatially related granitic rocks are widely distributed. Pyrophyllite ores consist mainly of pyrophyllite,
and quartz with small amount of sericite, pyrite, dumortierite, and diaspore. The andesitic rocks and spatially
related granitic rocks in this area suggest that they could be formed from the same series of a calc-alkaline
magma series. The contents of Si0,, AL,O;, LOI (loss on ignition) are enriched, and K,O, Na;0, Ca0, MgO,
Fe,O; are depleted in altered andesitic rocks and ores. Enrichment of As, Cr, Sr, V, Sb and depletion of
Ba, Cs, Ni, Rb, U, Y, Co, Sc, Zn are characteristic during mineralization. The pyrophyllite ores can be
discriminated from the altered-and unaltered wall-rocks by an increasing of (La/Lu)., from 4.18~22.13 to
8.98~55.05. In R-mode cluster analysis, Yb-Lu-Y, La-Ce-Hf-Th-U-Zr, TiO,-V-ALO;, Sm-Eu, Ca0-Na,0-MnO,
Cu-Zn-Ag, K;O-Rb are closely correlated. In the discriminant analysis of multi-element data, P,Os, As, Cr
and Fe;0s, Sr are helpful to identify the ores from the unaltered-and altered wall-rocks. In the factor analysis,
the factors of alteration of andesitic rocks and ore mineralization were extracted. In the change of ions per
unit volume, SiO,, AP*, and LOI are enriched and Na*, K*, Ca?*, Mg>*, Mn?* and Fe’* are depleted
during the alteration processes. The Milyang and the Sungjin pyrophyllite deposits could be mineralized
by hydrothermal alteration in a geochemical condition of low activity ratio of alkaline ions to hydrogen ion

with reference to spatially related granitic rocks.
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Fig. 1. Geological map of Milyang area showing the
location of the Milyang mine (MY) and the Sungjin
mine (8J) (Kim and Hwang, 1988; Kim and Park, 1964;
Kim and Lee, 1964; Hong and Choi, 1988).
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Fig. 2. AFM diagram of andesitic and granitic rocks
from Milyang area. 1 : tholeiitic, 2 : calc-alkaline.
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Table 1. Mineralogical compositions of some ores and wall-rocks in the Milyang area.
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Type Sample No.

Mineralogical composition

Ore MY3-63
MY3-72
MY4-73

Altered wall-rock 0505
0511
MY3-40

Unaltered wall-rock 0402
0403
0603
0607
0611
0612

pyrophyllite, pyrite, dumortierite
pyrophyilite, quartz, pyrite
pyrophyllite, quartz, pyrite

plagioclase, quartz, sericite, kaolinite, chlorite, epidote, opaque

plagioclase, sericite, quartz, opaque

plagioclase, sericite, quartz, chlorite, opaque

plagioclase, hornblende, sericite, chlorite, opaque
plagioclase, pyroxene, hornblende, opaque, chlorite, sericite
plagioclase, pyroxene, calcite, epidote, chlorite, opaque
plagioclase, pyroxene, hornblende, quartz, chlorite, opaque
plagioclase, pyroxene, hornblende, sericite, chlorite, opaque
plagioclase, pyroxene, hornblende, sericite, chlorite, opaque

SJ3-80 plagioclase, quartz, hornblende, pyroxene, chlorite, sericite, opaque
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Fig. 3. Diagram for Na,O+K,0 against SiO, content.
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Fig. 4. Diagram for ratios of log (K,0/Mg0O) and SiO,
content (J.W. Rogers et al.,, 1981). Symbols are same
as in Fig. 3.
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Fig. 5. Diagram for ratios of alkali to calcium and SiO,
content. Symbols are same as in Fig, 3.

M"W 53] AokT = Ag Ay, Ni, Pb, V 52
A7 A ZAEA ol8E el gth(Table 2).
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Fig. 6. Diagram for ratios of FeO*/MgO and FeO*
(total Fe) content. Solid line is boundary of tholeiitic
and calc-alkaline series of Miyashiro (1974). Symbols
are same as in Fig, 3.

ke HA=Z alkali G9¢) 71718 calc-alkaline o3 <o)
T3} calc-alkaline AGY-& AA}gch(Fig 4). Si0,
el et K,0+NayO/(K,0+Na0+Ca0) ] 7o)
Sel e vlud Tye BIZ HolAw AR cale-
alkaline %ol ¥E3= P& 2AcH(Fig 5).

g8 AFME(Fig. 2) ol A& tholeiitic A Q) H31733
of ZHHATY HAZ calc-alkaline AGe) E3A3%3
FARE FE BejEo) =3 Miyashiro(1974) 7} A A&
FeO* o} FeO*/MgO¥] gte] ¥AHE calc-alkaline #22)
34 EE G2 (Fig.6). 919 7+ AJZE o]y 2
Egd o $Ago2 Bo} o] Qe ghatetAel n
74 AdF7 598 calc-alkaline A9 A|Abain
.
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o} MgO9] 3tzdo] WA <habtAltoll A wPHA <haket
Agel wls] Zadhe olfv 4 FES HAR S
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As, Cr, Sr, V 58zt njwA
493, 100 ppmoll 4] WA qhilek
o2 Zasgnirt FAME
22 27kl ch(Table 2).
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Fig. 7. REE patterns of some unaltered and altered
andesitic rocks from Milyang area.
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Fig. 8. REE patterns of some granitic rocks from
Milyang area.
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Fig. 9. REE patterns of pyrophyllite ores from Milyang
mine.
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Fig. 12. Dendrogram plotted from the R-mode cluster
analysis of multi-element data.
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Table 3. Discriminant function coefficients and related
statistics.
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Tdble 4. Discriminant classification results of the

FUNC. 1 FUNC. 2
Eigenvalue 5.0366 1.2912
Percent of variation 79.59 20.41
Coefficients
Fe,0; 71350 —.34800
MgO 54288 1.09424
P,0s —-.76970 —-.10352
As —1.36506 1.12936
Ba .35626 76923
Cr —.69560 22733
Rb —.44228 —.88974
Sb 2.14821 —1.37032

A 25 eigenvaluer} 1324 204
gch(Table 3). A 72 744 o
A3 d2FE standard canonical W4
E Alsrg shEa 104 Sr(2.148), As(1.365), P,0Os
(=0.770), Fe;05(0.714), Cr(—0.696) S-olu] shd 4] 24|
A& Sr(—1370), As(1.129), MgO(1.094), Rb(—0.890),
Ba(0.769) 522 vepytc) J&E"'—i/‘ﬂ' o2 7% 3 Aeg
EAst] 2w (Fig. 13), 2 5 1o & 7tz Fel 4
0& FHo2 FZ02 PO, AS Cr A% 5= ‘?-é-‘?—
Fe 05, Sr 5ol oJa] #4iz} wpdAl obabebdol & Wiz
qhatere] A tlatd o A3 FE-Fck {]'&a] 42
el xe FAF qhakghAste] HEs] FREHAE of
Aot M2Fel A 0& FA 22 o} 2 Sr, P05, Rb A&
3 92 As, MgO, Ba 5o 93 ajo]Ho] wrrzlc).
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Table 5= F, 4% 42 % vRdag o)4d

varimax rotation ¥¢] 9.9l B-AF g4 5709 2918 694
%] AHEE 713 291 19 eigenvalues 9482 249
o]

%9 AWHE 7HH 290E o] F= Y4 It
ofvt 49 HAIs) Aale]of Frlshe FAHE 924 S0,
ALO,, LOI(loss on ignition)¢} wPHA olatelalolte)
HAA Hog Wske Holx] sl B FA s
Aads K09 Rb, 22]2 uPEA qhakebaglel] wjs)
HAMISH A zhisleickh BAA R 27}
3= Ti0,, P,0s, Cr, Sc, Sr, V Sojt}. 891 9= La Ce
%9 LREE®} Th, U, Hf, Zr 59| A4 9458 TAE
ok 29l 3L wpHA <hakekAcle] wiAzte

HUE H3HE HolA Qi) F3hatexd AN 74

groups.
Predicted group membership
Actual group  No. of
cases 1 2 3
Group 1 5 5 0 0
(ore) 100.0% 0% 0%
Group 2 9 0 9 0
(altered rock) 0%  100.0% 0%
Group 3 29 0 4 25
(unaitered rock) 0% 13.8%  86.2%

Percent of “grouped” cases correctly classified : 90.70%
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T8I A4S dishs P4 T Z4(Hemley and
Jones, 1964) 9] 3to] F-Ald 4= e} wpeha] WA 24
Bofshe o] 259 4 Ao} 48 W) Ao e
as7] et shg FAH9} @A spu]Ee o] 4ato]
e AAE o] 22 Kg/)E AsIATH Table 6). ¥
A chbtde] JMta AR E 6709 Alme} WA
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Table 5. Eigenvalue, percent of variation, cummulative percent and varimax rotated factor loadings in factor analysis
for total elements in Milyang area.

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5
Eigenvalue 9.48 7.51 493 2.37 207
Pct of var 249 19.8 13.0 6.2 55
Cum Pct 249 4.7 57.7 63.9 69.4
Element
\" 91084 —.07631 04068 —-.10757 .10999
TiO, 90529 13824 13785 06406 16596
Sr 79611 —.22009 —.08683 —.15066 07603
Al,O3 78375 41883 08414 —.10477 12543
Cr 75648 .00912 —.29433 —.22945 15837
Si0; —.72157 -.13292 —.13662 —.33996 13530
LOI 69995 19208 13791 —.34204 —.01781
Sc 68621 05680 47430 .23280 14256
K0 —.66027 22282 15571 24319 13637
P,0s 61605 —.32405 —.44736 10918 20184
Rb —.56927 .34852 07610 18278 15542
Th —.05865 87767 23525 —.25843 11368
Hf 27732 81482 37864 -.11959 07882
Zr 23276 74144 .30043 02949 05431
La —.13471 72275 03194 —.30656 45361
Ce —.05438 69712 03652 -.32117 58680
U —.23866 68826 48785 02870 01651
Yb —.11003 24230 91313 —.02449 {02079
Y 21364 .16364 87441 .10869 —.09278
Lu —.22812 31707 85228 —.08705 —.04600
Tb 14812 08062 74572 15193 —.35407
Ca0 —-.11452 —.16967 —-.13101 .83760 —.16055
Na,O —.34503 —.20023 10079 72743 —.22965
MgO 04460 —.25345 —.12280 71237 —.03748
MnO —.10393 —.05504 11906 67476 —.21460
Sm 13272 .25400 09373 —.16962 .84662
Eu 26136 22206 25743 06561 79165
Nd 11105 .00236 —.22323 —.30477 .76865

on ignition) & 60.0, 148.1% %7}3litH(Table 6). AP
HA oL} WAz Ao v]wA QJAFH Q2o BF

U

t2 WA qlileb

Aol Wl FAe] FAAo dAstA

= d4S Balrk(Table 6, Fig. 14).
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Table 6. Chemical composition per unit volume of samples in Milyang area.

29 AT 2T 37

(€4))

Ore Altered

Unaltered Average Unaltered

my4-73 my3-59 my3-72 my3-63 my3-40 my3-90 my4-100 my3-10 my4-41

5j3-80 0402 0403 0602 0603 fresh altered  ore altered ore

Si0> 1957 1661 1744 1498 1711 1365 1808 1640
AR+ 201 338 359 422 200 483 167 243
K+ 3.0 0.9 26 160 548 1.8 33 634
Na* 26 1.9 29 73 834 1.8 41 564
Ca2t 9.6 94 7.1 120 737 2.1 3.9 1186

Mg2+ 0.3 0.6 0.5 2.8 7.2 1.3 L7 203
Mn2+ 0.2 02 02 02 21 0.2 0.2 2.3

Fe3+ 2 42 6 83 54 37 232 109
Ti*+ 136 124 133 231 60 311 104 109
ps5+ 5.3 5.0 43 4.8 1.3 21 0.5 2.8

LOI* 106 152 130 201 23 257 32 44

1487 1774 1506 1595 1687 1423 1583 1628 1634 +29 +32
238 225 263 241 245 270 246 284 373 +153 +516
48 818 656 531 686 549 591 200 65 -662 -89.0
68.1 973 383 488 81.0 844 585 297 41 —492 931
589 352 578 899 86.1 130.7 823 266 9.5 -67.7 -884
263 151 464 610 309 567 370 34 13 -90.8 -96.5
2.3 19 10 L7 15 28 18 09 02 -5L5 -883
210 63 160 158 99 190 147 108 43 -269 -705
114 69 182 167 116 183 137 158 163 +150 +183
2.1 09 40 43 24 46 3.1 13 47 —584 +507
69 33 8 91 31 4 65 104 161 +60.0 +148.1

S.G. 255 259 262 275 250 265 288 271

267 266 269 276 276 267

Quantity of ion per unit volume=atomic weight/molecular weight X 1000 X specific gravity, *LOI : loss on ign.

PERCENT (%}

M

100 1 -
$10, A13Y ke Nat ca*  Mg2*  Mr2*  Felr Tide

[TT] tresh unaltered - P73 tcesh unaltered
77 altered andesitic rock andesitic rocks - ore

P5* loss on
gnition

Fig. 14. Variation of chemical composition per unit
volume in unaltered and altered andesitic rocks and
ore zone.
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