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Wall Rock Alteration and Genetic Environment of the
Milyang Pyrophyllite Deposit

Kangwon Lee*, Hi-Soo Moon*, Yungoo Song* and In Joon Kim*

ABSTRACT: Milyang pyrophyllite deposit which was formed by hydrothermal alteration occurs in Late Cretaceous
andesitic tuff in the Milyang area, Gyeongsangnamdo. The wall rock alteration and genesis of the Milyang pyroph-

yllite deposit were studied.

The ore minerals are composed dominantly of pyrophyllite accompanied by small amounts of quartz, kaolinite,
pyrite, dumortierite and diaspore. The alteration halo of this deposit can be divided into three zones on the basis
of mineral assemblage; pyrophyllite, sericite and chlorite zone. The common mineral assemblages of each alteration
zone are as follows: (1) pyrophyllite zone; pyrophyllite-quartz-kaolinite-pyrite-dumortierite-diaspore, (2) sericite zone;
sericite-quartz-pyrite-kaolinite, and (3) chlorite zone; chlorite-plagioclase-quartz.

Major element chemistry shows that characteristic depletion in MgO, CaO, and Na,O and relative increase
in FeO from less altered chlorite zone to extensively altered pyrophyllite zone corresponding to variation in mineral
assemblages. The paragenesis of ore minerals, oxygen isotope data, chlorite and illite geothermometry suggest
that ore deposit was formed at about 250~330°C. Both hydrogen and silica activities are high in pyrophyllite
zone. Potassium activity increases in sericite zone while hydrogen activity becomes low in chlorite zone. The
pyrophyllite zone was formed relatively higher temperature than those of sericite and chlorite zones. The ore
fluid was considered to be magmatic water in origin derived from the residual granitic magma which interacted

with meteoric water.
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Fig.1. Geological map of the Milyang pyrophyllite deposit showing sampling sites.
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Table 1. Mineral assemblages in each altered zone from
the Milyang mine.

Zone Sample Predominant Other Minerals
No. mineral
C301 Pl Qz, Chl, Epi, Horn
C303 Pl Qz, Chl, Epi
C309 Pl Qz, Chl, Seri, Epi, Tou
C311 Pl Qz, Chl, Seri, Epi, Tou
C312 Pl Qz, Chl, Epi

Chlorite C313 Pl Qz, Chl, Seri, Epi, Tou
C314 Qz Chl, Tou
C100 Qz Chl, Seri
C115 Qz Chl, Prp, Seri, Pyr
Cl16 Qz Kao, Chl, Seri, Pyr
C122 Chl Prp, Qz, Pyr, Tou
C123 Qz Chl, Seri
C327 Prp Seri, Kao, Qz, Pyr
C330 Seri  Prp, Seri, Pyr

Serilite C102 Prp Seri, Qz, Kao, Chl
C113 Prp Seri, Pyr, Kao
Cl14 Seri  Prp, Kao, Qz, Chl
C316 Prp Kao, Pyr, Tou
C34 Prp  Qz Pyt
C325 Pp  Qz, Pyr, Kao
C103 Prp Kao

Pyrophyllite ~ C105 Prp Kao
C106 Qz Prp
C107 Prp Kao, Qz, Pyr
C109 Prp Kao, Pyr
C119 Prp Du, Kao

* Nodule M17 Dia Kao, Pyr
* Nodule M21 Dia Kao, Pyr

Abbreviation: Pl; plagioclase, Qz; quartz, Chl; chlorite,
Epi; epidote, Horn; hornblende, Seri; sericite, Tou; tour-
maline, Pyr; pyrite, Kao; kaolinite, Prp; pyrophyllite, Du;
dumortierite, and Dia; diaspore.
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Fig.2. Schematic columnar sections of drill holes (89-1,
90-3 and 90-6) showing sampling horizons.
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Fig. 3. Photomicrographs of altered samples from the Milyang deposit. A; epidotes,replacing plagioclase near micro quartz
vein, B; plagioclase replaced by tourmalines and epidotes, C; authigenic chlorites growing as radial form, and dissemina-
ted pyrites in chlorites zone, D; aggregates of finr-grained dumortierite developed in coarse-grained pyrophyllite, E;
apatite,svanbergite, dumertierite, and barite developed in massive pyrophyllite, and F; wavellites appears as radial form
and growth diaspores and kaolinite matrix. Abbreviation: PI; plagioclase, Epi; epidote, Qz; quartz, Tour; tourmaline,

Chl; chlorite, Prp; pyrophyllite, Du; dumertierite, Kao; kaolinite, Svn; svanbergite, Apt; apatite, Brt; barite, Dia; diaspore,
and Wav; wavellite.
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Fig.5. Oxides us. Al,O; variation diagrams of altered rocks in the Milyang pyrophyllite deposit. Open rectangle; chlorite
zone, cross; sericite zone, solid triangle; pyrophyllite zone, and solid rectangle; less altered rock(C301).
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Y& 40 ppm o]3te] e el (Fig 8).

Co, Cr, Sc, Vi= Mgt} Fe & 39124 HE-& 288}
k. 53 Scit} Vi= total Fes} #24& 7421 =d] (Evan
and Landergren, 1974), ¥ 299 widg g2 ja
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CaO+Na0 MgO

Fig. 7. FeOftotal)-(CaO+Na,0)-MgO diagram of less alte-
red and altered rocks from the Milyang pyrophyliite de-
posit. Symbols are the same as those in Fig.5,
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Fig. 8. Concentration range and average value of trace
elements from pyrophyllite and associated rocks. Solid
circle is average value. Left and right open circle repre-
sent minimum and maximum value, respectively.
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Table 3. Concentrations (ppm) of REE in the altered rocks of Milyang pyrophyllite deposit.

Sample Chlorite Zone Sericite Zone Pyrophyllite Zone
No. Clo  C301 C313 A2 Average C327 W18  Average C324 A7 Average
La 2590 2900 3280 2890 2915 4140 4070 41.05 830 1820 13.25
Ce 5404  S812 6865 614 6049 8629  85.88 86.09 1703 4450 30.77
Pr 5.84 6.35 7.19 6.81 6.55 9.64 942 9.53 191 6.59 4.25
Nd 2260 2450 2880  29.10 2625 4110 3910 40.10 860  29.30 18.95
Sm 4.05 434 5.07 533 470 821 693 7.57 204 6.40 422
Eu 0.94 1.06 1.28 135 1.16 230 1.37 1.84 0.67 1.58 1.13
Gd 3.25 3.50 3.98 440 378 7.60 5.82 6.71 379 3.83 3.81
Dy 290 3.01 3.23 3.70 321 643 4.60 552 553 1.80 3.67
Ho 0.52 0.51 0.55 0.64 0.56 1.12 0.79 0.96 1.01 0.28 0.65
Er 159 | 148 149 1.80 1.59 3.20 212 266 3.19 0.62 191
Yb 151 1.31 122 1.56 140 298 1.71 2.35 295 040 1.68
Lu 0.25 021 020 0.26 0.23 0.49 027 0.38 0.50 0.06 0.28
Total 12339 13339 15446 14499 39.058 21076  198.71 04735 5552 11356 84.54
'CN.
La 785 87.9 9.4 87.6 8835 1255 1233 124.40 252 552 40.20
Ce 62.5 67.2 794 70.7 69.95 99.8 99.3 99.55 19.7 514 35.55
Pr 479 52.1 589 558 53.68 79 713 78.15 156 54 34.80
Nd 359 389 45.7 46.2 41.68 65.2 62.1 63.65 137 465 30.10
Sm 20.6 214 25 263 2333 404 34.1 31.25 10 315 20.75
Eu 122 138 16.6 175 15.03 29.9 17.8 2385 87 20.5 14.60
Gd 11.8 12.7 14.5 16 13.75 276 212 2440 138 139 13.85
Dy 85 8.8 9.4 10.8 9.38 18.8 13.5 16.15 16.2 53 10.75
Ho 6.8 6.7 72 84 728 147 104 12.55 133 37 8.50
Er 71 6.6 6.6 8 7.08 142 94 11.80 14.2 27 8.45
Yb 69 6 55 7.1 6.38 135 78 10.65 134 18 7.60
Lu 7.3 6.1 58 7.6 6.70 144 79 11.15 147 1.7 8.20
! Eu/Eu* 0.26 0.27 0.28 0.28 0.27 0.29 021 0.25 0.23 0.31 0.27
(La/Lu)., 1075 1441 1714 1153 13.19 872 1561 11.16 171 3247 490
(La/Sm)cq 3.81 4.11 3.98 3.33 3.79 31 3.62 3.34 252 175 1.94
(Gd/Lu)cn 1.62 2.08 250 211 2.05 1.92 2.68 219 0.94 8.18 1.69
2Tot(Ce) 11337 12337 14379 13263 12829 18894  183.40 186.17 3855 106.57 72.56
3 Tot(Y) 10.02 10.02 10.67 12.36 10.77 21.82 15.31 18.57 16.97 6.99 11.98

tNormalized values by Nakamura (1974). 1; Eu* value abtained at Eu position by interpolation between Sm and
Gd. 2; Sum of light REE (La to Eu). 3; Sum of heavy REE (Gd to Lu).
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Fig. 0. Chondrite-normalized REE pattern of altered ro-
cks. C100, C301, C313, and A2; chlorite zone, C327 and
W18; sericite zone, and C324; pyrophyilite zone.
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Table 4. Stable isotope values of quartz, kaolinite, pyrophylite, pyrite, and sericite from the studied area.

Mine Mineral SMOW 10 bt T(C T(C T(C
Sample %0 & "0 D¢ &S AQzH0  AQz-Se  AAlu-

No. . (%0 ) (%o) (%o) (%o) (%o) AKa—H20
Milyang
K9 Quartz 6.7 -0.7 300
K18 Quartz 6.4 -1.0 315
K11 Kaolinite 10.1 74 110
W19-3 Kaolinite 19.1 164 25
W2-1 Kaolinite 179 —69 15.2 —54 /35
K8 Pyrophyllite 4.8 —47
Kll Pyrite 17
Sungin
K3 Quartz 7.8 —-04 275 285
K1 Sericite 42 —69 0.5 —54 270 285
K4 Pyrite -02
Muyoun
K28 Quartz 7.1 -0.3 295
W8-1 Kaolinite 177 —66 150 —51 35
w3 Pyrophyllite 9.7 -75
K28a Alunite 16.6 410
K32 Pyrite 31 410
Maejeon
K23-1 Quartz 60 ~14 325
K19 Pyrophyllite 9.2 —69
K22 Pyrite -0.2
Abuk
K25 Sericite 7.7 =70 40 -55 150
K27 Pyrite -145

Abbreviation: Qz; quartz, Ka; kaolinite, Se; sericite, Alu; alunite, and Pyr; pyrite.
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Fig. 11. Pressure-temperature relation of some dehydration
equilibria and the stable mineral assemblages of the Mil-
yang pyrophyllite deposit. Abbreviation: A; andalusite, K;
Kaolinite, P; pyrophyllite, D; diaspore, C; corundum, Q;
quartz, Ky; kyanite, S; sillimanite, and W; water.
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Fig. 12. Temperature-depth diagram of the chlorites for T
C)=-61.92+321.98.AI(1V) (after Cathelineau, 1988).
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