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Mineralogy of Nodules in the Milyang Pyrophyllite Deposit,
Gyeongsangnamdo, South Korea

Hi-Soo Moon*, Kangwon Lee* and Yungoo Song*

ABSIRACT: Some nodules occur in the Milyang pyrophyllite deposit which are hydrothermal alteration products
by Late Cretaceous andesitic tuff. These nodules are divided into two types on the basis of mineral assemblages;
diaspore and pyrophyllite nodules.

The diaspore nodules consist mainly of diaspore, kaolinite, pyrophyllite and pyrite with a small amounts of wavel-
lite and tourmaline. They are light purplish grey in color, ellipsoid in shape and range 1 ¢m to 15 cm in size. A
small or large diffuse band exists in some nodules. The platy coarse-grained diaspore is intergrown with the fine-
aggregated kaolinite in the central part of the nodule. It appears that the grain size become fine from center
to margin. The pyrophyllite nodules, which have the same shape with diaspore nodules, consist dominantly of
pyrophyllite accompanied by small amounts of quartz, kaolinite, svanbergite, wavellite, tourmaline and apatite.

Chemical compositions of alteration zones and nodules show that the wall rock alteration involved mainly
the removal of large quantities of silica and alkalies and small quantities of Ca, Mg and Fe. The sharp increase
in the Al content of the nodules is the result of residual concentration of alumina by the leaching of the mobile
components.

The pyrophyllite nodules were formed in the fluid saturated with quartz as mx_, and M0 increase. Under
this condition, the pyrophyllite-kaolinite-quartz assemblage was stable. Diaspores formed from pyrophyllites in
the fluid undersaturated with quartz as 0 increases (decreasing temperature). Under this condition, diaspore-
pyrophyllite-kaolinite assemblage become stable. The formation temperature of the nodules on the basis of mineral
assemblage is estimated as 275~340°C
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Fig. 1. Photographs of nodule-bearing rock (A) and diaspore nodules (B). Photomicrographs of wavellites (C) and svanber-
gites (D). Wavellites occur as charateristic radial form. Svanbergites are in contact with pyrophyllites. Abbreviation:
Dia; diaspore, Pyr; pyrite, Wav; wavellite, Tour; tourmaline, Prp; pyrophyllite, and Svn; svanbergite.

Table 1. Mineral assemblage of nodules in the milyang pyrophyllite deposit.

Type Part Mineras! Assemblages Sample No.

diaspore nodule diaspore+ kaolinite + pyrite + pyrophyllite N7, N8, N10, N11, N15,
* pyrophyllite+ wavellite+ tourmaline N16, N21, N22

diaspore nodule Center diaspore+kaolinite+ pyrite+ wavellite N6, N17, N23

with diffuse band

+ tourmaline

Margin

diaspore-+Kalinite + pyrite+ pyrophyllite + wavellite
1 tourmaline

pyrophyllite nodule

pyrophyllite+Kaolinite + pyrite + quartz + N4, N5, N12, N13, N25,

E, 43 FAE o g
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Table 2. Electron microprobe analyses and structural formulae for diaspores, tourmalines, svanbergites and wavellites.

Sample Diaspore Tourmaline Svanbergite Wavellite
No. *N23(5) N23(2) 89-1-394)  90-3-103(3) N23(5)
SiO, 0.24 SiO; 36.93 SiO, 0.00 0.00 Sio 0.17
TiO, 0.14 TiO, 0.07 AlLO3 33.14 33.10 TiO: 0.00
AlLO3 84.25 AlLO3 33.21 FeO 0.01 0.01 AlLO3 3522

**FeO 0.16 FeO 8.69 MnO 0.02 0.00 FeO 0.01
MnO 0.00 MnO 0.06 CaO 0.37 0.35 MnO 0.01
MgO 0.00 MgO 4.04 SrO 2142 21.26 MgO 0.00
Ca0 0.00 Ca0 0.05 K0 0.01 0.02 Ca0 0.06
Na,O 0.00 Na,O 1.51 SOs 16.23 1237 Na,0 0.10
K,0 0.00 K0 0.00 P05 17.11 20.72 K0 0.12

SOs 0.05
P,0s 41.77

Total 84.78 85.03 88.31 87.83 7151

Oxygen 3 245 11 9.5
Si 0.013 Si 6.097 Si 0.000 0.000 Si 0.011
Al 1.989 Al 6.000 Al 2979 3.002 Al 2615
Ti 0.006 AI(VD) 0.560 Fe 0.000 0.000 Ti 0.000
Fe 0.007 Ti 0.008 Mn 0.002 0.000 Fe 0.001
Mn 0.000 Fe 1.200 Ca 0.030 0.029 Mn 0.001
Mg 0.000 Mn 0.008 Sr 0.948 0.949 Mg 0.000
Ca 0.000 Mg 0.993 K 0.001 0.002 Ca 0.004
Na 0.000 Ca 0.009 S 0.929 0.712 Na 0.012
K 0.000 Na 0482 P 1.105 1.352 K 0.010

K 0.000 S 0.002
P 2213
*Average composition. Number in parenthesis indicates number of discrete analyses. ** Fe total as FeO.
Prp Dia
Dia Dia
Dia Pyr 4

/.\u N0

N17

4 N12

7.0

35.0 40.0 £.0

28 (CuKa)

Fig.2. X-ray diffraction patterns (CuKe radiation) of representative nodules. Sample N10 and N17 are diaspore nodules
and N12 is pyrophyllite nodule. Abbreviation: Dia; diaspore, Ka; kaolinite, Prp; pyrophyllite, Qz; quartz, and Pry; pyrite.
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Table 3. Chemical composition of nodules and of altered rocks.

Sample Diaspore Nodule Pyrophyllite Nodule Altered Rocks

No. N17 N21 Average N4 N13 Average CZ(14* SZ(6) PZ(10)
Si0, 22.79 1271 17.75 56.48 56.21 56.35 59.77 59.74 61.51
TiO, 1.39 0.39 0.89 0.63 0.21 0.42 0.81 1.14 0.94
ALOs 56.91 66.25 61.58 31.56 3262 3209 16.62 2237 2430
Fe O3** 140 261 201 0.61 043 0.52 8.30 538 3.50
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.02 0.00
MgO 0.01 0.05 0.03 0.04 0.01 0.03 1.83 0.53 0.04
Ca0 0.02 0.01 0.02 0.01 0.01 0.01 3.62 0.86 0.16
Na,0 0.01 0.02 0.02 1.03 0.54 0.79 254 043 0.19
K0 0.00 0.00 0.00 0.04 0.01 0.03 215 2.09 0.13
P,0s 0.05 0.36 0.21 0.19 0.34 0.27 027 0.26 0.28
Ig.Loss 17.64 18.01 17.83 8.96 9.44 9.20 5.33 823 836
Total 100.22 10041 100.32 99.55 99.82 99.69 101.35 101.04 9941

*Average composition, and number in parenthesis indicates number of discrete analyses. **Fe as total Fe,0s. Abbrevia-
tion: CZ; Chlorite Zone, SZ; Sericite Zone, PZ; Pyrophyllite Zone, PN; Pyrophyllite Nodule, and DN; Diaspore Nodule.
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Fig.3. Sketch of polished section of diaspore nodule N6 and photomicrographs of the marked portion as shown in
the left side. A; The central part of diaspore nodule. The coarse-grained platy diaspore is developed within the fine-
grained kaolinite aggregates with wavellite and pyrite which are secondary minerals. B; Diffused band appears as a
black massive halo consisting of disseminated medium-size grained diaspores. C; The marginal part of diaspore nodule
shows fine-grained diaspore, kaolinite, pyrophyllite, tourmaline and pyrite. Abbreviation: Dia; diaspore, Kao; kaolinite,
Pyr; pyrite, Wav; wavellite, Tour; tourmaline, and Prp; pyrophyllite.
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Fig. 4. Variations of average composition of alteration zone
and nodules in the Milyang pyrophyllite deposit. SiO»,
ALO;, and IgLoss is subjected to scales in left side and
MgO, KO in right side, respectively.
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Fig. 5. Schematic isobaric, isothermal px_ - t,0 diagram
illustrating mineral equilibria in the system K,0-SiO,-Al,
03-H;0, modified from Burt (1976). Heavy lines indicate
mineral stabilities in eqilibrium with quartz. Light lines
define mineral stabilities for which the activity of SiO,
is less than unity. Dotted lines represent paths through
various stages in the evolution of the hydrothermal fluid,
corresponding to mineral assemblages observed in the
Milyang pyrophyllite deposit. Abbreviation: A; Andalusite,
D; Diaspore, Ka;Kaolinite, M; Muscovite, P; Prophyllite,
and Q; Quartz.
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