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ABSTRACT : Clayey ores of the Jeonnam province mainly consist of pyrophyllite (monoclinic),
kaolinite (1T), and minor amounts of quartz, muscovite, and feldspars. Mineralogical studies revealed
that two kinds of clay minerals were mainly produced from the volcanic sediments with similar ages
and compositions. Kaolinite deposits sometimes contain neither diaspore nor corundum, but alunites are
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often found in the upper portions of the kaolin ore bodies. On the other hand, corundum and diaspore
are commoner in the pyrophyllite deposits than the kaolin deposits. As ages of rock formations are
becoming younger, amounts of pyrophyllite and kaolinite are rather radically decreased, and finally
disappeared. But muscovite, quartz, and plagioclase feldspars are inclined to be preserved because of
weak alteration. Most of clay ore bodies contain purple tuff beds on the uppermost portion, and
silicified beds, tuff, and lapillistone are found in an ascending order in the most of clay quarries.
Chemical analyses show that higher contents of AlO; might not necessarily be due to the argillization,
since some tuffs contain higher Al,O; contents originated from feldspars. SiO» contents are fairly higher
in the silicified beds than in those of adjacent formations, which might have been introduced from the
ore bodies. And K,O contents are obviously lower than those of Na,O and CaO in the ores and their
vicinities. Ignition losses of some of clays represent much higher contents than those of the ordinary
ones because of the sporadic presence of alunite, diaspore and corundum which are accompanied with
lots of SO; and AlOs contents. REE (rare earth element) abundances of most of volcanics and clay
ores show rather higher LREE (light rare earth elements) contents, and represent small to moderately
negative Eu anomalies. Though most of ores ususally show milky white color, fine-grained and well
bedded formations which could be easily discernible in the most of outcrop. But more distinct
characteristics are desirable where rather massive ore bodies exist. Purple tuffs and silicified beds above
the ore bodies would be useful as marker horizons/key beds since they have rather obvious lithology,
extension and mineralogy than those of other adjacent formations.

Key words : pyrophyllite, kaolinite, corundum, diaspore, alunite, ignition loss
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Fig. 1. Location map of the study area. 1=Dado
mine, 2=0Ogchool mine at Gasado, 3= Seongsan
mine, 4 =Gusi mine, 5=Mingyung mine at Nowhado
(revised from Yoo et al., 2009).
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Table 1. Geology of several pyrophyllite/kaolinite deposits in the Jeonnam clayey deposits. Stratigraphy was
simply classified in the viewpoint of lithology from the main outcrops of the Seongsan and Mingyung mines.
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Fig. 2. One of quarries of the Mingyung mine in the Nowhado. Pyrophyllite formation with purple beds, sili-
cified formation, and lapilli tuff formation from the bottom to the surface. Ogchool and Seongsan deposits
also show kaolinite formations with purple tuffs in the lowermost part of the Hwangsan tuff formation (Yoo

et al., 2009).
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Fig. 3. X-ray powder diffraction patterns (Cu Kea radiation) of (A) clay ores (1
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=Ogchool kaolin, 2=

Seongsan kaolin, 3 =Dado pyrophyllite, 4 = Mingyung pyrophyllite, 5= Gusi pyrophyllite) and (B) their re-
lated rocks in the Jeonnam clay province (Yoo ef al., 2009). KEY. P = pyrophyllite, Q = quartz, K =kaolinite,
D = diaspore, C = corundum, M =micas, PI-f= plagioclases.
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Lithic tuff
Fine tuff
Up. silici. Tephra layer (?)
fm. Silicified bed
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Clay fm. |Kaolinite ore and/or | Ka. |

Pyrophyllite ore Py.

Fig. 4. A generalized mineral paragenesis of major formations in the Jeonnam pyrophyllite/kaolinite province.

Younger formations are arranged in an ascending order. Dot means the sporadical presence of each mineral.
KEY. Up = upper, Lo =lower, Silici =silicified, fm = formation, Py/Pyo = pyrophyllite, Ka/Kao = kaolinite, Seri
= sericite, Qtz=quartz, Feld = feldspars, Alu=alunite, Coru= corundum, Dia = diaspore, I-M = illite-mont-
morillonite interstratified mineral (revised from Yoo et al., 2009).
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Table 2. Chemical compositions (oxides, Wt.%) of clay ores and their adjacent rocks, Haenam

Sample  SiO; ALO;  Fe)0; CaO MgO K:0O  NaO TiO, MnO  P,Os Ig. loss Total Descripion
1-1 78.13  16.31 0.48 0.08 0.15 0.33 0.05 0091 0.01 0.09 3.24 99.78 Mp
1-2 66.49  26.69 0.45 0.12 0.15 0.05 0.11 048  0.01 0.08 5.09 99.72 Mp
1-3 53.38  37.56 0.21 0.12 0.16 0.02 0.15 067 0.0l 0.15 7.24 99.67 Mp
1-4 65.75 2749 0.28 0.09 0.13 0.05 0.16 042 0.01 0.06 5.28 99.71 Mp
1-5 79.85 1595 0.33 0.05 0.12 0.06  0.03 027 0.01 0.06 3.16 99.89 Gp
1-6 7450  18.51 2.60 0.05 0.13 0.14  0.03 024 0.01 0.07 3.71 99.99 Gp
1-7 55.30  32.15 0.14 0.04 0.15 0.3 0.01 024  0.01 0.15 11.75 99.98 Sk
1-8 75.61 17.29 0.10 0.03 0.13 0.03 0.01 0.18  0.01 0.06 6.41 99.87 Sk
1-9 73.73  13.38 1.41 0.11 0.44 7.91 0.89 020 0.07 0.03 1.80 99.97 Ok
1-10  40.83  35.72 8.75 0.04 0.17 0.03 0.01 0.86  0.01 0.14 1343 99.99 Ok
1-11 60.74  26.72 1.87 0.04 0.15 0.05 0.01 052 0.01 0.07 9.81 99.99 Ok
1-12 7466  17.68 0.12 0.04 0.13 0.06  0.01 037  0.01 0.11 6.44 99.63 Ok
1-13 3639 3597 0.10 0.02 0.15 242 055 034 001 0.11  23.93 99.99 Ok
1-14  76.87  17.58 0.48 0.06 0.03 0.12  0.15 045 0.01 0.08 4.02 99.85 Dp
1-15  64.08 27.77 0.55 0.06 0.04 002 0.19 0.51 0.01 0.14 6.80 100.17 Dp
1-16 6040  26.19 3.39 0.26 0.34 3.15 025 071 0.01 0.05 4.81 99.56 Mpu
1-17  70.81 14.07 2.63 1.62 1.31 438 223 044  0.05 0.05 2.30 99.89 Tpu
1-18 7429 1437 1.84 0.61 0.61 1.93 3.67 023  0.05 0.04 2.10 99.74 Mt
1-19  66.68  21.77 0.84 0.14 0.33 5.43 0.09 0.68  0.01 0.03 3.76 99.717 Mt
1-20 5556  29.75 1.34 0.21 0.29 6.27 0.18 085 0.01 0.08 5.10 99.63 Mtl
1-21 56.19  30.52 2.32 0.15 0.24 312 020 1.01 0.01 0.07 5.86 99.69 Mtl
1-22 58.12 284l 0.74 0.32 0.23 3.83 0.01 042  0.01 0.02 7.48 99.59 St
1-23 7231 15.50 1.93 0.22 0.45 4.07 237 020 0.06 0.02 2.46 99.59 Stl
1-24 8228 14.12 0.18 0.04 0.12 0.05 0.03 021 0.01 0.06 2.89 99.99 Ot
1-25 6929 1948 1.53 0.07 0.45 5.13 0.06 0.57 0.01 0.03 3.36 99.98 Otl
1-26  82.14 11.40 0.47 0.07 0.17 279  0.02 050 0.01 0.03 2.15 99.74 Ms
1-27  81.75 11.16 3.11 0.08 0.30 0.20  0.01 0.40  0.01 0.03 2.77 99.82 Ms
1-28  88.06 7.67 0.33 0.05 0.18 .77 0.01 0.15  0.01 0.02 1.50 99.75 Os
129 8399  12.60 0.17 0.03 0.13 0.05 0.01 0.18  0.01 0.04 2.57 99.78 Gs
1-30  71.80 12.63 0.85 3.93 0.77 3.37 133 0.11 0.03 0.02 4.98 99.82 Ts
1-31 89.47 7.34 0.11 0.03 0.11 0.06  0.01 020  0.01 0.01 2.57 99.92 Ss

Sample description: 1. Clay ores; Mp (Mingyung pyrophyllite), Gp (Gusi pyrophyllite), Sk (Seongsan kaolinite), Ok (Ogchool
kaolinite), Dp (Dado pyrophyllite). 2. Purple tuffs; Mpu (Mingyung purple tuff), Tpu (surrounding purple tuff). 3. Tuffs; Mt
(Mingyung tuff), Mtl (Mingyung tephra layer), St (Seongsan tuff), Stl (Seongsan tephra layer), Ot (Ogchool tuff), Otl (Ogchool
tephra layer). 4. Silicified beds; Ms (Mingyung silicified bed), Gs (Gusi silicified bed), Ts (surrounding silicified bed), Ss

(Seongsan silicified bed).
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(£ 2 9 19 5). AEFA A FAFE SiO=
36.39~78.13 wt% = W35}ZFo] AARE 3=
81.75~89.47 wt%= AHFA O 7 5]'30] =& 7
olty, Heto 2R H3lof o3 FAE FA 3t
= 754 ¥ A& A12039]‘\_ gxzHog
stdl= HEZA sS4 88 & AHE Ro=
= 71K A D3] 5, 1990; Kim et al., 1994;
Fournier and Potter, 1982; Fournier, 1986). W&}
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23]

A T gl HGFEZ oA
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o €= "“ﬂ(Kim et al., 1994; 2149 %,
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11 7] Wi 945 T FRAE TS o)Fo| of
o] B T giFel 93t o]Fo= F
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Fig. 5. Variation diagrams of major elements for kaolinite/pyrophyllite ores (diamond), purple beds (triangle)
and upper tuff formations (square) in the study area.
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Table 3. Concentrations of rare earth element (ppm) of clay ores and their adjacent formations in the
Jeonnam clayey province

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Description

1-4 751 162 154 487 855 142 652 052 391 056 244 0.1 231 0.13 Mp
1-5 315 568 551 186 3.1 046 263 0.09 155 0.04 073 0.18 0.64 0.17 Gp
1-6 344 617 6.15 21.1 3.18 036 263 0.09 153 0.05 084 021 0.83 0.21 Gp
1-8 266 541 537 17.7 218 008 1.7 026 076 032 05 0.16 062 0.18 Sk
1-13 40 635 543 166 173 02 157 028 1.17 004 1 029 143 0.01 Gk
1-10 644 81.8 792 266 227 054 389 055 499 081 3.12 021 295 0.21 Opt
1-11 512 913 871 266 246 03 264 0.15 242 032 1.85 0.06 229 0.13 Opt
1-16 451 118 104 313 6.03 087 54 048 3.66 056 228 0.08 2.17 0.09 Mpt
1-17 46.1 87.6 922 337 557 1.1 528 056 443 0.65 258 0.12 253 0.14 Tpt
1-32 103 135 103 365 688 175 688 0.59 3.59 039 1.7 036 151 035 Spt
1-9 412 501 7.88 279 474 078 398 053 276 0.56 1.65 027 1.86 029 Ot
1-18 164 285 3.19 122 202 025 199 007 182 0.16 126 03 136 0.33 Mt
1-19 737 159 191 718 12 1.8 9.06 081 5.02 0.77 293 0.17 2.83 0.18 Mt
1-22 205 373 348 11.8 239 0.13 427 082 7.53 142 547 0.67 6.64 0.81 St
1-24 363 59.7 5.06 139 127 0.05 136 0.18 048 021 026 0.12 04 0.13 Gt
1-30 17.1 352 355 129 257 0.12 257 022 2.64 028 147 035 154 0.33 Tt

Sample description: 1. Clayey ores; Mp (Mingyung pyrophyllite), Sk (Seongsan kaolinite), Gk (Gasa kaolinite), Gp (Gusi
pyrophyllite). 2. Purple ores/tuffs; Mpt (Mingyung purple tuff), Spt (Seongsan purple tuff), Opt (Ogchool purple tuff), Tpt
(surrounding purple tuff). 3. Tuffs; Mt (Mingyung tuff), St (Seongsan tuff), Ot (Ogchool tuff), Tt (surrounding tuff), Gt
(Gusi tuff).

0.11~1.31 wt%)°lA%, K,0= HEZA(0.01 ~ o] 38.6%°]7] w& OlD} 3, =35 g4
0.56 wWt%)7} FHEF(0.03~7.91 wi%)Eot AR E7FFo| oJEAHT FL 7.24 wi%d A& —‘%
stol HESlo] mE &8 FAHE A% o] HoE xJEe A ZH 15%9] tho]oj~x
E W7HY 9 WHHE 57 F43AS o ZdEn. Adtge AEJER é%k{%
IFEFAANAM Z zol7} gle Holth, HEFZA  o]§F AEE F=Fo wet Ao|7t glom, ~
o] ARgeFL 1o~2 60 Wt%ZA FHUAF0.05 EIEFY ERIYZYOEE 7;&‘%01 20 Wt%©]
~8.75 wt%)H T} Lo 7o opz Z4EJ421]§ Al v O ge FE FEMH0® o, 0.9

Y
° 12 2 off {y &

AAFG7] wWiEoln, dAF HEGE ¥ Ao] S0, TAE F-Hrh(Hurlbut and Klein, 1977).

g Ro|Z etk a8y, 45 A Ao 4 A HEFA L FHUFE F33 JEFIL &
A HAESY $IYFE =2 FEFFS Ui e O 22 E4L /KT BE WF(E}E
Ak, 1 oure] FAELARE HEFA G & o] FAL BAS A XINEAA HIEF

7b QleER o] fAAYS ST HE  FEEA R3] JoH, FIERE W*OE
FA ol Zd 7K (ignition loss)S 3.16~23.93 wit%  $9HelA] AREH Y Lus H3EHE EAL HIY
A WslEo] an, YA I IHEFAI da A (E 3 E IF 6). Bu Folde ta “aﬂf& o

39
o] Uehlle AL o239 1B E 5 49 ¢ 1HE 4
T&Fol 471 14.08 5.0 wt%el7] W&ot 1 ~0.78, S3% 012~o 54 TOE fREo] H
Pk MR B9 U3 ARSE 2393 w53 Helge Helth A9 RE Auold YEF
Bt A Lv%ﬁé%%ol HHkA s0719 AE 9 AN HELILY] BIER FFl RER(E

A:0.12~0.56, 24133 0.36

fmimm;
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Fig. 6. Chondrite-normalized REE patterns of kaolinite/pyrophyllite ores (solid square), purple beds (solid circle) and up-
per tuff formations (open circle) from the study area. KEY A =Mingyung mine, B =0Ogchool mine, C=Seongsan mine,
and D= Gusi mine. Samples from the Dado mine was not analyzed for REEs.
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