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A Study on the Genesis and Distribution of High
Refractory Ore Minerals in Jeonnam

Province, Korea

Hong Bong Park - Sook Moon Kwon - Bae Young Park - Sang Eun Sin

Abstract: Several mines in Jeonnam produce the ores of having high SK numbser of refractoriness. Among
those for 5 mines, this paper deals with the relationahip between SK number and mineral composition of
the ore, and with the genesis of the deposits.

1. Byok-Song and Chon-Un Mine: Mineral compositions of the ores are chiastolite, chloritoid(mono-
clinic), kaolinite, sericite, diaspore, corundum, and quartz. The ores having SK number of 36 or 37, consist
chiefly of chiastolite and diaspore and a little amount of kaolinite, sericite, corundum, chloritoid, and
quartz. The ores having SK number of 33 or 34 consist of chloritoid, sericite, kaolinite, chiastolite, and
diaspore. With increasing the amount of chloritoid and sericite, and decreasing the amount of diaspore
and chiastolite, the SK number of the ores decreases.

The deposit, originally high alumina-bearing shale of Chon-Un San formation, seems to be formed by
contact metamorphism(forming of chiastolite), regional metamorphism(forming of monoclinic chloritoid),
and hydrothermal replacement(forming of large crystal of diaspore veinlets).

2. Song-Sauk Mine: Mineral compositions of the ores are chiefly pyrophyllite and quartz and a little
amount of kaolinite, dickite, diaspore, and pyrite. Many spherical inclusions containing in pyrophyllite
deposits, consist chiefly of diaspore and kaolinite, The inclusions have the high SK number of 38. Amount
of spherical inclusions is about 5% to the whole pyrophyllite ores. The SK number of other pyrophyllite
ore is less than 32. Quartz and pyrite are chief minerals lowering the SK number of the ore.

The deposits have been formed by hydrothermal processes by replacing the siliceous tuff of Mesozoic
age. Spherical inclusions consisting of diaspore and kaolinite, show the selective replacement of hydrother-
mal solutions to the materials of feldspar in tuff.

3. Seung-San Mine: Mineral compositions of the ores are chiefly kaolinite, dickite, diaspore, and quartz.
But some part of the mine consists of alunite deposits. The ores having SK number of 35 or higher consist
chiefly of kaolinite and diaspore and a little amount of quartz. With increasing the amount of quartz and
decresing the amount of diaspore, the SK number of the ore decreases.

The deposits have been formed by hydrothermal processes by replacing the siliceous tuff and quartz
porphyry. ’

4. Wan-Do Mine: Mineral compositions of the ores are chiefly pyrophyllite and quartz. But some ore
contains a little amount of diaspore, kaolinite, pyrite, and chloritoid. The ores having high SK number of
36 consist chiefly of diaspore and pyrophyllite. Pyrophyllite ore has a SK number of 32 or lower. Amount
of quartz and pyrite decreases the SK number of ores in this mine.

Rhyolite was replaced by the action of hydrothermal solutions forming the pyrophyllite deposits.
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Table.1 Theoretical chemical composition and SK number of the minerals.
Chemical Composition (%)
Minerals Chemical formula SK.
Al,O3 SiO; K0 FeO H,0

Chiastolite(andalusite) |Al,O; - SiO, 62.9 37.1 38
Kaolinite, dickite AlOs - 2Si0; - 2H,0 39.5 46.5 14.0 35
Diaspore A]203 . Hzo 85.0 150 42
Corundum AlO3 100 42
pyrophyllite AlzOs - 4Si0; - H20 28.3 66.7 5.0 32
Muscovite Ky 310 - 6510 359 45.2 11.8 7.1 30

.o FeO - Al - SiQ; -
Chicritoid B0 0 - Si02 405 | 238 285 72 | 28LF

3% Chloritoid ©] {kE2s%e nE
FeO-Al;05-8i0;-H,0 2 FoRabA ak Fe?* s]4] Mg, Mn?*o] fRfsle] glown = Al Al Fedto] #F KFde 9=

A e AL rAAA Frea,

(Fe*", Mg, Mn), (Al, Fe*) AlO, (SiOp, (OH); = 3Rz, Mg-rich variety 2
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Fig.2 Geological map of Byok-song Mine area
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Table 2. Mineral and chemical composition and SK number

of the ores in Byok-Song and Chon-Un mines.

Chemical
Composition
Sﬁumrﬂ)eer mineral composition (%) SK
SiO. Alz F62
2 03 03
Chiastolite, Kaolimite
B-3 Sericite, Diaspore 43.1142.9{0.71} 36
B-12-1 | almost chiastolite 39.9,60.2/0.85; 37+
Chiastolite, Chloritoid, .
B-12-2 | Kaolinite, Sericite, 31.2(57.2]2.95| 37~
Diaspore
Diaspore, Kaolinite I
B-12-3 Corundum, Chloritoid 38.6/51.6/2.50|-37
Chiastolite, Chloritoid,
B-15 Kaolinite, Sericite, 34.9/43.9/6.50; 36
Diaspore
Chiastolite, Kaohnite
B-16 Sericite, Diaspore, Quartz 40.7/48.7/0.81] 36
Chiastolite, Kaolinite
B-19 Sericite, Diaspore, Quartz 46.0,40.3,0.81} 36
Chiastolite, Kaolinite
B-20 Sericite, Diaspore, Quartz 47.5/38.9/0.95| 36
Chiastolite, Diaspore
B-22 Chloritoid, Kaolinite, 43.3/40.0|1.14] 36+
Sericite
Ciastolite, Diaspore
B-23 Kaolinite, Sericite, Quartz] 44.1/41.3/0.76| 36*
Chloritoid, Kaolinite,
B-7 Sericite Chiastolite,|33.9{47.4/9.80| 34
Diaspore, Quartz
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Fig.6 X-ray powder diffraction pattern (B-12-1) An: andalusite (chiastolite),
K:kaolinite, M: muscovite (sericite)

H i REE A o),
it JCBE 37-91 B-12-2 30%49) Xoray [ElF B Fig. 83F
2t o] X-ray i@l A £ d 7t 5.57, 4.55,3.95,

'3.53, 3.50, 2.77, 2.48 2.47 2.38, 2.35, 2.27, 2.26, 2.17T A

oA mEFEH peak 7b, d 7k 4.47, 2.96,2.77, 2.489
2.367, 1.581 A ol 4] EBpIE 7S] chloritoid #:#: peak 7}
d 3} 4.47,3.95, 2.56, 238 A 4] E9ZE[S] 4 peak
7}, d 3k 7.18, 3.58, 2.565, 2.386, 1.494A <] A kaolinite
9] 45tk peak 7} vleldth Ml diaspore o] peak 7}
dgk 471, 399, 2.386A o] A VEhdm, HE, WE

WS F peak who] £4& d 3t 3.343, 2.09, 3.084 o
A vebdeh WEKE 3791 mahe] B-12-3 3kt X-
ray [alfrfl= Fig.9 ¢} 2}, o] X-ray [EHE)A 2
W d gt 4.71,3.99 2.558, 2.317, 2.131 A o] 4] diaspore
o) #tk peak 7}, d 3k 7.18, 3.58,2.56,1.432, 1.375 A
of A1 kaolinite ©] 4%¥: peak 7}, d gt 2.552, 2.379,
2.09, 1.60A o 4} $HES] 45 peak 7}, d 3t 4.47, 2.963
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Fig.8 X-ray powder diffraction pattern (B-12-2)
An: andalusite (chiastolite) D: diaspore

K: kaolinite Al: corundum
Ct: chloritoid Q: quartz
M: muscovite (sericite) P: pyrophyllite

Fig.§ X-ray powder diffraction patter;i i (B-12-3)

D: diaspore Al: corundum
Ct: chloritoid Q: quartz

K: Kaolinite P:

pyrophvllite
& .

Fig.10-1 Large diaspore crystals (B-12-3) —Nicol, 4X8 Fig.10-2 Chloritoid replaéed by diaspore remaminé black
iron materials —nicol, 4X8
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Fig.11 X-ray powder diffraction pattern (B-7)
Ct: chloritoid M: muscovite (sericite)
K: kaolinite An: andalusite (chiastorite)
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Fig.12-3 altered chloritoid
black: altered chloritoid
white: sericite (—nicol), 4X8
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AR REFUAA e #AEY ZHpe
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Fig.12-1 chloritoid crystals (—nicol), 4X8
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Fig.13 X-ray powder diffraction pattern (E-9)
D: diaspore K: Kaolinite Al: Corundum
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Fig.14 Diaspore crytals (lath-shaped) (—Nical) 4x8
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Table.3 Mineral and chemical composition
and SK value of the ore

Chemical
Composition( %)

no. Composition| Si0; | ALO; | Fes05

Sample Mineral

SK

Kaolinite
dickite,diaspore]

Qdantz, Kao-
5-13 linite, dickite

S-10-1 46.43) 39.63| 0.20 36

62.18| 23.56; 2.20 30

fif kB2 SK 36 91 S-10-1 BRHRASY X-ray EHFEE
Fig.15 o} ze}, X-ray E#7iol A £ d 3t 7.18, 4.48,
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o) ek peak 7+ d 7k 3.799, 3.58, 2.51, 1.489 A o] 4
dickite & 454k peak 7} d gk 3.99, 2.56, 2.39, 2.317 Ad]
#] diaspore o] ##%k peak s} Y} Qlo}h, WKkES b
% g2 SK30¢ #H2 A3, Kaolinite = o] 204
s pe dickite 71 4550 itk

0-7. BlUAEFLEES ERERER



ANRIR, - BERRC - AMEEEE - ER 99

Fig.15 X-ray powder diffraction pattern (8-10-1)

K: Kaolinite Di: dickite D: diaspore Q: quartz

R AgLe BHEEES == Kaolinite, HH
o2 o] ZolAgz A& dickite, diaspore, EHiHH S0l
450 itk Tyl Kaolinite o] 7] = Eof fiHKEE
SK = 35 LT 2k ZEAel nEoldh WAE SK
35 01 k" A& Kaolinite 440 diaspore 7} &7H5 o 3
£ ASolz, WkE SK7 35 FR THste A
el eFRd ®AA kEDS AR &4l
&4% SKEE RobArt )

G Egld QoA SR TR SKiit dia-
spore & 5B wE kRS, HERESEEC ==
FgstA Ao =3 BgRe] aFdE ASE W
KEE TR "k SRS BukEERIERC K
A 7] diaspore, BIERSY FpLRoz Bob B
R 2 REHEETY BREC BKZfE BRA
Aoz 7FEH,

E-8. SEESILEEC BERER
LRSS BEHS Eelth A ahse 3l
gi4p-e pyrophyllite 7} Eel= %o FEE &F
itk AIES gFECE Bt B mEKEEST
#ES e =83 2% SK32 HTY #e 7
ol W}, WHAEE SK 36~ < $imd Mg &
# ThE AR SupER, BES 2 mKE
SK % #FRshd Table 4 9} 7w},

EESILS SRS 2 BMAY AELE o] FolH
A" F 35} o] Fof webA] diaspore, kaclinite,
corundum, chioritoid, pyrite 59 #%< 4532 9

ul
s

L R
Lo o

Table.4 Mineral and chemical composition and
SK number of the ores in Wan-Do Mine.

Chemical
Sarr;le Mineral Composition SK
No Composition | SiOp |Al;O5 |FeO3
(%) | (%) | (%)
Pyrophyllite _
N-6 diaspore, 56.92| 35.06f 0.15 36
Pyrophyilite
Kaolinite, _
N-3 Chloritoid 59.46 33.23] 0.53; 34
Corundum
Pyrophyllite
N4 quartz, 67.06] 26.92! 0.32] 32+
Corundum
Pyrophyllite
N--8 quartz, pyrite 67.23] 24.82| 2.45] 30
N-11 |Pyrophyllite quartz| 69.01] 25.82| 0.15 30+

=}, Wk SK 3674 $iRY] X-ray HifEE Fig.16 3
Z}, o] X-ray E#HENA B dgk 9.21, 458,
3.08, 2.55, 2.44, 1.848, 1.492 A o] A #47 (pyrophyllite)
o] ## peak 7}, d gk 4.71, 3.99, 2.56, 2.317, 2.131,
2.077, 1.633, 1.48 A o] A diaspore &) #5#4 peak 7} vhe}
el dwla3 ARl Fig 173k 2th Lath-shaped
diaspore %3 DulE-S BHEE HAELE o] FoA
gk,
-9 BFUREC BERRER

zmEglo A gEY MAE SKES Ests B
= WAEHERC &7% diaspore, #iE, A, FHEHY
SHBolth Milks W (pyrophyllite)e] fifkEE SKIE
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Fig.16 X-ray powder diffraction pattern (N-6)
P: pyrophylite D: diaspore M: muscorite (sericite)

Fig.17 Diaspore crystals (lath-shaped) (—Nicol) 4x8

7h 32408 olnn B e 2 FAEE WA
o diaspore =& %ol &A= Y=, LRI B,
WEFC) AFAAY =E 2FdA  gedh mkE
SKEZF 32 LIF7h H $ihS BAsel Bl =8 %
B &F o] ok th

SERSRILC] A KB SKAEE 3287 Eol& #ily
<& diaspore = fEol 2 MifAE SKEE 321 &
TAI = g HES} #HEgkol ok, Kaolinite & i}
KEE E°1% $ipels Chloritoid & WAKE (KT
ANNE el ATt 2 ek el Fx HiEd e ek

SRSl WMAERKS BKRIEAOR o] Higiol
ol iE Wkrhel ZfRF ol Fo] APk weol
Az = EHFS BEEERE e Ao2 45
st 2 BUKfERC] kel A ol FolAE MR

FHpol s, Stress P BiEol & H&ARY
Chioritoid, 8]z gRES] £Hf= e 7] = Folct.
WA AR Ky 2 diaspore £5 4 (0.5mmAREE)
HRE BORZEEAC] &alA ol F4F e AL
el ok,

V. % &

V-1 BB L XEEN

L §ims o) R $ihS AR (R&A) kaolinite,
#HEHR}, diaspore, chloritoid, $iE, FHIES o),

2. GRS Rl kE SK i 37 B FEE 3300},
SRS FHKE SK e 3500, ihkE SKEE
BPker ERAANE S AEE(ERER), das
pore, fiEolx, 35LITFE FTHAIE £4me chlori-
toid, #5ZERE, H3tolch #53] chloritoid & &% Rl
KB SKAHA & gme Fof

3. BRRS REWES A digol Bl (5
B, BESRERIEA, (chloritoid JUEL), #Hukasfife
Hi (diaspore FER) o) kel 4] o] Fo}x] Aoz 7HFH o)
kB SK A 35 Ll b= ghKe) #upiEe] ki 250
HBiton o & HEFW 2O, 37 bl kY A% 44 # ton o
2 g,

V-2. @A

I JRES #mam- F2 A (pyrophyliite)9} T
ol=}, HAh kaolinite, dickite diaspore, TR &8
el gl

2. EY REmikE SKfE: 3894 AL x=
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diaspore 9} kaolinite & o] &o]F 3, HRIRoZ WAA
of &%= vt EE WRES RAKE SKHE 3210
Tolth SKEE ETA = $pd F3E HBHE
o

3. BRE WA diaspore 7t Y AR Mok #
KZRIEHA KA BIKES REEDEC 25K
EE Aoz el MAE SK 380)H = gime
RIS £ 5000 Fdrh

V-3. Bliasasl

1. B5-HBEHEAS ke 2 kaolinite, dickite,
diaspore, o] o},

2. EMKEE Ze A SK{EE 3699 =
kaolinite, diaspore,o] 32 8¢ HiLo] 4= U}
TREAS MAKE SKIHE 34778 & Zedh W
KEE SKEISLUTE TRANE S AE ER
& g rolth
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V-4. EB&W

1. BiRe SRS =2 WMad fmikels, Xd
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=,

2. BAKEE e A WAE SK{E 36736
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