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Mineralogy and Genesis of the Pyoungan and Daeheung Talc Deposits
in Ultramafic Rocks, the Yoogoo Area

Sang Pil Yun*, Hi-Soo Moon* and Yungoo Song*

ABSTRACT: The Daehung and Pyeongan talc mines are located in the Yoogoo area, Chungcheongnam-Do. These
deposits occur as the complex vein type in the ultramafic rocks which intruded Precambrian gneiss. The talc
ore formed from sepentinite originated from ultramafic rocks but some of those from hornblende gneiss. The
talcification processes were considered here on the basis of the mineral assemblages, paragenesis, and geochemistry.
It appears that there are five processes in talcification ; serpentine—talc, phlogopite—chlorite—talc, phlogopite—talc,
homblende—chlorite—>talc, and hornblende—talc. Among them, the most dominant alteration path is serpentine
to talc in these deposits. EPMA data suggest that there might be interstratified minerals were in between parent
mineral and talc such as serpentine and talc, and phlogopite and talc. It can be found that tremolite exists in
between the inner and outer most part of talcified serpentinite blocks coated with phlogopite. Some of tremolites
has been altered to talc. The quartz veins and carbonate minerals were found in the talc ore zone. It indicates
that the hydrothermal solution played an important role in talcification. The hydrothermal alteration occured afier
sepentinization. Ore zones can be divided into two zones; talc-serpentine zone preserving a pseudormorph of
olivine (mesh texture) and talc-phlogopite zone showing talcification from phlogopite directly or through chlorite.
It can be concluded that the formation of major talc ore body was due to talcification of serpentinite and phlogopite
by hydrothermal solution. A nature of hydrothermal solution was relatively pure water at the beginning of serpenti-
nization, and was getting richer in silica composition. There was a large amount influx of K and Al with hydrother-
mal solution in the later stage, and increased Pco, also. It suggests that phlogopite formed in later stages as
a secondary mineral. So, the major part of the talc ore body was formed from one parents rocks, serpentinite
originated from ultramafic rocks, by hydrothermal solutions at several times.
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Fig. 1. Geological map of the Yoogoo area.
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Fig. 3. Photographs of brecciated talc-rich ore zone near the microfault zone (A) and concentrated phlogopite among
the talcified serpentinite blocks (B) at the quarry face in the Daehung talc mine,
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Fig. 4. Simplified map showing the location of drilling sites (A) and columnar section showing the lithology and sampling
horizone at DHC4 drilled hole (B) in the Daehung mine.

WAz FEnlolEr} b A shel vk Aol e
F2 AR S5 shrtolol 4 4~5 mm 271 5w
AR wo) Ve wha, W H e BA Aol
Asl 9 AR vekde

24

o Fe7} 5% W& 2 =3t 719} o] A9l (Mg
Fe?* 30 Sis01(OH),] & Belch AAA Rl digt 3} &
A3} 2ked 7+eF (ignition loss)-S & &F ulell 93l 5.95~
8.07%9] FeAag Balch 49 o)Akl Fof ghakel
5%k vlua & o, 238 Fztae HAAEY 74
BEo] &4 o]9lellE AFEAM I Fi o] Ao g 4o

7] g Aol

gAel shatzAdatel EAn ToltES oolir] 9
3}ed Velde's diagram (1985)ell thix el &4 A 89

1 v

AAEe) Ry Asks w2 Kok (Fig5). 1 2% &
F3 Eaopo)E 7o) &4 4og<l D 4 (FIe

24, 1988)3K= tha FAHE Bl 4 Lo} 2 7]4lo]
Fde 2% 4 sleh =1, Aulgaela AHRA-BA-
Exojolg, $HARAY 2

o

7
o
w

EASE AL ¢ 5
volt 379 AR 719 (5%), F2E 7]
434 719 (HRS) FH5) I F4-5
Ast2a, S¥e Mgk PYe Kol 1elw
g oz $AsA ek, o
CEERER LIS FEERE
49l FEAL oflsh ek

Al

A=

=}

|

o

S type - (Mgz.MFe%0,10A10111Nium) Si;016(0OH),
P type - Mgz 7Fe** o 17ALy0:Nipa) SizO1o(OH),
H type - (Mgz.ﬁs»Fez*0.26A10,02Nium) Si,015(OH),

Ze} Pyl Kol 0.02 xR Jehjed ole 24

Favjel G A2 17 o, o)F Ut Afelo]
FE K o]0l & HEHOR AFY FHE

Al
A

FogiE 7ldse AeR A geby T2

1= A

o4
2 ohs] $ished XAl
61 84 A9 94
B4 ool R4,
o 7 hehtz glet

alt e
" X g
fEmEs

29



29714 7199 B 2

WA YU e

135

Table 1. Electron microprobe and chemical analyses and structural formulae for representative talcs.

Sample Sample Purified samples
Name C47  C410 C411 C412 C420 C421 PY37-1 PY-) Name  P37-TaF P37-CoF DH-TaF
SiO, 6064 6156 6197 6172 6222 6147 6027 6178 SiO, 60.70 55.33 59.70
TiO, 0.02 0.01 0.03 0.04 0.00 0.01 0.00 0.00 TiO, 0.01 0.01 0.01
Cr;0; 0.03 0.04 0.01 0.02 0.06 0.05 0.03 0.02 Al,04 0.18 0.96 0.99
Al,O5 0.56 0.29 0.07 0.13 027 022 0.02 0.08 Fe,0; 0.57 2.9 0.79
FeO* 348 269 201 171 253 473 3.31 3.08 FeO 272 2.69 3.72
MnO 0.09 0.02 0.01 0.01 0.01 0.07 0.00 0.00 MnO 0.03 0.06 0.04
MgO 2788 2902 2945 2934 2927 2767 2702 2870 MgO 28.83 30.09 28.61
NiO 0.18 0.27 0.18 0.24 0.21 0.07 0.12 0.23 Ca0 0.69 0.23 042
Ca0 0.06 0.02 0.01 0.03 0.05 0.07 0.01 0.06 Na,0O 0.02 0.02 0.02
Na,0 0.03 0.05 0.04 0.06 0.06 0.06 0.05 0.04 K0 0.01 0.01 0.01
KO 0.01 0.00 0.01 0.01 0.01 0.06 0.01 0.00 P,0s 0.03 0.03 0.03
Ig.Loss 6.06 8.07 595
Total 9299 9396 9380 9331 9468 9448 90.84  94.00 Total 99.85 10049 100.29
Number of ions of the basis of 0(22)

Si 7982 7990 8023 8025 8004 8007 809 8025 Si 7.926 7457 7.800
AllV) 0018 0010 0000 0000 0000 0000 0000 0000 Al 0.028 0.152 0.152
Al(V) 0069 0034 0010 0020 0040 0034 0003 0012 Al 0.000 0.000 0.000
Ti 0.002 0001 0003 0004 0000 0001 0000 0.000 Ti 0.001 0.001 0.001
Cr 0003 0004 0001 0002 0006 0005 0003 0.002 Fe3! 0.056 0.303 0.078
Fe 0.383 0292 0218 0.8 0272 0515 0372 0335 Fe?* 0.297 0.303 0,406
Mn 0010 0002 0001 0002 0001 0007 0000 0.000 Mn 0.003 0.007 0.004
Mg 5470 5615 5684 5686 5613 5373 5409 5557 Mg 5.612 6.045 5572
Ni 0019 0028 0019 0026 0021 0007 0013 0024 Ca 0.097 0.033 0.059

5957 5976 5937 5924 5955 5943 5800 5930 Na 0.005 0.005 0.005

K 0.002 0.002 0.002

Ca 0.008 0002 0002 0004 0006 0010 0001 0008 P 0.003 0.003 0.003
Na 0.008 0.013 0011 0014 0014 0016 0013 0010
K 0002 0001 0001 0002 0002 0010 0002 0.001

0019 0015 0014 0020 0022 0036 0016 0018
FeO*; All iron reported as ferrous.
(Fig.6). o] A&% vlA¥22 B4 3, 994 o AL2A

A=l o, B4 9o 3] AHEA T Aape]
A 2 F27E FREd o] AgEe X-A 34
B4 A3 Ag Q) 934~9.4149) (001) WA} 467~
46849 (002) 3|44 222 311~3.124¢) (003) 3=
Aol 2 viehun, wlokatz|st (002), (020), (112), (004)9]
HAE vebdeh 2eu h+k=219] (112), (200), (040)
9 ;qz_g,m] iolxl St A% E oo, A 24

FEYE & 5 3k
sulag
AP Uehb F8 FUBEES AEH, 7}
MY, 22, UM, HUFEERA o)5 k)
$4 Ash 24l g ARE Table 29 ek

£ 99 AREA 38 27} ko] &o] Mg A Feol 23t
2] gho] thax glon} [(Mgs65Fe?*25)Si,05(0H), , ©] 4
getzd [MgSibOs(OH),J& ZA Hejurs oer)
(Table 2). o]o] ®othg F 74 Mg} Feo] 2w
of| 4 Fe7} 10% W9 & #}al8k= Mgo| E8& E*HE}
°]E (Forsterite) Ald 241 (X Auk, 7544, 1972; <o F
L1991 o]52 FE2 AR 2974 x}bﬁ*é e
FEPHA A 0 R AE] ARRSlo] HAIESIn) k2 A x|
340 AU hare] AAF ARk sl A
2okel FAFEQ A WAl d4F9 7MY (mesh
T BEHA Ay s)E
Zafete] & (lizardite)] HAA

ol

)5]

o o olr‘

I-

and hourglass texture)e] <
o Yehed, o&
z37)o]t} (Fig. 7A).

ol28 X-AHHEA Aol AHEAS] A al



136

2R’

—

NG .
90 95

Fig. 5. Talc compositions plotted in MR*2R’-3R? coordi-
nates using Velde’s diagram (1985). MR’ Na+K—2Ca,
2R% Al/2, 3R% (Mg+Fe-2")/3, D; zone of talcs originated
from dolomite, S; zone of talcs originated from serpen-
tine, P; zone of talcs originated from phlogopite, and H;
zone of talcs originated from hornblende.
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Fig. 6. X-ray diffraction patterns of representative ore sam-
ples (Ni-filtered, CuK radiation). Ta; talc, Chl; chlorite,
Phl; phlogopite, and Serp; serpentine.
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Fig. 7. Polarized photomlcmgraphs of serpentines showing typical mesh texture (C4-12) (A), coexisting serpentme and
tremolite (B), chlorite to talc (C), and tremolite and chlorite to talc (D). Scale bar indicates 1mm.
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Flg 9. Polanzed photomlcrographs of phlogoplte to talc (A), chromite surrounded by phlogoplte and phlogoplte fragments
in talc mass (B), tremolite to talc (C), and tremolite to chlorite to talc (D). Scale bar indicates 1 mm.
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Fig. 10. Plots on XFe vs. Si for chlorite analyses after
Hey (1954). I; corundophillite, II; pseudothuringite, III;
sheridanite, IV; ripidollite, V; chlinoclore, VI; pychochlo-
rite, VII; brunsvigite, VIII; pennite, IX; diabantite, and
X; talc-chlorite. Solid square; C4-6 and 7, open square;
C4-13, plus; C4-9, cross; C4-20, asterisk; C4-10, and solid
triangle; PY-37 and PY-.
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FAEE 7HE e, FEldde HRdE B o4
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Zetol x|spst
FAL Y ol
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gto] AREqH, M EF (A HE b 3 FER-
=UXo] chek 239 GM 2 Fafur} FEEY o] 59
Al AolAo) A Bt Ao FAAgE
MgO7} 21.15~35.98 wt.%9] %< §ekg Rolo, ALO,)
AtE TRy ol 2RE AR HuMe] piE 1B
(eF 10~13% )& A 98t ie oF 3~5%9) F& ek
HofEeh KO0 e 714l disia Ba3aale),
B ARAAE AR 01% °)3te] ¥ FFe Holy,
ALOsSt mi7 A B FE RS-0 B3l
tha FobA oF 1~4%9 ek viehiich

g C4-199 X898} 3 setzA 43 E2vio)
Ext madape] RS vRAbAEo] AWg o] F A
Aol AAE wol sk stald), olv FAMsatgA)
FE At ek e-S pukdt Ane A
53], AMAH R 2 MgO AES vf1uAjo] a9} e
B2 HA AAAHQ 20 E 24319 Aol

vlgkd 24 Co, Ni, Cr, Sc, V 52 Mg, Fes} 7&
FAEAnse] A gho] fo]shm, £3] Co, Ni 7H&H4]o
g =& FojAeE A 942 484 93, Mgo)

2
.
= T

gekol dAsHA it wiel A paske AR
veldic} (Mason and Moore, 1982). & 33}c] o) = Ta-
ble 3l 4] viebiisz wlel 7to) 919] ApAlo] &elEle), Cox
B3itfol o B3latg-o Az o} F3abA o 50~80 ppm
7hee) A kg zed], o9 A%E #A$-3hs MgO
A9 W3y} 21.15~3598%9] ¥& deke] A H
A5 el A A=t

Nig Mzt d4, 22)7 Cre 3|43 AA Ao =&
HATE e 42N, B AEEe Nig
Cro] 700~800°1 4] =& 7 F 2000 ppm7}H#] -5
o), WAL o wel vlwA A Polole AME-
oolu} F+27t FAHY A 1 gEel M A
vehte, oo} HAAFE F AREote] AFHE Yol ¢
A7 AV SRS EX3} AYHFF 11 o] gt
7o) el vehdth @9, BaaE K3} @4 7
Fihe dAaEA &R Jehbe ARl A e H|E 3k
2 ghol g A vebdE & 5 Ak

GABA 7k FEA 02 AF FAHE S350 23
A Bgolzhdd o Fo A 8 K Al 2 Aelst AR

Table 3. Chemical analyses of major and trace elements for the representative ore samples.

Sample Core Samples

Name C44 C47 C49 C4-11 C4-12 C4-13 C4-14 C419 C4-20 C421 C429 (432
SiO, 61.21 48.80 32.64 40.86 38.36 61.74 44.10 15.06 38.88 47.29 55.25 61.43
TiO, 1.65 0.01 1.03 0.03 0.05 0.01 0.95 0.02 0.03 041 0.03 0.59
Al,O, 13.82 272 13.00 2.20 223 0.32 10.63 0.55 222 6.32 354 16.94
Fe,0; 9.87 4.51 9.22 8.30 7.82 437 10.56 7.1 5.90 8.42 6.14 6.75
FeO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MnO 0.17 0.14 0.19 0.06 0.11 0.03 0.12 0.39 0.20 0.10 0.06 0.10
MgO 2.01 24.96 28.44 36.04 33.86 29.46 21.15 3598 2691 24.77 28.20 2.35
Ca0O 3.17 7.15 0.56 0.30 1.45 0.04 0.68 0.20 6.43 1.14 0.40 1.99
Na;O 1.86 0.02 0.04 0.00 0.01 0.01 0.04 0.02 0.02 0.02 0.04 2.18
K;O 3.02 0.01 1.48 0.01 0.01 0.01 4.05 0.03 0.05 272 0.17 382
P,0Os 0.36 0.08 0.26 0.03 0.04 0.03 042 0.03 0.06 0.14 0.05 0.36
Ig.Loss 2.28 11.35 10.94 1248 15.37 4.67 2.18 3717 17.58 5.34 6.09 429
Total 9942 99.75 97.80 100.31 99.31 100.69 94.88 97.22 98.28 9421 99.97  100.80
Ba 478 17 170 4 7 1 2201 3 14 312 19 625
Co 16 60 66 86 78 63 58 82 56 53 73 22
Cr 35 30 769 948 1949 187 1364 1148 1683 1274 1863 9
Cu 77 3 4 21 17 2 4 29 12 41 3 171
Li 55 10 34 3 4 3 146 2 11 66 31 51
Nb 134 3 18 4 3 3 12 3 4 9 3 15
Ni 29 613 1067 1981 1704 555 1300 1742 1291 794 1714 67
Sc 17 3 7 6 10 2 26 3 10 28 9 13
Sr 175 180 4 37 78 9 24 6 657 126 17 149
\"% 114 28 90 68 67 17 150 37 46 133 45 82
Y 163 15 5 2 2 0 14 1 3 8 1 33
Zn 121 33 58 40 49 35 106 31 36 49 59 81
Zr 1085 11 269 9 7 2 163 9 65 65 24 130




Table 3. (Continued).
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Sample PY-37 Series Ore Samples Dikes
Name PY37-1 PY37-2 PY37-3 PY374 PY375 PY37-Ta PY37-C DH-Ta YS-NC-1 YS-901 YS-504
Si0, 4752 3131 4473 4601 6895 6189 5271  59.69 5422 5236 50.15
TiO, 0.13 0.13 0.04 1.53 0.74 0.01 0.03 0.01 0.82 0.40 0.61
Al,O; 630 1740 239 1668 1209 0.14 1.46 1.34 1057 1013 10.50
Fe,0; 1.05 1.00 1.23 1.75 1.13 343 6.25 490 9.24 1.02 0.10
FeO 5.78 844 5.59 8.30 4.56 0.00 0.00 0.00 0.00 4.00 3.85
MnO 0.21 0.13 0.11 0.12 0.07 0.03 0.08 0.04 0.15 0.09 0.10
MgO 2529 2759 3372 10.89 327 2941 3031 2932 1059  10.16 9.18
Ca0 6.45 0.12 0.25 1.90 2.04 0.95 119 0.96 890 1779 2373
Na,O 0.11 0.00 0.02 397 117 0.02 0.03 0.03 0.43 0.52 094
K:0 0.12 0.85 0.02 34 242 0.01 0.02 0.0t 1.84 1.85 0.04
P.0s 0.07 0.04 0.03 0.40 0.15 0.07 0.04 0.04 0.39 0.08 0.17
Ig.Loss 609 1050 1115 277 4.28 5.49 8.02 548 234 2.50 297
Total 9912 9751 9928 9776  100.87 10145  100.14  101.82 9949 10090 102.34
Ba 14 62 3 648 618 2 3 3 258 2141 17
Co 55 67 78 35 14 55 58 53 37 26 18
Cr 1257 1559 1866 383 81 148 1789 881 683 38 56
Cu 4 2 9 6 6 3 13 3 20 15 4
Li 9 54 4 84 47 10 7 6 30 2 2
Nb 8 5 3 17 18 4 4 3 13 3 14
Ni 967 1391 1790 170 44 1065 1252 1455 124 32 22
Sc 13 10 11 25 14 8 6 6 28 23 10
Sr 32 18 6 328 58 15 17 4 255 232 153
\Y 45 69 68 177 97 15 43 33 182 132 95
Y 16 1 2 18 22 1 2 1 27 13 38
Zn 51 82 64 122 105 27 43 50 118 73 106
Zr 17 21 10 225 383 8 12 8 151 62 159
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Aol YA e 2H
A Frk

Astell A 7] AU A,
24, $U4-849 "dél%
v A ¥ 3
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Fig. 11. Plots of Al/Si vs. Mg/Si for chlorite to talc (A) (Solid square; C4-7, plus; C4-10, cross; PY-J, open square;
C4-20, and asterisk; C4-13), Si vs. K for phlogopite to talc (B) (solid square; C414 and plus; C4-21), Al/Si vs. K/Mg
for phlogopite to chiorite (C) (solid square; PY-J7 and plus; C4-9), and Al/Si vs. Ca/Mg for tremolite to chlorite (D)

(solid square; C4-6 and plus; PY37-1).
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—>Mg;Si;05(0OH),+ brucite with excess opx (1)
serpentine

talc

E oo 297|145k T3 ARESHHE-E AR 9o
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