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ABSTRACT : The pyrophyllite deposits located in Jinhae area have been studied through field
observations and laboratory works including the X-ray diffraction (XRD), X-ray fluorescence (XRF),
Electron probe microanalyzer (EPMA) and Inductively Coupled Plasma (ICP). The pyrophyllite
deposits consist of mainly illite, dickite, pyrophyllite, diaspore, chlorite, pyrite and copiapite. According
to the mineral assemblages, geological occurrences and alteration modes, the altered rocks can be
classified into four types: Type A; quartz with silicifictaion, Type B; quartz + illite with illitization,
Type C; quartz + dickite + illite with kaolin alteration, Type D; pyrophyllite + illite + dickite +
diaspore with pyrophyllite alteraion. Rocks in Type A, which is generated by silicifictaion, have high
SiO contents more than 90 wt% and distinctive equigranular textures with microcristalline quartz. The
pyrophyllites from the study area belong to 2M polytype. The host rocks of the pyrophyllite ore in this
mine are rhyolitic rock, andecitic tuff and volcanic breccia. The alteration products seem to be controlled

*NA A A} hwangjy@pusan.ac.kr

— 163 —



cRAZ - &2 - A4A

by the different lithology of the host rocks. The hydrothermal solution formed the deposits would be
inferred to the acidic and have relatively high ionic activity of hydrogen and silica judging from
alteration mineral assemblage. Pyrophyllite alteraion zone is gencrated by highest temperature condition

of all alteration zone.
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alteration
M A
A Y 452 FeEE guA A
BEZA YR, J45, 247, B S5 2

< SHAFEY Az F2 AHLE g3, A
e Felidf, AME 298, 234 Foz2x%
£53 9t e dutdog gy e =i
O 2 dte BAE FEAT, FojrE Ut
BUE F40=2 ALn g 7 S
st FAo] XdEIE ) o) ME Gy
Eoete FA S PR g

AFNA FUGYFAe] e A7 dus
FARE AHl A Y 2 dEXd3 gy
of s, B, 4, A8, H, ARNYGe i
O 2 AHFH, FESH 9 733t A3}
THEHATE R, 1988; A3 9, 1990; T3]
9], 1990; E35=9} /7, 1992; A7), 1986,
1992; A4S A&, 1990; AEE 9, 1991; 4l
F&3 BEE, 1990; ZETE 1998, 1283 1A
2, 1989; AFE 9], 2000, =T uAE,
2005). Lt 28 AHY FA o] th3 AFE o
FO)X|A] gt

I 344 A9 A Yx)814, F
2 A3 59 oF 35005, T4 oF 128°43] s}
FTHE 1), WA E FAAGolgE E4A 0
7108t AA7IA] A A EZEo] Wh7hE ] Fory Y
A o] gt NPATF =3 nFatg o), A
234 92007) 23 AFNA o] AAZI}
AN A7l FH3 FAS 47 w4
AZshe 7 B AL 243 FA) G L A
3 FHIARE A om Hol g1,
TAE AZ3he FAIAEE «F)H AYGujo|d~»
O2 o itk AP e A B st
BY83 TA7| o2 et a 9T, 434k
Ae FEAST WS 508 Y8 A 4
=3t Y} ojg} o] e B H A YAz}
TS EEE fFdhe Aot F3 2R Aew

_1

A ol £ BAG F7E AAA Hol A7E &
P G B Q99 gHPRe FHoE
stel FHYRY e FEGH 2 A5oE =
H& AH3 ARFAL, o8 Foko] Bare A
B7¢ R on, FARY}Y) WA AEs
e,

o P

ATFAHo] A3k FAtl tishA AU Az
AE QB A9 Wel el E TFbeta oF 100
A ARE AHASAT AHY ZE AR o
A XA HHENE AN FAFES Fot
AT TAFES AES Fo g 9E A
Tof thal 2 & Atele] WAL A2 FAH
23 AL FAINYG. T3 WAF HER
o] B AS dalHe HEZEY 4L A
3] AES] Y5t GHELS FRS EAAA
HAEEE o8¢ AAHOE 2 um ©)39 HE
& T8 o] FEES ALY Ho s o
50 XA HEAS Pk XA FHRA L
Rigaku Geigerflex 20139] X-1EL3|AAFX]S A}
$39em, CuK e A3 Ni-filtero] 2}3 X-4-& A}
239t AZAL A 30 kV, 15 mA, scan
speed 2°2 0 /min, A4 1 sec, slit 1°~0.3 mm ~
1°0.2 ZA3YT) 2 um ©]5te HER o =
3E HEFEL dAAIYE Ay 2 719AT
& B9 sty

F AE9A HEHLS BAYsSy T4
AEHd oFstd XAYFEFEA AX(XRF)
& o] &3} bead AFHOZ EHFAY. A=
PhilipAt model PW24009] X-{¥JEA7E A&
AT mEdAs AL dxr|xAeAdaTY
AgRad 9F59 ICP-MS ¥ ICP-AESE 4-3)
SHARTE 7171 272 Perkin elmerAte] Elan 61005
D3} Jobin YvonAte] 138Ultrace 2 @S A8} TH

a3 AZE 9EE o)ty TABEY A

- 164 —



Ash AR A e

35°6'23°N

128" 42' 38" E

Jinhae Bay

I Alluvium

easki~beealtic andogits

% Decitig~andexitic apilii buff and braccia

TERTIARY

F Voloanio complex
55 Horrblendo granodiorite

Rhyolitia reck.

Y Andscite

CRETACEQUS

128" 5V 21 E

[Z7  Andesitic voleanic breosia o s 1 e
L N e
35 TIEN

Fig. 1. Geological map of the Jinhae and Gaduk mine

areas (modified from Jang e af., 1983 and Cho er al.,
2007).
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Fig. 2. X-ray diffraction patterns of altered ores in the
Jinhae region. A: silicification alteration, B: illite al-
teration, C: kaolin alteration, D: pyrophyllite alteration,
Q: Quartz, M: Mica, K: Kaolin mineral, P: Pyro-
phyilite, D: Diaspore, Py: Pyrite, R: Rutile.
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Table 1. The mineral composition of various altered rocks

Sample No. Qtz Illite K Pyro Dia Py Ch M/S Type
JH-31 -
JH-36 -+
JH-43 -+
JH-52 ++++ A
JH-64 +++++
JH-83 -+
JH-1 -+ ++
JH-12 +++ ++
JH-13 +++ ++ B
JH-14 +++ ++
JH-11 +++ +++
JH-46 +4++ A+ +
JH-10 +++ +++ +
JH-9 +++ ++ + +4++
JH-23 +++ + + +++
JH-76 + ++ 4+
JH-79 ++ + ++ F C
JH-54 + +++ +++ ++
JH-58 4+ + +++
JH-73 -+ +++
JH-8 ++++ -+
JH-56 +++ -+
JH-30 ++ +++ ++
JH-26 +++ +++ 4+ +++
JH-20 ++ ++ -+ +
JH-17 +++ ++ ++ ++
JH-21 + o+ ++ ++ 4+ ++
JH-29 ++ +++ ++
JH-16 +4++ +++
JH-78 +++ +++ -+
JH-71 -+ + ++
JH-42 +++ + ++ +++ D
JH-6 ++ ++ +++ 4+ ++
JH-5 ++ ++ ++ -+ -+ +
JH-7 ++ +++ ++ -+ 4+
JH-73-1 + -+ -
JH-15 ++ ++++
JH-22 ++ -+ -+
JH-35 +hH+ S
JH-57 ++++ -+
JH-77 -+

* Qtz: Quartz, K: Kaolin mineral, Pyro: Pyrophyllite, Dia: Diaspore, Py: Pyrite, Ch: Chlorite, M/S: Mica/Smectite
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Table 2. Quantitative analysis of mineral compositions of the altered rocks

(unit : wt%)

Sample No. Qtz Tllite K Pyro Dia Py Ch Type

JH-13 68.7 25.7 0.0 0.0 0.0 5.6 0.0
JH-1 71.4 286 - 0.0 0.0 0.0 0.0 0.0
JH-14 63.5 34.6 0.0 0.0 0.0 1.9 0.0 B
JH-25 538 394 0.0 0.0 0.0 6.8 0.0
JH-12 59.9 40.1 0.0 0.0 0.0 0.0 0.0
JH-59 38 56.7 0.0 0.0 0.0 39.5 0.0
JH-10 50.5 495 0.0 0.0 0.0 0.0 0.0
JH-9 54.3 318 7.2 0.0 0.0 6.7 0.0
JH-54 50.2 17.8 79 0.0 0.0 0.0 241
JH-58 51.2 21.8 83 0.0 0.0 0.0 18.7
JH-46 482 40.5 9.1 0.0 0.0 22 0.0 C
JH-23 443 20.6 18.1 9.8 0.0 7.2 0.0
JH-53 53.6 25.6 20.8 0.0 0.0 0.0 0.0
JH-8 64.5 0.0 355 0.0 0.0 0.0 0.0
JH-73 45.6 0.0 45.1 0.0 0.0 53 0.6
JH-56 38.2 0.0 61.8 0.0 0.0 0.0 0.0
JH-28 61.7 36.1 0.0 0.0 0.0 22 0.0
JH-27 49.4 40.7 0.0 9.9 0.0 0.0 0.0
JH-55 14.3 65.2 0.0 134 0.0 7.1 0.0
JH-17 53.6 19.3 11.0 16.1 0.0 0.0 0.0
JH-30 349 23.6 204 211 0.0 0.0 0.0
JH-6 20.9 233 0.0 23.9 19.3 0.0 0.0
JH-42 50.9 17.5 0.0 25.0 0.0 6.6 0.0
JH-7 28.1 0.5 18.8 33.0 10.8 8.8 0.0 D
JH-71 62.8 2.6 0.0 34.6 0.0 0.0 0.0
JH-26 30.8 0.0 272 356 0.0 6.4 0.0
JH-5 10.3 16.7 6.1 40.8 20.1 0.0 0.0
JH-29 15.8 39.7 0.0 445 0.0 0.0 0.0
JH-18 492 0.0 4.8 44.5 0.0 1.5 0.0

JH-73-1 0.0 1.3 4.1 45.0 49.6 0.0 0.0
JH-16 539 0.0 0.0 46.1 0.0 0.0 0.0

* Qtz: Quartz, Pyro: Pyrophyllite, K: Kaolin mineral, Py: Pyrite, Dia: Diaspore, Ch: Chliorite
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Hg. 4. ‘Ihenucrophotographs of thin sections showing
the graditional alteration of the rocks. a: sample in
quartz zone (group A); b: sample in quartz-illite zone

(group B); d: sample in kaolin-pyrophyllite zone
(group D); Q: quartz, M: mica, P: pyrophyllite, left:
crossed nicols, right: open nicols.
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Table 3. Electron microprobe analysis of pyrophyllite and mica

No. Pyrophyllite Mica

JH-15-1 JH-15-2 JH-20-1 JH-20-2 JH-20-3 JH-1-1 JH-1-2 JH-1-3

SiO, 65.33 63.77 60.16 64.75 60.60 52.27 50.10 53.91

TiO, 0.02 0.01 0.01 0.00 0.00 0.01 0.00 0.02

AlLOs 30.43 31.97 25.74 28.46 25.95 37.73 36.50 37.69

FeO 0.34 0.40 2.28 0.04 6.36 0.14 0.04 0.02

MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

MgO 0.03 0.00 0.03 0.06 0.03 0.20 0.15 0.15 ;

CaO 0.00 0.00 0.09 0.11 0.16 0.00 0.00 0.03

Na,O 0.12 0.20 0.06 0.11 0.13 0.33 0.28 0.24

K;O 1.04 2,17 0.02 0.08 0.14 8.13 8.10 8.22

Total 97.31 98.52 88.39 93.61 93.37 98.81 95.17 100.28

Numbers of cations on the basis of 22 oxygens

Si 7.74 7.54 7.88 7.90 7.71 6.49 6.47 6.58

Al 0.26 0.46 0.12 0.10 0.29 1.51 1.53 1.42

ITet. 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00

Al 4.00 4.00 3.85 4.00 3.71 4.01 4.02 4.00

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 0.03 0.04 0.25 0.00 0.69 0.01 0.00 0.00

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mg 0.01 0.00 0.01 0.01 0.01 0.04 0.03 0.03

> Oct. 4.03 4.04 4.11 4.01 441 4.06 4.05 4.03

Ca 0.00 0.00 0.01 0.01 0.02 0.00 0.00 0.00

Na 0.03 0.05 0.02 0.03 0.03 0.08 0.07 0.06

K 0.16 0.33 0.00 0.01 0.02 1.29 1.33 1.28

2Int 0.19 0.38 0.03 0.05 0.07 1.32 1.40 1.34
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Fig. 5. Dioctahedral 2:1 layer silicates diagram : some
ideal end-member compositions for the Ox(OH)
formula unit, and the compositional ranges for some
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and Brown, 1987). Marking samples in study area.
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Table 4. Major element composition of the representative altered rocks (Unit : wt%)
Type A B C D
No. JH-83 JH-36 JH-1 JH-13 JH-54 JH-24 JH-16 JH-42 JH-7 JH-20 JH-77 JH-57 JH-5 JH-15
SiO; 9821 97.41 7435 71.87 6327 5495 77.92 66.00 64.32 65.79 56.90 61.18 56.55 54.99
TiO, 119 1.87 051 048 077 1.04 048 1.04 075 066 094 176 1.06 045
ALO; 047 045 1723 1530 1643 17.76 1644 16.13 18.88 27.54 27.75 2624 31.02 32.38
Fe,0; 012 015 005 382 696 792 077 1105 534 059 385 883 096 072
MnO 0.0t 0.01 0.01 001 029 013 001 001 001 001 001 001 001 001
MgO 0.02 0.02 0.07 004 399 420 0.03 012 0.00 003 0.03 003 001 0.04
Ca0 005 0.05 005 006 013 221 009 010 012 0.09 008 008 0.15 0.09
NaO 007 0.09 001 000 005 197 0.03 020 010 0.03 0.15 007 0.02 0.13
K0 001 001 365 366 223 193 021 201 033 024 009 062 154 4.15
P,0s 001 0.00 005 009 018 024 011 014 0.18 010 002 0.10 025 0.15
L.OI 004 0.07 354 474 560 7.04 378 342 790 578 539 521 7.19 658
Total 100.19 100.13  99.52 100.06 99.91 99.40 99.86 10021 99.41 99.40 99.49 99.50 99.12 99.69
Table 5. Trace element analyses of the representative altered rocks (Unit : ppm)
Type A B C D
No. JH-36 JH-1 JH-54 JH-24 JH-7 JH-57 JH-15
Ba 24.19 522 623 134.7 243.1 78.60 594.3
Cr 8.396 19.2 21.63 66.17 14.43 6.480 <1
Li <2 17.78 71.36 35.86 30.67 <2 13.93
Zn <l <1 163.1 65.2 <1 153.440 <1
v 6.397 19.20 <1 64.19 37.08 93.65 39.41
Zr 10.19 4379 153.6 240.3 3752 19.02 2225
Sr <1 45.27 17.59 81.63 5121 57.7 133.2
Co 29.51 10.83 25.72 22.71 104.52 3.27 7.83
Ni 4.45 532 17.63 12.88 16.15 9.23 1.46
Cu 11.45 14.09 22.12 73.15 26.14 6.92 4.08
Rb 0.14 97.42 83.77 61.78 10.15 16.39 76.75
Y 0.07 74.44 20.23 29.58 11.14 1.91 19.21
Nb 6.52 12.63 5.01 7.68 1447 8.04 11.49
Pb 3.52 14.96 24.32 11.51 174.33 18.00 57.03
Th 0.10 16.36 9.68 11.30 26.36 3.50 43.25
U 0.14 5.29 2.46 2.68 4.19 0.57 3.44
MM HHIHO et D o, AAHOR Qe e AR gt 2 3
°]& YEhhS e, DI1FY EF AggAE AY
€T FEXTY FTYUE MEHORE A~-D  &FF gl YR el oRe 3
9 47H«l HANE TESAAHIE 6). ddd  FAsiee Ang gzEn. GG ge g
WA ol F fobd WAt B2e S A 530 UF TFPHE Ao Rol 43S A
AHUE THAE o diAZ 25 9 HE 5 F E3akE A4S B QoF B
o 899 42 A2z Y2, DETY WA ruAEe @47 43 wea A, 7
B ATE 24 B2 A9He ol FUkE ABRBo|Y st &8, B, AEA So] 9
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Fig. 6. The variation of mineral assemblage of the
Jinhae mine area.
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