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Application of Clay Mineral Geothermometry in the Bobae Mine,
Pusan, Southeastern Korea

Moon, Ji-Won* and Moon, Hi-Soo*

ABSTRACT : Clay mineral geothermometry using sericites and chlorites in Bobae sericite mine reveals that these clay
minerals formed at relatively high temperature. It appears that sericites formed at around 200~350°C and chlorites form-
ed at around 250°C. X-ray diffraction study of these minerals reveals that sericite 2}/, type and chlorite IIb type are
dominant phases. Both polytypes indicate that the precipitation temperatures of these minerals shows fairly good agree-
ment with the estimated temperature by clay mineral geothermometry. The Bobae sericite mine was formed at relatively
higher temperature than several non-metal ore deposits occurred in the southern part of Korea.
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Fig. 1. Comparision of sericite-forming temperatures by
mole fraction of paragonite component of sericite occurs in
various non-metal ore deposits in Korea. A; Bobae mine
(Moon, Moon, 1995), B; Bobae mine (Kim et al., 1991), C;
Sangdong mine (Kim et al., 1992), D; Milyang mine (Lee,
1993), E; Haenam mine (Jeong, 1990), F; Sarisan mine
(Kim, Kim, 1992), G; Dachyun mine (Rhee, 1991).
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Fig. 2. Percentages of 2M, mica in a 1M-2M, mixture and
values of r as a function of the ratios of the intensities (peak
area) for the 2.80A and 5.0 peaks and the 2.80A and 2.
584 peaks (Cuka: radiation). Solid lines: for calculated for
Cap Rouge mica chemistries by Tettenhorst, Corbat (1993).
Symbol: &, Andalusite-Pyrophyllite zone; O, Sericite zone:
A, Albite zone.

e [(Peos®+r'sin®0) ™% olw) (& zhzte] pi Wx)
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t} (Tettenhorst, Corbatd, 1993).
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Fig. 3. Plot of probe analysis for chlorites occurred in
study area (after Hey, 1954). Symbol: 0, Ore; ®, Granite
Porphyry; A, Rhyodacitic tuff.
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Fig. 4. Plot of tetrahedral Al vs. octahedral Fe/(Fe+Mg) for
chlorites of IIb structural type. Composition determined
from spacing graphs modified after Shirozu (1958) and Bai-
ley, Brown (1962). Symbols are the same as Fig. 3.
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Fig. 5. Plot of Al™ in chlorite vs. temperature for the
Bobae sericite deposit.
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Fig. 6. Plot of octahedral vacancy in chlorite vs. tem-

perature for the Bobae sericite deposit (after Cathelineau,
1985).
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452

e

A 54N (203) I29 B)E 4+ 3
£& 233l Eul, £ Ao EAjsle
Alsite A& & 4 ek

ol A%
=UXZE [ o] &

#A2Q

Fig 1A 9} Zo] Bufdide] Aese F53dd A
°l q- HlF4 el vl BlaA neA

T 303, olai g Azt ARE sl
oln] 9]% vl dok. 2@y, Cathelineau (1988)«=
200°C ol3te] x| FAME HAIRE JFT7 %
A gon ol UE HEFEHRY EF £ FHI
EREw Folatn A v} i}, ¥
Y Kim et al. (1991)% Moon, Moon (1996)2 ©]u] &
BN ERFABES EAFA 457 diREY
HAe ] 20, o] $AIEE w3l Aok Kim ef
al. (1991)& ®3t & Fito] 330°CoAA BASUSE A
el nz ol A e gAol drka A}
g9t

Aol i, IM-2M, EHA & 2M8] &R
H|Z Cap Rough mica (Tettenhorst and Corbatd, 1993)
A7AFel =AEAC Y FAA o] mm-size A&
27} SA (Kim ef al., 1991)W 2M, o] 3543
Aol Al $AEHA velhdol gtk 2, =A 2T ol
ol A ve}l v 2 HAY e S Aol &
UeEhR] =) 23 F oz ol A AEERE
Al 24 Agde] &R, EANVL BEAE
& AL ole $r1e] Agd At 2349 A
TEE AR BTS AL BAY, F5F (1995)9 A=
o} 2 A gt

e ERA

U

sHigtel AR AHE A sUMS AdeE
AZ ol gl 71&Y AFEL F2HEE FHR

= thEATFet "o"‘ﬂi o] &9 914, sYA I {FAZte
% (Walshe, 1986)% 4o =2
9 ﬂ?‘l—?i dedct 22y 54A A2
wat opal £(0,), Fe/(Fe+Mg), ¥
BAE 9 45iE Axolz 9

o

lo
_O,L

o>
% B

N

$4 AAR RAAT, B0 5 (1993)] ofa) 2

A4 -

Mo
tob

2~
T

B4 dAv|dez Baud gt ZyMe e
SUM I} shgt2Ad e atel7t FERBE, 9A719Y
o & Kim ¢ ol (1991)3 FAL3} F3l5 (1995)9)
A Y-S JEA FFe Aotk BufjBde] ZuUA] 734,
Az o] ghute i) AlgtelA] tiRE HE
= prophylitization®] WA HEo| 31, B ohe] 3’%% A
Wz gkoktt sltjEle A71E o8 o el gk
}-2 Ao|t}. Seyfried, Mottl (1982)2 2]347}":‘:5_
% Mg #aFo] Fe HET & 49, o2& doc
N¢E THS Aolgtn At 12y AzA
723, Fe:Mgol HTdol2blE 452: 39701134
£ Zgol] AH3 ] deE Ao B ¥e
& 4 Atk A sYMo| fA 22 AN o‘é
FATHA, A We] Fe*’/Mg” Bl pH, £(0,), &
2 3wl #AYMo] t} (Shikazono, Kawahata,
1987). HujFAe] ZUMe Fe** =& nis &),
£(0y), S, and SO, /H,S7} %11, pH7} ¥& 370 &
" AL & 4 2} (Giggenbach, 1984), £ o|&
A4, &34 (1995)7F A wie} o] o] HYH
prophylitization®] AH&U & A A8k Ao|th
AR S A2 E o] §3t= Cathelineau, Nieva
(1985)= Gl o] HUA A7 & dxsht, &
o)l Jiang et al. (1994)3} Essene, Peacor (1995)+& o
2 AFolA AMEE e RIAlEE ol g3te HENES F
2 98 nAZEXRE o8 wdE S AHs[ 2
Hu 28 94|, EESABEY FESE HNFEE
WA Z71e} Q4 FEr) Soldd ulel 2%
9 A=t #ddo] FTHte R TAA A9 Ao
A Alo] A& F4ETE EAoka sk uhet
A BHoA s e A 5ol AFHQ HEE 2
Fn dov, kg EPFAFE] EAe oy 44
vl (Kim et al., 1991; Moon, Moon, 1996), ZX.7] &%
A WAte] T APRA AlS 0] 88 (A LEAE v
2 eHg gl Azt 229 g el ey, Y
HnYP-L=E 300°C (Weaver et al., 1984), Hb?f.M 3
AW LEE 200°C (Walker, 1989), 135°C (Walker,
Thompson, 1990)5- thekgt o] 7o) A= Yt uhe}
A g o] 83 AL A F4L i A3 g
FF317] YEA Pt o] 7)Ee] AFEL Y =
o] 300°C (Weaver ef al., 1984 A = %@%‘ T UL,
& =5UA % 135°C (Walker, Thompson, 1990)2] 22
Az HFE F USE ulste Zeolth
Walker (1993)& thgRislol QlojA galo) dgke 7=
R e, e ZHELHNM Prpe<Pinesuicdt 27200

o°"

o Nlolz

T

(o)

Ore

|

§2 ro o

=
o o I A o

©

H1 gle o2

fo ©a 03.',

2

19,



3 B e JEAALEAY A4 453

A TIb3 & MHA Ao A Ppore=P1ithos:atic€\’;_L 2730l A
AEchn A v glck ol At HA|, 22| g}
dl, & AL FA oA AEd A 5YAo| IIhd
o|ASE A gt

Al AL

B A7 @R AR TAE ) A7)
22 o] IR EL WelH, olo] FA=AT,

|

AEU, £34, 24T, AAT (1992) AAG 5344
Aere FE31 9 FFAde 2. BIAE, v
25, p. 275-282.

A9, 234 (1995) ¥4 BB A&t s
AAAEA. AL 8RR A E3A], v. 28, p. 93-107.

el H4, A4 (1992) FEG-E4 e % A
SR PFe] Al FAA A, v. 25, p. 225-232.

H3]Ql, A3, B34 (1992) 2R 22719 A
AT BR712QAT A1AH1992) B3N, S s e,

utglol, Ak, £3|4 (1993) AARAW BEAE719 A
N7 B 2A7 A23H1993) WA, FEEA L,

o7+l (1993) B A FAdell g FEFYTH A7 A
Aligta A =&, p. 129.

Ao (1990) A 3g EM g deHazg gl oo
it djolEo FESA B4 AT AMhetn MAL
L =E, p. 84.

AR, AFE, A/ (1993) A Bl =A@l AbE
e HEFES AW S=BEA|, 67, p. 27-37.
Bailey, S.W. (1980) Summary of recommendations of
AIPEA nomenclature comittee. Clay Miner., v. 15, p.

85-93.

Bailey, SSW. and Brown, B.E. (1962) Chlorite poly-
morphism: I. Regular and semi random one-layer
structures. Amer. Miner., v. 47, p. 819-850.

Bence, A.E. and Albee, A.L. (1968) Empirical correction
factors for the electron microanalysis of silicates and
oxides. J. Geology, v.76, p.382-403.

Bish, D.L. and Giese, R.F., Jr. (1981) Interlayering bond-
ing in IIb chlorite. Amer. Miner., v. 66, p. 1216-1220.

Cathelineau, M. (1988) Cation site occupancy in chlorite
of temperature. Clay Miner., v. 23, p. 471-485.

Cathelineau, M. and Nieva, D. (1985) A chlorite solid
solution geothermometer, The Los Azufres (Mexico)
geothermal system, Contrib. Miner. Petrol., v. 91, p.
235-244.

Choo, C.0. and Kim, S.J. (1992) Formation of illite in the
natural K;0-AlLOs-SiOr-H,0 system in the hy-
drothermal clay deposit of the Bobae mine, Korea. J.
Miner. Soc. Korea, v. 5, p. 6-13.

De Caritat, P., Hutcheon, L., and Walshe, J.L. (1993)
Chlorite geothermometry: A review. Clays Clay Min-
er., v. 41, p. 219-239.

Di Macro, M.]., Ferrell Jr., RE., and Lowe. D.R. (1989)
Polytypes of 2:1 dioctahedral micas in silicified vol-
caniclastic sandstones, Warrawoona Group, Pilbara

Block, Western Australia. Amer. J. Sci., v. 289, p. 649-
660.

Eberl, D.D. Srodon, J., Lee, M., Nadeau, P.H., and H
Northrop H.R. (1987) Sericite from the Silverton cal-
dera Colorado : Correlation among structure, composi-
tion, origin, & particle thickness. Amer. Miner., v. 72, p.
914-934.

Essene, E.J. and Peacor, D.R. (1995) Clay mineral geo-
thermometry-A critical perspective. Clays Clay Min-
er., v. 43, p. 540-553.

Giggenbach, W.F. (1984) Mass transfer in hydrothermal
alteration systems - A conceptual approach. Geochim.
Cosmochim. Acta, v. 47, p. 925-939.

Hayes, J.B. (1970) Polymorphism of chlorite in sed-
imentary rocks. Clays Clay Miner., v. 18, p. 285-306.
Hey, M.H. (1954) A new review of the chlorites. Min.

Mag., v. 30, p. 277.

Jiang, W.T., Peacor, D.R., and Buseck, P.R. (1994) Chlo-
rite geothermometry?-Contamination and apparent oc-
tahedral vacanicies. Clays Clay Miner., v. 42, p. 593-
605.

Jowett, E.C. (1991) Fitting iron and magnesium into the
hydrothermal chlorite geothermometer. GAC/MAC/
SEG Joint Annual Meeting (Toronto), Abstracts 16,
A62.

Kim, G.Y. and Kim, S.J. (1992) Mineralogy of clay min-
erals from the Sarisan mine, Korea. J. Miner. Soc.
Korea, v. 5, p. 79-92.

Kim SJ., Choo, C.O., Park, HI. and Noh, J.H. (1991) Min-
eralogy and genesis of hydrothermal deposits in the
Southeastern part of Korea Peninsula: (2) Bobae ser-
icite seposits, Jour. Miner. Soc. Korea, v. 4, p. 129-140.

Kranidiotis, P. and MacLean, W.H. (1987) Systematics
of chlorite alteration at the Phelps Dodge massive sul-
fide deposit, Matagami, Quebec. Econ. Geol., v. 82, p.
1898-1991.

Maxwell, D.T. and Hower, J. (1967) High-grade dia-
genesis and low-grade metamorphism of illite in the
Precambrian Belt Series. Amer. Miner., v. 52, p. 843-
857.

Moon, J.W. and Moon, H.S. (1996) Characterization of
sericite occurred in the Bobae mine, Pusan, Korea.
Econ. Environ. Geol., v. 29, p. 129-133.

Moore, D.M. and Reynolds, Jr., R.C. (1989) X-ray di-
ffraction and the identification and analysis of clay
minerals. ed. Oxford University press, Oxford, New
York, p. 332.

Rhee, B.Y. (1991) Mineralogy of sericites in the
Daehyun mine, Korea. Ph.D. Thesis, Seoul National
University.

Seyfried, W.E., Jr. and Mottl, M.J. (1982) Hydrothermal
alteration of basalt by seawater under seawater-domi-
nated conditions. Geochim. Cosmochim. Acta. v. 46, p.
985-1002.

Shikazono, N. and Kawahata, H. (1987) Compositional
differences in chlorite from hydrothermally altered
rocks and hydrothermal ore deposit. Canadian Min-
eralogist, v. 25, p. 465-474.

Shirozu, H. (1958) X-ray powder patterns and cell di-
mensions of some chlorites in Japan, with a note on
their interference colors. Mineral. J., (in Japanese), v.
2, p. 209-223.



454 A4 - B

Shirozu, H. and Bailey, S.W. (1965) Chlorite polytypism.
III. Crystal structure of an orthohexagonal iron chlo-
rite. Amer. Miner., v. 50, p. 868-885.

Tettenhorst, R.T. and Corbatd, C.E. (1993) Quantitative
analysis of mixtures of 1M and 2M; dioctahedral mi-
cas by X-ray diffraction. Clays & Clay Miner., v. 41,
p. 45-55.

Velde, B. (1965a) Phengite micas : Synthesis, stability
and natural occurrence. Amer. Jour. Sci., v. 263, p.
886-913.

Velde, B. (1965b) Experimental determination of mus-
covite polymorph stabilities, Amer. Miner., v. 50, p.
436-449.

Velde, B. and Hower, J. (1963) Petrological significance
of illite polymorphism in Paleozoic sedimentary rocks.
Amer. Mineral,, v. 48, p. 1239-1254.

Walker, R.J. (1989) Polymorphism of chlorite in very
low grade metamorphic rocks. Amer. Mineral., v. 74,
p. 738-743.

Walker, R.J. (1993) Chlorite polytype geothermometry.
Clays & Clay Miner., v. 41, p. 260-267.

Walker, R.J. and Thompson, G.R. (1990) Structural vari-
ations in chlorite and illite in a diagenetic sequence
from the Imperial Valley, California. Clays & Clay
Miner., v. 38, p. 315-321.

Walshe, J.L. (1986) A six-component chlorite solid solu-
tion model and the conditions of chlorite formation in
hydrothermal and geothermal systems. Econ. Geol., v.
81, p. 681-703.

Weaver, C.E., Highsmith, P.B. and Wampler, J.M. (1984)
Chlorite: in “Shale-slate metamorphism in the South-
ern Appalachians’, C.E. Weaver and associates, ed. El-
sevier, Amsterdam, p. 99-139.

Young, R.A. and Wiles, D.B. (1982) Profile shape func-
tions in Reitvelt refinements. J. Applied Cryst., v. 14,
p. 430-438.

1996\ 69 84 An3F



