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Chemistry of Talc Ores in Relation to the Mineral
Assemblages in the Yesan-Gongju-Cheongyang Area, Korea
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ABSTRACT : The talc of the Daeheung, Pyeongan, and Cheongdang (Shinyang) talc depos-
its in the Yesan-Gongju-Cheongyang area is a hydrothermal alteration product of serpentinite
originated from ultramafic rocks. The mineral assemblages in alteration zones are :serpentine,
serpentine-talc, talc, talc-chlorite, talc-phlogopite-chlorite, and talc-tremolite-chlorite. Chemi-
cal distributions in both the ALO~FeO-MgQ system and the immobile elements suggest that
the serpentine-talc and talc rocks are the reaction product of ultramafic rocks and silicic
hydrothermal solution without addition of other granitic components, whereas chlorite-, phlogo-
pite-, and tremolite-bearing rocks are the metasomatic alteration product of serpentinite by
hydrothermal solution affected by granitic gneiss. Discontinuities in the immobile element ra-
tios of mineral assemblages are due to changes in their mineralogy. The relative contents of Al:
0, TiOs, Zr in the talc-phlogopite-chlorite and talc-tremolite~chlorite rocks increase irregularly
with increasing phlogopite, tremolite, and/or chlorite contents in contrast to other ore types.
But the relative contents of Cr, Ni, and Co are uniform in all the mineral assemblages. Chemis-
try of each mineral assemblage formed by steatitization of serpentinite suggests that Cr, Co, Ni,
MgO, and Fe.O, are relatively immobile during the alteration, whereas SiO,, Al.0,, Ca0, and KO
are highly increased. The contents of chlorite, phlogopite, and tremolite in each mineral assem-
blage might be controlled by addition of ALO;, K.O, and CaO, respectively. The high contents of
other elements than immobile elements in the altered rocks as compared with unaltered rocks
indicate that a large amount of elements were introduced from hydrothermal solution up to
about 8~41% in total mass showing maximum value in the talc-phlogopite-chlorite rock.

Q0 @ 3 JN-FF-FFANGS) hF AA-AY (ADBLE e BHY
Y719 AHRe] 4P S Wob AyHYeT, EHE wHRHL BE
YU TR @ 4R, Y, AEA-BA, EA 50N, FU-Fen-w, ¥
- S 67112 tol 2 4 Atk ALOFeO-MgO Al £A1% Zzhst vl
A—;s} wuul 9 ey AvHE GEA A 3 B °“*°l TE oldrdd 3“‘%

ol 7R 9% S9she) wgd 9 94HGoD, WAk, UM, 3R, FAY

Al

03'.
Mo © o ax |4 N

FE FHEL B0 Fue] o dyL we I4 %0-444 ol oj% 4HEolch ¢
EU M54 drge) guugs) $asye 3 dde) B2 AN WIS} 4N

S

]
1 S A :_-quulr FA-ERAA-= M BEZT QoM FE&R, F2HHM, UM
bl wek ALO, TiO, Zre) Al tﬂato] c}a -\E}%}_{}oﬂ HE EA&Rog
Z7tatH, Cl Ni, Co dl9) Jdjd AFe FE2ZY /2 A LPalch ARG B
M3 e ol o Bg2Ye Y AYe %*ék\?\-t—tﬂ 2a® Va5 FNA IHL



Chemistry of Talc Ores in Relation to the Mineral Assemblages

A Ax Cr, Co, Ni, MgO, Fe0; 59 9288
KOs 49 ZExdd w2t vx= A3t

R daEol 2Ud HE FUHE

2Ec] #3&93 I AU E € 7

oF
=3

gR-sUA 249 944 Y 2 ¥/ A

', 2UAg 4o gFol 2PULE

o AFF7PL AR o] F BY-F

INTRODUCTION

It is reported that most of talc deposits in
Korea are originated from either the alteration
of ultramafic rocks or magnesian carbonates.
Talc ores in the Yesan-Gongju-Cheongyang
area are products of hydrothermal alteration
of serpentinite originated from ultramafic rocks
(Chi and Kim, 1977; Woo et al, 1991; Yun et
al, 1994; Kim and Kim, 1995). The talc depos-
its originated from ultramafics or serpentinites
are formed by alteration involving only slight
chemical transfer since the chemical composi-
tion of the primary rocks is relatively similar
to that of talc or talc—chlorite mixtures, and
the talc ores of ultramafic origin are thus
characterized by the assemblage talc *serpen-
tine + chlorite +tremolite tcarbonates (Moine et
al, 1989). The talc ores of three representative
talc mines (Daeheung, Pyeongan, and Cheong-
dang) in the study area contain a lot of impur-
ity minerals such as chlorite, phlogopite, am-
phiboles, carbonates, and serpentine. Mineralo-
gy of talc ores and their characteristics are
similar to that of Moine et al (1989).

Mineralogy of talc ores and their distribu-
tion and chemistry suggest two different pro-
cesses of alteration for the formation of talc
deposits. They are serpentinization and stea-
titization (Kim and Kim, 1995). Serpentinization
of ultramafic protolith consisting of olivine and
some enstatite produced serpentine mi-nerals
and to a lesser extent talc, chlorite, and magne-
site. Steatitization of serpentinite results in
mainly talc and chlorite. The alteration history
of these rocks involvs retrogressive recrystalli-
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zation from the original ultramafic assemblage
and chemical mass transfer between the coun-
try rock and the ultramafic intrusive. Lithologi-
cal units of the talc deposits are composed of
variable amounts of talc, chlorite, phlogopite,
amphibole, carbonates, serpentine with minor
olivine, pyroxene, epidote, spinel, chromite and
other opaque minerals and expandable clay
minerals such as smectite and regularly inter-
stratified chlorite/smectite (cor-rensite). The
complex nodular talc ores have the black wall
zone along the contact with the country rock.
Although the talc deposits has been formed by
hydrothermal alteration of serpentinite, it alone
cannot account for the complex mineral assem-
blage of the talc ores and its associated com-
plex black-wall zoning. It is possible that the
protolith was characterized by complex chemi-
cal variability, compositionally layered, tectoni-
cally intermixed with the enclosing country
rock or sediments, or simply altered by exter-
nal hydrothermal solution during the serpen-
tinization or steatitiza-tion. Mineralogy and
chemical beaviour of talc ores and their occur-
rence show that talc ores have been formed
mainly by simple hydrothermal alteration, but
their chemistry has been affected by country
rock in the limited region. This paper is fo-
cussed on the chemical behaviours in relation
to the formation of talc deposits from the
ultramafic rock.

GEOLOGY AND ORE DEPOSITS

The Yesan-Gongju-Cheongyang talc mining
area consists almost entirely of Precambrian



Geon-Young Kim - Sco Jin Kim

AR A

€ e AT YA AR
R ~'-~ P By

TR RS V vw" Ty o Cheongdnng ’W\N\N
W R IR
A

OB Ry

P

M
\W

LEGEND

Quaternary [:’ ALLUVIUM

~~ Unconformity ~~

Jurassic E g TALC MINERALIZED ZONE

— Intrusion —

Age Unknown HORNBLENDE GNEISS

Pre-Cambrian I: GRANITIC GNEISS

Fig. 1. Geologic map of the Yesan-Gongju-
Cheongyang area.

granitic gneisses (Woo et al, 1991) with minor
hornblende gneiss, tremolite schist, serpentinite,
talc-chlorite schist, and dike rocks in the
restricted mining area (Figs. 1 and 2). The gra-
nitic gneisses belong to Gyeongki gneiss com-
plex (Woo et al, 1991; Yun et al, 1994; Lee
and Choi, 1994) and are locally gradational to
banded or biotite gneiss. They were formed by
regional metamorphism of both epidote-am-
phibolite and later greenschist facies and
granitization (Lee and Choi, 1994).

The talc zones are generally developed as
elongate or lens—shaped bodies in the Precam-

brian granitic gneiss. The Daeheung, Pyeongan,
and Shinyang talc mines are three representa-
tive mines in the northeast trending minera-
lized zone which developed over the area of
about 6 to 7km in length and 10 to 100 m in
width. Not a large differences in mineralogy
and occurrence of the talc ores are found
among three talc mines. Talc ores are mined
in the open pits in the Daeheung mine, where-
as in underground in the Pyeongan and Shin-
yang mines.

The major constituent minerals of the talc
ores are talc, chlorite, phlogopite, amphibole,
antigorite, and carbonates and the minor min-
erals are olivine, pyroxene, chromite, smectite,
and some other expandable clay minerals such
as regularly interstratified smectite/chlorite
(corrensite). Chlorite is widely and abundantly
distributed in the deposits. Aggregates of phlog-
opite and radiating acicular crystals of tremo-
lite-actinolite in talc ore bodies are found near
the contact zones between the talc-chlorite
rock and granitic gneiss. Quartz and feldspar
coexisting with talc are found only in the
blackwall-type zone or in the contact zone be-
tween talc ore body and granitic gneiss. The
color of the talc ores is generally dark gray to
greenish gray due to their high chlorite con-
tent.

Detailed geologic map of the Daeheung
mines was prepared from the open pits cover
a wide area (Fig. 2). Tremolite schist and horn-
blende gneiss are found along the margin of
the talc ore bodies. Unaltered serpentinite rel-
icts are also present within talc ore bodies.
Many acidic or basic dikes, which seem to be
not directly related to steatitization, are found
in the area.

Joints and small faults are abundant in the
rocks and the talc ore bodies. Such high stress
condition might promote open-system condi-
tions. These joint and fault surfaces are typi-
cally coated with thin selvages of black mine-
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Fig. 2, Detailed geologic map of the open pit of the Daeheung mine.

ral aggregate usually consisting of chlorite and/
or talc. Especially, the nodular ore bodies are
widely distributed in the contact zone between
talc-chlorite rock and granitic gneiss. Each
nodular ore bodies or lenses are surrounded
by two or three layers of platy and acicular
minerals. The inner layer consists of radiating
acicular chlorite and the next consists of
brown phlogopite and/or tremolite. Xenolith of
gneiss of several centimeters to 10s centimeters
scale are also formed in the nodular talc ore
bodies. Smectite, corrensite, and other expand-
able clay minerals often occur in the fracture
zones.

A K-Ar dating of phlogopite coexisting with
talc from the talc ore body yielded a K-Ar
date of 153+3 M.Y, indicating that the forma-
tion of main talc ore body is late Jurassic, pos-
sibly in association with Daebo orogeny. Gen-
erally, structural line of Daebo orogeny is
Sinian direction. This direction is in accord-
ance with direction of talc ore body of study
area and the talc ores of good quality are oc-
curred along the fault plane in the talc ore
body.

EXPERIMENTAL

X-ray powder diffraction (XRD) patterns of
samples, which were collected systematically
by their color, texture, and the degree of alte-
ration, were obtained using a Rigaku Geiger-
flex with Ni-filtered CuKe radiation. Samples
were examined on random or oriented mounts
at 40kV/30mA in a continuous scan mode.
The samples for X-ray quantitative analysis
were washed in distilled water and crushed in
an iron mortar. They were powdered in an
agate mortar without grinding. XRD patterns
for X-ray quantitative analysis were recorded
between 2 and 90° 2¢ with 002 steps and 2s
counts. Quantitative mineral analyses were
done using SIROQUANT software of SIE-
TRONICS.

41 samples from talc deposits were selected
for geochemical study. One gneiss sample was
selected also for comparison to the talc-related
samples. The samples for XRF and ICP analy-
sis were ground in a tungsten carbide ball mill.
Philips/PW 1480 X-ray fluorescence spectro-
meter at Korea Basic Science Institute was
used to analyze of major elements. Rare ecarth
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Table 1. Descriptions of six ore types having various mineral assemblages.

Lithology Mineralogy *Symbol
Serpentine talc<10% A
Serpentine-Talc talc>10% o)
Talc tremolite +phlogopite <5% and chlorite <10% o
Talc-Chlorite chlorite > 10% [
Talc-Phlogopite-Chlorite phlogopite >chlorite >10% °
Talc-Tremolite-Chlorite tremolite >chlorite > 10% A

* Symbol is used for graphic presentation in this paper.

elements (REE) and selected trace elements
were analyzed by inductively coupled plasma
mass spectrometer (VG Elemental-PQ2 Turbo)
at Inter-University Center for Natural Science
Research Facilities. The precision and accura-
cy of the analytical data were judged from the
results on the replicate analysed of the stan-
dard rock DST-1, W-2, and BIR-1 furnished
by USGS.

Scanning electron microscope (SEM) was
used for the textural study. JEOL JSM 840A
fitted with a Link energy-dispersive X-ray
(EDS) detector at Inter-University Center for
Natural Science Research Facilities and CA-
MECA SXS50 at Korea Basic Science Institute
were used. K-Ar dating was performed at the
Krueger Enterprise, Inc, US.A.

RESULTS AND DISCUSSION

Occurrence of Talc

Six typical mineral assemblages of the talc
ores, which have the characteristic color and
mineral composition, were also distinguished
on the basis of XRD quantitative analysis
using SIROQUANT program. They are : 1) ser-
pentine, 2) sepentine-talc, 3) talc, 4) talc-chlo-
rite, 5) talc-phlogopite—chlorite, and 6) talc-
tremolite—chlorite rocks (Table 1).

1. Serpentine rock : This rock is composed
of serpentine mineral with less than 10 percent
talc and trace amounts of chlorite and phlogo-

pite. It is green to dark green in color and the
texture is massive. Under the scanning electron
microscope, serpentine miaerals show the flaky
morphology rather than fibrous one (Fig. 3A).

2. Serpentine—talc rock : This rock consists
mainly of serpentine minerals of less than 80
percent and talc and chlorite of more than 10
percent. This rock is distinguished from the
serpentine rock by its light color and soft char-
acter. It is easily observed that talc is formed
from the serpentine under the electron micro-
scope (Fig. 3B).

3. Talc rock : The talc rock is white to pale
green in color and more soft than serpentine-
talc rock. Tabular morphology under the elec-
tron microscope is characteristic of talc (Fig.
3C).

4. Talc—chlorite rock : This is a dark green
rock composed mainly of talc with less a-
mounts of chlorite. The talc—chlorite rock can
be distinguished from the talc or serpentine-
talc rocks by wt. percent AlO; from chlorite
on the basis of XRF analysis. Most of talc
ores contain either fine- or coarse-grained
chlorite closely associated with talc. Both fine-
or coarse—grained chlorites are often finely in-
terleaved with talc or phlogopite. The inter-
leaved texture can be easily observed under
the electron microscope (Fig. 3D).

5. Talc-phlogopite—chlorite rock: This rock
is pale to dark brown in color. In some speci-
mens, phlogopite is partially altered to chlorite
and closely associated with talc and/or chlorite



Chemistry of Talc Ores in Relation to the Mineral Assemblages

S S
rz20 . 00p HAF N " . 1S5 .0kt

Fig. 3. Scanning electron micrographs of six ore types. A. Serpentine, showing flaky morphology of
antigorite. B. Serpentine-talc, showing poorly crystalline talc, which is formed from serpentine. C. Talc, showing
well crystalized tabular morphology of talc. D. Talc—chlorite, showing interleaved coarse-grained chlorite and
talc. E. Talc-phlogopite—chlorite, showing closed associated talc, phlogopite, and chlorite. F. Talc-tremolite-chlo-
rite rock, showing prismatic tremolite having well-developed cleavage.

(Fig. 3E). pale to dark green in color. Tremolite occurs
6. Talc-tremolite—chlorite rock : This rock is in acicular or fibrous form. Occasionally, pris-
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matic tremolite having well-developed cleavage
is observed (Fig. 3F).

The above ore types usually contain euhe-
dral rhombs of magnesite or dolomite. The car-
bonates make up as much as 46 percents of
the rock. Some specimens are composed of
talc, chlorite, phlogopite, tremolite, and carbon-
ates in various proportions.

Chemistry of Tale Ores

Fig. 4 shows the chemical variation of talc
ores together with one gneiss in the AlO+FeO-
MgO diagram. Samples of six ore types are
plotted on a limited range of AlO; content and
very narrow range in MgO/(MgO+FeO). Ser-
pentine, serpentine-talc, and talc rocks are
grouped within a very narrow range of chemi-
cal variation. Gneiss sample, which was sam-
pled near the talc ore body, shows very low
MgO/(MgO+FeO) ratio and high ALO: content
in contrast to the talc ores. However, the
chemistry reveals that chemical compositions
of talc ores show a tendency approaching to-
ward that of gneiss with increasing of chlorite,
phlogopite, and tremolite contents. Such chemi-
cal trend of talc ores indicates that the forma-
tion of chlorite, phlogopite, and tremolite has
been related to gneiss and the chemistry of
talc ores containing chlorite, phlogopite, and
tremolite might have been affected by other
environment as well as ultramafic protolith.

Rare earth element (REE) patterns for the
serpentine, serpentine-talc, and talc rocks are
presented in Fig. 5. Other rock types contain-
ing much amount of chlorite, phlogopite, or
tremolite were excluded from this figure. Rare
earth element concentrations were normalized
to the values based upon average CI chondrite
(Boynton, 1984). The rare earth elements are
relatively immobile during low-grade meta-
morphism, weathering and hydrothermal alter-
ation (Rollinson, 1993 ; Michard, 1989). There-

ALO,

FeO . ) Mgo

Fig. 4. Chemical variation-of talc ores in AlO+
CaO~(FeO+Mg0O) (wt%) system. Symbols are the
same as in Table 1.
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Fig. 5. Chondrite-normalized REE patterns for
the serpentine (), serpentine-talc (C), and talc
(D) rock.

fore, they can faithfully represent the original
composition of the unaltered parent materials
and a fair degree of confidence can be placed
in the significance of peaks and troughs and
the slope of an REE pattern. However, the
REEs are not totally immobile, and there
should be cautions in interpreting the REE
patterns of heavily altered or highly metamor-
phosed rocks (Humphries, 1984). As shown in
Fig. 5, the REE patterns of three ore types
with respect to the alteration from the serpen-
tinite to talc ores show the similar trend, sug-
gesting that the REE contents are not affected
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Table 2. Mean elemental ratios and standard deviations of six ore types and one gneiss.

Lithology ~ analyses  1000A1OYCr 1000ALO/Ni 1000AIOYCo 1000TIO/Cr  1000TIO/Ni 1000TiO/Co 1000Zr/Cr 1000ZNi Zr/Co  Cr/Ni  NifCo

SIp 9 0440 386 106 0011
(0241) (185) (53) (0007)
srptlc 12 0658 527 154 0011
(0365) (283) ®7) (0010)
tale 7 9 431 144 0016
(0441) (302) (107) (©010)
talc-chl 8 1015 607 198 0017
©195) 69) 2) ©o12)
talc-phic 3 4693 2617 903 0.106
(4841) @174) (774) ©115)
talctrm—¢ 3 2883 1936 580 0033
(2342) (1079) (208) 0026
gneiss 1 2314 646.1 8l6.1 1398

0013 0278 0389 0419 0009 1343 213
©o8) Qi) ©358)  ©320) ©oor)  ©627) (13)
0013 0254 0618 0700 0014 1124 211
©o13)  ©231)  (Oc48)  ©784) Qo150 (©172) (19
0009 0191 1302 0689 0015 0778 209
©003) o) (3s)  ©612) 0014 489  (15)
0016 033s 0815 0760 0017 0904 215
©012)  (©231) (4% (400 (©012)  (©0%)  (3)
0131 2016 4661 5839 0085 1183 197
©i47) (88D 19D G819 (01090  ©105)  (78)
0037 0857 1008 1.149 0027 1094 20
009 ©s42) 3 s ©o15) (419 (23)
195 493 90672 126563 320 13% 25

Standard deviations are in parentheses

by hydrothermal alteration for the talc forma-
tion. The most interesting characteristic feature
of the REE patterns of the talc ores is their
LREE enrichment pattern. Wee et al. (1994)
suggested that the LREE enrichment character-
istic of the ultramafic rocks from the Chungnam
province including this study area is resulted
from the mixture of two geochemically distinct
components ; one is depleted residual mantle
material and the other is for the abundant in-
compatibie elements and LREE enrichment.
Curtis and Brown (1971) and Sanford (1982)
showed that elements Cr, Ti, and Zr were es-
sentially immobile during the alteration of ser-
pentinite to talc and sharp discontinuities in
Cr/Ti, Cr/Zr, Cr/(Fe+Mg), and Ni/(Fe+Mg)
were observed at the boundary between the
ultramafic protolith and country rock even
though extensive migration of Mg, Ca, and Si
had taken place producing characteristic black-
wall metasomatic zones. In addition, they showed
that concentration discontinuities of AlO; and
Ni corresponded to those of Cr, Ti, and Zr.
Using the immobile element ratios of AlOYCr,
Zr/Cr, Ti/Cr, and ALO/Ni in the blackwall-
type zones, Linder et al. (1992) concluded that

these zones resulted from mixing of pelitic and
serpentinite-bearing material, with later modify-
ing metasomatism. In the present study, the
ratios among these immobile elements were
used to compare the chemistry of six mineral
assemblages and the granitic country rock.
Although the volumetric concentration of im-
mobile elements may change during metamor-
phism and/or hydrothermal altera-tion, the
ratio of any two immobile elements will not
change and will, therefore, reflect the ratio of
the immobile elements in the protolith. Eleven
independent immobile element ratios have
been calculated for each of the six mineral as-
semblages as well as for the unaltered granitic
gneiss. The elements were selected by their
known immobile characteristic; AlOs;, TiO.,
and Zr for the granitic rocks and Cr, Ni, and
Co for the ultramafic rocks. Table 2 gives the
mean and standard deviation of the measure-
ments of these ratios for the mineral assem-
blages. The data in Table 2 show that serpen-
tine, serpentine-talc, talc, and talc—chlorite
rocks have similar immobile element ratios,
whereas talc-tremolite—chlorite and talc-phlogo-
pite-chlorite rocks have immobile element ra-



Geon-Young Kim - Soo Jin Kim

tios distinctly different from other ore types es-
pecially in the ratios related to AlQ;, Zr, and
TiO.. Discontinuities in element ratios coincide
with changes in mineralogy. Ratios related to
AlQ;, TiO,, and Zr are distinctly higher in as-
semblages that contain tremolite, phlogopite
and/or chlorite. Because the concentrations of
Ti, Al©;, and Zr are higher in the country
rock (granitic gneiss) and Cr, Ni, and Co are
higher in the serpentinite, it can be concluded
that the composition of the hydro-thermal solu-
tion related to the formation of tremolite,
phlogopite, and some chlorite might be affected
by granitic gneiss, which surrounds the talc ore
body. The large standard deviations associated
with their mean ratios reflect the wide range
in the ratios and the non-normal distribution
of their values.

The isocon diagram method

Gresens' (1967) basic equation and method
of graphical solution for the composition-vol-
ume relations in metasomatic alteration have
been widely applied in many studies of
hydrothermal alteration (Appleyard, 1980 ; Gib-
son et al, 1983; Morton and Nebel, 1984). His
equation is for the calculation of gains and
losses from chemical analyses and specific
gravities of altered and unaltered equivalents,
both minerals and rocks. Grant (1986) rear-
ranged Gressens’ equation into a linear rela-
tionship between the concentration of a com-
ponent in the altered rock and that in the
original (equation (D). This is a simple solution
for analyzing changes in mass and concentra-
tions during metasomatism.

M()
M»\

cr=(M)co @

C!and C? :concentrations of component i
in the altered rock sample and
the parent rock sample

M* and M”:mass of altered rock sample and
parent rock sample

Simultaneous solution of such equations for
immobile components generate a isocon, which
is a straight line through the origin on a plot
of concentrations in the altered rock against
those in the protolith. The isocon is readily de-
termined by calculating the best fit line
through a series of points. This implies that
the components used to define an isocon have
been relatively immobile during alteration. The
equation of the best-fit isocon is :

M()

e (M

) co @
The slope (M“/M?") of the isocon defines the
mass change in the alteration, with a slope
greater than one indicating an addition of
mass during metasomatism and a slope less
than one indicating loss. Deviations of data
points for all other components from the refer-
ence isocon define the concentration changes
for the corresponding components. Immobile
components during metasomatism construct an
isocon and the relative gains and losses of mo-
bile components are then read from the graph.

Fig. 6 shows the isocon diagrams for the
talc ores having various mineral assemblages
where the fresh serpentinite (serpentine ore
type) is taken as the protolith. The data for all
components are scaled as shown and plotted
as weight percent of oxides for major elements
or as ppm for trace elements. The isocons in
Fig. 6 are the best fit lines for the relatively
immobile elements which show a linear rela-
tionship through the origin on the diagram. As
shown in Fig. 6, all the slopes of the isocons
are less than one, therefore 8~41% masses
have been added during the alteration for the
talc formation. On the basis of this isocon
method, concentration changes of various ele-
ments for the five ore types are shown in
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Fig. 6. Isocon diagrams for the talc ores having various mineral assemblages in the study area. The

protolith is the fresh serpentinite. The data for all components are scaled as shown. The solid lines are the best

fit for the relatively immobile elements. The dashed

lines show equal abundances in protolith and metasomatic

products. A. serpentine-talc B. talc C. talc—chlorite D. talc-tremolite-chlorite E. talc-phlogopite—chlorite.

Table 4 and graphically displayed in Fig. 7.
The gain of SiO: is between 12 and 78 percent
and those of AlQ;, CaO, and KO are drasti-
cally changed according to the mineral assem-
blages. The gain of KO in talc-phlogopite-
chlorite rock is very high because KO con-
tents of non-phlogopite-bearing rocks are too

low. Especially, the gains of the granitic com-
ponents such as KO, POs, AlQ;, Zr increase
according to the addition of chlorite, tremolite,
and phlogopite into the protolith, but the gains
of SiO, are not affected by mineral assemblag-
es. It means that the vast amount of SiO. was
mostly from the hydrothermal solution origi-
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Table 3. Averaged mineral contents™® of six ore types.

Ore types “Srp Srp-Talc Talc
[No. of analysis] [9] (12] (71
Lizardite 879 532 39
Talc 39 271 81.2
Chlorite 0.1 36 49
Phlogopite 0.0 00 0.1
Tremolite 00 00 00
Magnesite 58 9.1 0.0
Dolomite 23 6.5 64
Calcite 0.0 05 35
Albite 00 00 00

Talc-Chl  Tale-Trm-Chl  Talc-Phl-Chl

I8 3] [3]
00 00 00
708 292 542
143 314 215
02 04 148
00 39.1 00
00 00 00
130 00 74
17 00 00
00 00 22

* These were analysed by X-ray quantitative analysis using SIROQUANT program.

** fresh serpentinite selected as parent rock

Table 4. Concentration changes of various elements for the five ore types corresponding to bestfit isocon

of immobile elements.

Ore types Srp-Talc Talc TalcChl  Talec-Trm-Chl  Talc-Phl-Chl
[No. of analysis ] [12] [ Y ) B
Slope of isocon C'=093C" C'=080C"  C'=082C"  C'=08IC°  C'=07IC"

Components o ' 7 4(319177 . o

SiO, B 012 071 0.54 063 078

ALO, 035 040 092 523 8.55

Fe; -001 -0.16 018 006 025

TiO. 028 -028 025 221 7.06

MnO 029 026 006 0.56 1.18

CaO 192 361 587 476 321

MgO -003 -004 -009 009 007

KO 022 126 083 562 158.72

PO; 012 -0.10 092 049 11.03

Cr 014 039 029 -008 008

Co 003 005 005 009 013

Ni 003 003 005 0.16 006

Zn 008 -005 038 031 1.57

Zr 0.18 072 085 204 946

MYM° 1.08 125 1.22 123 141

nally and the composition of hydrother-mal so-
lution for the formation of other minerals was
locally affected by granitic gneiss. The additon
of granitic components into the hydrothermal
solution was probably occurred mainly in the
contact zone between serpentinite and granitic
rock. It is evidenced by the fact that black

talc ores containing a large amount of chlorite,
phlogopite, and tremolite are mainly found at
the boundary between talc ore body and sur-
rounding metamorphosed granitic rocks. Miner-
al contents of the five lithological groups are
shown in Table 3, also. The talc-phlogopite-
chlorite rock contains albite (Table 3) and the
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Fig. 7. Enrichment-depletion diagram showing
the enrichment factors for the selected elements of
the talc ores against the fresh serpentinite.

gains of AlQ; and Zr in that rock are much
higher than any other types (Table 4), which
are also good evidences of external introduc-
tion of granitic material for the formation of
phlogopite. Therefore, SiO., Al.O,, CaO, and
KO were gained from the hydrothermal solu-
tion or granitic rocks surrounding the protolith.
The main talc ore body which consists of talc
and some chlorite was formed by the reaction
between serpentinite and silicic hydrothermal
solution, and at the border zone, the addition
of ALO;, Ca0, and KO from the granitic rock
resulted in the formation of chlorite, tremolite,
and phlogopite, respectively. Ni, Co, and MgO
remain essentially immobile during metasoma-
tism and form a linear array through the ori-
gin with defining a best-fit isocon in Fig. 6,
and Fef; also fall on the isocon except the
phlogopite-bearing rock. This suggests that
MgO and Fe; were not lost or gained and
Mg/Fe ratio of protolith have been preserved
during steatitization. Therefore, the vast amount
of MgO needed for the formation of the large
talc deposit in the study area did not come
from the external source such as hydrothermal
solution, but existed originally in high magne-
sian pro-tolith, ultramafic rock. Because of the
high MgO condition of protolith, chlorite, mica,

and amphibole having Mg-end member chem-
istry have formed with talc by addition of
AlQ;, KO, and CaO, respectively, from the ex-
ternal environment to the parent rock, so the
chemistry of these minerals shows two types:
talc-related type having very high Mg/Fe ratio
and talc-unrelated type having wide range of
Mg/Fe ratio (Kim and Kim, 1995). Through
the steatitization of serpentini-tes, the extrane-
ous hydrothermal solutions often became par-
tially more siliceous because of accompanying
chloritization and carbonatization, thereby pro-
moting steatitization. Where these processes
were assisted by corresponding metasomatic
addition of AlQ;, CaO, KO and iron from the
external environment, mainly at the border
zone of the main talc ore body, the chlorite,
chlorite-tremolite, and tremolite-phlogopite con-
taining rocks were for-med together with talc
during the late stage of steatitization.

CONCLUSIONS

The mineral assemblages of the alteration
zone in the Yesan-Gongju-Cheongyang talc de-
posits are the serpentine, serpentine-talc, talc,
talc-chlorite, talc-phlogopite-chlorite, talc-trem-
olite—chlorite rocks.

The REE patterns for the serpentine, ser-
pentine-talc, and talc rocks, which are related
to the main formation of talc from the serpen-
tine, show the similar LREE enrichment trend,
suggesting that the REE patterns are not affect-
ed by hydrothermal alteration for the talc for-
mation. For the formation of talc ore from ser-
pentinite, some addition of granitic components
to the serpentinite took place. Data of immo-
bile and trace elements ratios and the result of
the chemical calculation using isocon method
with relation to the mineral assemblages sup-
port the hypothesis that these talc ore bodies
resulted from the simple metasomatic altera-
tion by hydrothermal solution. But the hydro-
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thermal solution was affected by granitic rock
in the limited region, as the most likely expla-
nation for the mineralogical and chemical vari-
ability in the study area. Therefore, talc ores
containing large amount of chlorite, phlogopite,
and tremolite are largely localized along the
margin of the talc ore body. It is because AlO;
KO, and CaO necessary to form chlorite,
phlogopite, and tremolite, respectively, are
available there either from the granitic rock or
incoming solutions.
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