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ABSTRACT : Two illite polytypes, 2M. and 1M, have been identified from the sericite depos-
its of the Bobae mine, Kimhae, Kyungsangnam-do. Each polytype has characteristic grain size,
chemical composition, and occurrence. 2M, illite occurs predominantly in the sericitic alteration
zone, while 1M, illite occurs predominantly in the propylitic alteration zone, implying that the
former was formed in the higher temperature than the latter. lllites can be subdivided into'two
types based on their crystal sizes; (1) the um-sized illite which is below 0.01mm(100um) in size and
consists of 2M, and IM, type, (2) the mm-sized illite which is above 0.0lm in size and consists
only of 2M, type. Especially illite below 1um is premominantly of IM. type. Therefore, it seems
likely that illite crystal size is to some extent related to the polytype. XRD data show that there
is no interstratified layer in illites regardless of the crystal size and polytype.

Activity of muscovite component of the /m-sized illite is 0.843 while that of the mm-sized illite
is 0.790. However, the latter is more similar to muscovite in crystal structure than the former is.
The mm-sized illite has less Al and more K than the un-sized illite. In both illites, Si contents
show a positive relation to octahedral Mg. Fluid inclusion study and mineral association show
that the formation temperature of illite is 270-330°C. The major chemical processes leading to the
formation of sericitic deposit as well as the alteration zones are the leaching of SiO. from the
country rock and the addition of ALO; and K,O into the sericitic ores.
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INTRODUCTION

The term sericite often used in economic geol-
ogy or petrology refers to fine-grained micaceous
minerals such as illite, phengite and mixed-lay-
ered illite/smectite. There has been much ambi-
guities in the nomenclature of such fine-grained
micas because of complexity in chemical compo-
sitions forming solid solution relationships.
Phengite, by definition, is composed of two end-
members, that is, muscovite and celadonite,
whereas illite has two end-members, that is, mus-
covite and pyrophyllite. Most natural illitic mate-
rials, however, appear to contain multi-phase
components such as muscovite, celadonite, pyro-
phyllite, and paragonite (Aagaard and Helgeson,
1983). The term ilite used here, as recommended
by Srodon and Eberl (1984), denotes non-expand-
able, dioctahedral, fine-grained white mica with
less K than muscovite.

Hydrothermal illite in the geothermal system
has been studied extensively because it can be used
as a direct evidence for thermodynamic character-
istics of mineral formation and reaction between
fluids and country rock (Lonker and Fitz Gerald,
1990; Bishop and Bird, 1987). Alternatively,
hydrothermal illite ocurring near the fault fracture
zones with high permeabillity is also important be-
cause it may reflect alteration process related to
hydrothermal fluids. It is generally recognized that
hydrothermal illite shows transformation from 1M;
to 2M: type to be stable with increasing tempera-
tures (Srodon and Eberl, 1984; Velde, 1985).

The sericite deposit in the Bobae mine has
been formed by hydrothermal alteration of vol-
canic rocks by intrusion of granodiorite. The
mine produces about 36,000 tons of crude ores a
year.

The purposes of the study is to investigate
the mineralogical characters of hydrothermal il-
lite and the formation process of the sericite de-

posit.

METHODS OF STUDY

Pure monomineral samples were prepared
by handpicking under stereomicroscope and then
by centrifusing powdered samples in distilled
water. X-ray diffraction analysis was primarily

carried out on both random and preferred orient-
ed samples for mineral identification. Heating ex-
periment and etylene glycol saturation treatment
were also performed on the oriented samples.

Unit cell parameters of pure monomineralic
samples were calculated using the LSUC pro-
gram. Automatated X-ray diffractometer, Rigaku
Model Rad-3C with Cu target and Ke radiation,
was used for X-ray analysis.

Chemical analyses were performed using an
electron microprobe, JEOL JAX-733. Polished thin
sections were analyzed at 15kV with beam current
of 10mA and beam diameter of 10um XRF analyses
was performed on bulk rock samples.

Textural relations were studied using a polariz-
ing microscope and a scanning electron microscope
(SEM). Powdered samples were observed using a
JEOL JEM 200CX at 200kV. Fluid inclusion was
studied on double-polished sections using USGS
type Gas Flow Freezing and Heating System.

RESULTS
Geology of Ore Deposits

Rocks near the Bobae mine consists mainly
of the Late Cretaceous rhyodacitic tuff belonging
to the Yucheon group, and the Early Tertiary
granodiorite (Fig 1). Rhyodacitic tuff is widely
distributed in the northern part of the Bobae
mine area, while granodiorite intruded the
rhyodacitic tuff in the southern part of the area.

Rhyodacitic tuff is generally grey and/or
greenish grey, but it is unsually greyish white in
some area due to hydrothermal alteration. Tuff
breccia is locally found in tuff. Rhyodacitic tuff
often shows welding structure in which flattened
glassy clasts called fiamme exist (Fig. 2-A). Ac-
cording to the classification by Schmid(1981),
rhyodacitic tuff is classified into crystal tuff,
which coriists chiefly of crystal grains with sub-
ordinate vitric and lithic fragments. It is generally
agreed that crystal tuff is produced by both mag-
matic and phreatomagmatic eruptions (Cas and
Wright, 1987). Tuff shows the spherulitic texture
due to devitrification. Flow structures are com-
monly observed. Most crystal fragments are
quartz, K-feldspar and albitic plagioclase, where-
as the matrix is composed of glass and fine-
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Fig.2. Photographs of handspecimens showing various textures. ) N
(A) Welded tuff showing the fiamme structure in the propylitic zone. (B), (C) Altered rock samples in the propylitic

zone. (D) Sericite ore in the sericitic zone. Symbols are as follows : A= Andalusite; C=Chlorite;Q=Quartz
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grained plagioclase. Quartz crystals show
euhedral to anhedral forms. The resorption em-
bayments are observed in some quartz and feld-
spar grains.

Sericite deposit of the Bobae mine is found as
a massive body in rhyodacitic tuff. It is apparent
that the country rock has been changed to the
sericitic ores by the hydrothermal alteration that
is presumable related to intrusion of granodiorite.
The size of the ore body inferred from field study
is roughly 250X 800m. The sericitic ore body has
the form of a long ellipse in NS direction.

Wall-Rock Alteration Zones

The country rocks around the sericite ore
body was altered extensively by hydrothermal so-
lution. It seems that the wall-rock alteration took
place more or less irregularly. Therfore, it is diffi-
cult to define precisely the boundaries of altera-
tion zones. The degree of hydrothermal alteration
decreases gradually from the ore body toward the
country rocks.

Two alteration zones are recognized based on
mineral assemblages. They are sericitic and
propylitic zones. The boundary between the
pyropylitic zone and unaltered country rocks is
gradational.

Propylitic zone: The rocks of this zone is
usually greenish grey and consists of chlorite,
quartz, clinozoicite, illite, pyrite, feldspars and
amphibole. Illite is occasionally associated with
chlorite and albite. Chlorite is common and oc-
curs as open-space fillings, and it replaces amphi-
bole in places (Fig. 2-B). Minor pyrite is widely
disseminated within the matrix of tuff. Albite
crystals whose composition is in the range of An,_;
Abg.-¢ are partly alterd to micron-size illitic min-
erals (Fig. 3-A). Clinozoicite replaces amphibole
and plagioclase, and it also occurs in veinlets. The
width of the propylitic zone is wider than 1.5km.

Sericitic zone: Illite is the major constitu-
ent mineral of this zone (Fig. 3 and Fig. 4). Minor
amounts of quartz, albite, pyrite, andalusite, pyro-
phyllite, apatite, and tourmaline are commonly
associated. Main sericite ores are found in the
middle of this zone. The zone exhibits various dif-

ferent colors and textures in accordance with
mineral assemblages. The distribution of colors
and textures of ores is so irreguiar at small scale
that each unit of characteristic ores cannot be
shown on the map. The rocks of the sericitic zone
can be subdivided into three subzones according
to mineral assemblages;(1) illite-andalusite
subzone, (2) illite-pyrophyllite subzone, and (3) il-
lite-albite subzone.

The illite-andalusite subzone is characterized
by greenish white and pink color. Especially the
greenish white part of ore consists entirely of il-
lite. Well-crystallized illite with the size of 0.5-1.0
mm are occasionally associated with pink andalu-
site whose crystal shape can sot be recognizable
under the naked-eye. The illite-pyrophyllite
subzone is brownish grey and consists mainly of
illite, quartz and pyrophyllite. The illite-albite
subzone is white or light grey in color and consists
of illite and albite. Albite occurs mainly as vein-
lets with the width of 5-20cm cutting the main ore
body in random directions.

Illite occurs in two different textural types.
They are relatively coarse-grained illite (called
the mm-sized illite in the following) and relatively
fine-grained illite (called the um-sized illite in the
following). The former is 0.01-0.1mn in size, where-
as the latter is a few un in size (Fig. 3). Both types
of illites occur as compact massive aggregates in-
dependently or as a mixture of both. In the mix-
ture of both illites, their contact boundary is
sharp and/or gradational. Illite aggregates are
usually surrounded by fine-grained quartz aggre-
gates in the quartz-rich rocks (Fig. 3-D).

Polytypes and Crystallinity of Illite

Two illite polytypes were identified by X-ray
diffraction. The mm-sized illite (above 00lum)
consists of 2M: polytype, whereas the micronsized
illite consists of 2M, and 1M types. The micron-
sized illite below 1um is composed mainly of 1M
type with trace 2M.. But it is impossible to distin-
guish 2M; and 1M; individually because they are
in the fine mixture. Lonker and Fitz Gerald (1990)
described that there is no distict difference in mor-
phology in transformation of 1M, type to 2M;
type. The present study shows that the structure of
illite has a tendency to change with crystallinity.
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Fig.3. Photomicrographs of typical minerals in the alteration zones. (A) Plagioclase and sericitic mineral. (B) Kfeld-
spar (center) and quartz (C) Andalusite (center) and illitic minerals. (D) Fine-grained quartz surrounds illitic minerals. (E)
The mm-sized and umr-sized illites. (A) and (B) are in the propylitic zone, (C), (D) and (E) in the sericitic zone.

Fig.4. SEM photographs of illites in the sericitic zone.
(A) A large muscovite in the matrix of fine-grained illite. (B) Illite flakes associated with andalusite and quartz (C)
Backscattered-electron image showing andalusite (dark grey) and illite (light grey). Symbols are as follows: A= Anda-
lusite; I=1llite; M =Muscovite; Q =Quartz
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Tablel. Polytype proportion of illite in the
alteration zones from the Bobae mine (by XRD).

IM M, Sample No.

Propylitic  70% 30% Cl-3

zone 43 52 C20-8

57 43 Cc2-27

62 38 C2-95

46 54 C2-96

Sericitic 5> >95 B7-33
zone 5> >95 B35
5> >95 B36

Table2. Characteristics of the basal spacing of illite.

Sample  d(001) E.G{001) *Ir KL
J-3 10.179 10297 1.197 021
J-4 10.109 10297 1.045 022
J-11 10.120 10297 1.166 020
K-8 10097 10097 1.166 021
B7-22 10.120 10097 1022 026
B7-32 10202 10.120 1025 0.55
B7-33 10029 10086 1.300 025
B8-3 10.120 10.107 1.246 028
B8-5 10.086 10086 1.116 045
B-36 10.120 10202 1.127 021
C3-88 10086 10.109 1026 025
Mean 10.111A 10.161A 1042 028

*Ir =1001)x % (003)e/1(001 Jus X (003) ™K I=Kubler Index

Fig.5. TEM image of lattice fringes shows regu-
lar stacking of layers of illite. Scale bar at the bottom is
100A long

The ratio of 2M; to 1M types in illite which
were calculated following the method of Maxwell
and-Hower (1967) indicate that the proportion of
2M; type as well as crystallinity increases from
the propylitic zone toward the sericitic zone
(Table 1). lllite in the high-grade sericite ores is
exclusively of 2M, type.

Saturation with ethylene glycol on oriented
sample does not cause increase in basal spacing
of illite, indicating that there is no interstratified
layers in illite. Such result is also evidenced by In-
tensity Ratios and Kubler Index (Table 2) and by
observation of lattice fringe image by TEM (Fig.
5). The refined unit cell parameters of the 2M; il-
lite from the sericitic zone are caltulated to be a=
5179A, b=9.006A, ¢=20059A and (=9576".
The d(001) value is much similar to that of illite
defined by Srodon and Eberl (1984). Hunziker et
al. (1986) show that the value of the b-parameter
increases with increasing of illite crystallinity and
that illite is transformed to muscovite with in-
creasing degree of alteration or grade of diagene-
sis. The b-parameter having 9.006A of illites in
this study is close to the b-parameter of illites
transforming to muscovite reported by them.

It is difficult to define the difference between
the structures of 2M, illite and muscovite, because
both minerals show nearly similar Kubler index
values. This problem will be discussed in the fol-
lowing section.

Mineral Chemistry of Illite

It is generally acknowledged that illite is en-
riched in Si and deficent in K relative to musco-
vite. The data of chemical analyses of representa-
tive illites are given in Table 3. The net layer
charge calculated, if we assume that Fe is diva-
lent, shows little discrepancy as compared to the
typical case. Therefore, all Fe in illites given here
is assummed to be FeO. Table 3 shows that chem-
ical compositions have a close relationship to the
crystal sizes and occurrences. All samples analy-
sed are plotted on the field of illite composition in
the Veldes diagram of MR*-2R*-3R’ (Fig 6).
Based on 11 oxygens, the mm-sized illite has gen-
erally 3.04 Si and 0.90K, whereas the um-sized illite ,
has commonly 3.02 Si and 0.88K.
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Table 3. Electron microprobe analyses of illites from the Bobae mine.

C20-5(A) C20-5(B) C20-8(A) C20-8(B) Ki13-3 B10-2 J-4
SiOo, 45481 46.195 44352 46.197 44.624 43994 46.134
ALO; 38231 35511 36.644 35057 33423 37.195 37.591
TiO: 0.107 0.725 0.321 0943 0219 0014 0.180
Cr0O; 0050 0,093 0.000 0307 0.000 0.063 0.000
FeO 0298 0.798 0.849 2284 3.908 0.143 0496
MgO 0.000 1.162 0.165 1011 0.886 0016 0.000
MnO 0.007 0.142 0.000 0.000 0034 0010 0.143
CaO 0071 0029 0071 0032 0007 0.000 0045
NaO 0476 0471 0.395 0383 0.521 0573 0324
K0 10.365 10.707 9956 10457 10.133 10.039 9.902
Total 95.082 95.857 92751 96.671 93,760 92.047 94715
Numbers of cations on the basis of O(OH).
Si 3010 3056 3017 3059 3063 3.007 3055
Al 0990 0944 0984 0951 0938 0994 0946
ZTet. 4000 4000 4.000 4.000 4000 4,000 4,000
Al 1.994 1.835 1954 1777 1.767 2003 1.988
Ti 0.006 0038 0017 0047 0012 0.001 0.009
Cr 0.002 0.005 0.000 0032 0000 0.004 0.000
Fe 0017 0044 0.048 0.126 0225 0.008 0028
Mg 0.000 0.115 0017 0.100 0.091 0.002 0.000
Mn 0004 0.008 0000 . 0.000 0.002 0.001 0.008
0ct. 2019 2044 2035 2066 2095 2017 2032
Ca 0.005 0.002 0.005 0003 0001 0.000 0003
Na 0061 0061 0052 0.049 0079 0076 0042
K 0876 0904 0.864 0.881 0.887 0.876 0.828
2lnt. 0942 0967 0921 0932 0957 0952 0873
Tet. ~-0.990 —0944 —0984 —0951 —0938 —099%4 —0.946
Oct. 0044 0003 0057 0018 —-0021 —0.040 0070
Int. 0.947 0969 0926 0935 0958 0952 0.876
Charge 0.001 0028 —0001 0002 —0001 —0.002 0000

Note:K13-3 (Fe-rich illite) in the propylitic zone, and others in the sericitic zone. B10-2 sample in the greenish ore.
(A) denotes the ;m-sized illites, whereas (B) denotes the mm-sized illites.

Fig 7 is the plotting of chemical analyses of
illites on a diagram of M™-4Si-R”". It shows that
the mm-sized illites with higher octahedral diva-
lent cation and interlayer K content are plotted
on the inner part of the diagram apart from the
area of the um-sized illites. The um-sized illites lie
on the area closer to muscovite. Phengitic illite
(sample No. K13-3 from the propylitic zone) en-
riched in Fe is high in tetrahedral Al (094) and
relatively low in the content of interlayer K(0.88)

(see Table 3). This phengitic illite is high in octa-
hedral divalent cations;(Fe+Mg) is 0.32. Thus, it
is plotted on the area toward phengite. Al-rich il-
lite (sample No. B10-2) associated with andalusite
has 099 tetrahedral Al which is the highest value
among illites studied. On the other hand, it has 0.
87K in interlayer which is the lowest value in
illites. The formation temperature of this sample
is estimated to be highest in the present study. It
seems clear that substitution of Al for Si in the
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2R*® 3R?

Fig.6. Representation of illite compositions in
MR*-2R*3R’coordinates near the muscovite composi-
tion(M). Solid circles are the mm-sized illite and open
circles are the /m-sized illite, respectively.

M+

l(l)o ) y T ol
. 50
4Si

Fig.7. Compositions of illites plotted on a M*-4Si-
R** diagram after Meunier and Velde (1989). M* is the
layer charge, 4Si is the maximum Si content of the tet-
rahedral site, and R*" is the total number of divalent
cations in the octahedral site. A square is ideal musco-
vite, open circles are the un-sized illite, solid circles are
the mm-sized illite, and triangles are phegitic illite.

tetrahedral site depends to some extent on
temperatiire at which illite was formed.

Although the mm-sized illite is very similar
to muscovite in its K contents, the chemistry devi-

ates considerably from that of ideal muscovite. In
contrast, the composition of the um-sized illite ap-
proaches to that of ideal muscovite in chemical
compositon. This is because even though the mm-
size illite has high K it also has relatively high Fe
and Mg Thus it is slight different from ideal mus-
covite. The chemical composition shows that di-
valent octahedral cations such as Fe and Mg also
play an important role in the total layer charge.
Although the mm-sized illite has less Al in the tet-
rahedral site than the im-sized illite, the former
has more K in interlayer due to higher contents
of octahedral Fe and Mg which slightly contribut-
ed to total layer charge. Such result is not com-
monly found in the literature. Substitution of Al
for Si is still largely responsible for the net layer
charge deficiency in illite.

Si contents increase with increasing octahe-
dral Mg as shown in Fig. 8. This implies that less
Al substitution for Si in tetrahedral sites causes
the illte structure to shift from an initial diocta-
hedral form toward a trioctahedral one enriched
in Mg Al is most predominant cation in octahe-
dral sites. Octahedral Al has a negative relation-
ship to Fe and Mg. Tetrahedral Al has nearly
constant values independent of mole fractions of
K in the interlayer. These results also suggest that
higher K contents of the mm-sized illite relative
to the um-sized illite is partly due to its high con-
tents of octahedral Fe and Mg,

Based on chemical composition and struc-
ture, activity calculation was performed. Such an
approach has been made by many workers
(Aagaard and Helgeson, 1983;Helgeson and
Aagaard, 1985;Bird and Norton, 1981;Stoessell,
1979, 1981, 1989). Aagaard and Hegeson (1983)
shows that the M(1) sites are essentially vacant in
dioctahedral micas while the M(2) sites are ho-
mological and completely filled.

Natural illite and/or muscovite are com-
posed of muscovite, pyrophyllite, celdonite, pa-
ragonite and margarite components. The charac-
teristics of solid solution components are depen-
dent on atoms occupying specific sites. Illite is
considered here as having ideal mixing of atoms
on equivalent crystallographic sites of the solid
solution. The ideal mixing of atoms only refers to
random mixing of atoms for which the inter-
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Fig.8. Chemical relationships among various cations in illite.
(A) Si increases with increasing octahedral Mg (B) Octahedral Al is in a negative relationshiop to Fe plus Mgin oc-
tahedral sites. (C) Tetrahedral Al is nearly constant with X« (mole fraction of K in interlayer).

change energies are zero, with complete disorder.
If ideal. mixing of atoms occurs on all the sites in
a solid solution, then activity coefficient of the j-
th atoms on the s-th crystallographic sites in a
solid solution, 4. ; becomes unity for all values of j
(atoms) and s (crystallographic sites). According-
ly, this results in the following,

- Vs.y Vs.|
a=kIl I (X4 = kIII(X.),
s J s J

where k represents standard normalization con-
stant for the i-th component and 1 ; denotes stoi-
chiometric numbers of the s-th crystallographic
sites occupied by the j-th atoms in a solid solu-
tion. X;. . represents mole fraction of atoms in
which subscripts are the same meaning as de-
scribed above.

In the calcultion of activities of muscovite
and pyrophyllite components, it is assumed that
there is no interstratified layer in illites. Such an
assumption is relatively consistent with the XRD
and TEM data illustrated earlier. It is also as-
sumed that pyrophyllite component is perfectly
ordered and that muscovite component is com-
pletely disordered. Only Si, Al, K atoms are con-
sidered as participants controlling activities in
the mineral system studied.

For pyrophyllite component, a,,=(Xv, 1) (Xa!
waf (Xsi. 7 where v denotes vacancy. X is mole
fraction of atoms and subscript stands for struc-
tural sites of atoms. For example, first bracket is
mole fraction of vacancy in A-site of interlayer

and second bracket is mole fraction of Al in M(2)
site of octahedral sites.

For muscovite component, it follows that an.
=94815(Xk, ») (Xa. vof Xu 1) (Xs:. 1), where 9.
4815 is the normalization constant from the in-
verse value of Xs’Xu=(075) (025). X denotes
mole fraction of atoms in the site corresponding
to subscript.

The relationship between log a, and log amu
is nearly constant as in Fig. 9. This suggests that
activities of paragonite and margarite excluded
from calculation influence a little the activity of
the other members. If there exisits no Na and Ca
in interlayer, log a.. may be in the negative rela-
tionship to log a,. In general. illite here yields
high values of log am.. (Fig. 9-B). Activity of pyro-
phyllite is in negative relationship to mole frac-
tion of K in interlayer. In general, activity of mus-
covite is related to mole fraction of K and Al

Wall-Rock Alteration Process

Chemical and mineralogical variations be-
tween the sericitic alteration and the propylitic
alteration zones were studied in order to know
chemical processes controlling the hydrthermal
alteration of rhyodacitic tuff. Comparison of
chemical compositions of alteration zones is illus-
trated in Fig. 10. The sericitic zone has high con-
tent of potassium in the initially K-poor volcanic
rock. SiO, decreases with increasing K:O and Al
O, toward the sericitic zone (symbol d) from
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Fig.9. Relationships between activities and mole fractions of cations.
{(A) Octahedral Al is in a linear relationship to activities of muscovite component in illite. (B) Iite has generally
high values of X« and activity of muscovite component. (C) Activity of pyrophyllite component decreases with in-

creasing Xx (mole fraction of K in interlayer).

the country rock (symbol a). Fe:0; and MgO
slightly increase after an abrupt drop in
abundance near the boundary (symbol b) be-
tween the country rock and the propylitic zone.
The high contents of AlO; and KO of the
sericitic zone is largely due to the formation of il-
lite. Considering this result, it is likely that the
rhyodacitic tuff was subject to replacement of
glass matrix and plagioclase by illite and chlorite.
Al increases toward the sericitic zone.

The chemical variation shows that the main
alteration processes leading to the formation of

the sericite deposit and alteration zones are leach-
ing of SiO: from the country rock, and addition of
AlOs and KO into the sericitic zone.

DISCUSSION

Geological features of the Bobae sericite de-
posit indicate that the sericite ore was formed
through the alteration process of acidic country
rocks by hydrothermal fluids which was supplied
from granodiorite intrusion. Temperature is an
important factor controlling the formation condi-
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Fig.10. Variations in chemical compositions of bulk specimens according to alteration zones (a:fresh country

rock, b:propylitc zone, ¢:white-colored ore in the sericite zone, d: high-grade ore with green color in the sericitic
zone). (A) SiO; decreases with increasing ALOs from the country rock toward the sericitic zone. (B) SiO; decreases with
increasing K-O in the same manner. (C) FeO; (total Fe) increases gradually with increasing the alteration degree after
an abrupt decreasing around the boundary of the propylitic zone and country rock.
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tions under which clay minerals were formed.
The ore-forming temperature estimated by
homogenization temperature of fluid inclusions
in quartz is in the range of 270-330C. The highest
temperature estimated is obtained from the seri-
cite-andalusite ores. Temperatures estimated are
also consistent with the range by mineral assem-
blages of illite-andalusite-pyrophyllite in the seri-
cite alteration zone. Walther and Helgeson (1977)
report that the lowest temperature of andalusite
associated with pyrophyllite is around 340C in
the system ALOs-SiO-H:O. Considering the char-
acteristic mineral assemblage and homogeniza-
tion temperatures of associated quartz, the tem-
perature ranges given above may be acceptable
as a formation temperature for the clay deposit.
Velde (1965) suggests that transformation of
IM, to 2M, takes place in the temperature range
of 125-350°C for ideal muscovite. In the sericitic
zone, 2M, illite is predominant while 1M, illite is
negligible. Only 2M, type illite having well-crys-
tallized grains is found in the greenish sericite ore
whose formation temperature is higher relative to
the propylitic zone consisting of predominant 1M,
illite. This means that 2M, type is relatively stable
in the sericitic zone, whereas 1M, is unstable in
this zone. But the relationship of transformation
between polytypes is unknown in the present
study. It appears that transformation of 1M, to
2M; type is usually controlled by temperature.
Hunziker et al. (1986) report that the prograde ev-
olution from 1M, to 2M: muscovite involves a
continuous lattice reconstruction without rupture
of the tetrahedral and octahedral bonds and
changes of the hydroxyl radicals. Lonker apd Fitz
Gerald (1990) show that there exists little differ-
ence in interlayer contents among the polytypes.
Besides temperature, it seems clear that
chemical composition is also an important factor
controlling structural properties of illite. Ro-
senberg et al. (1990) report that the composition
of end-member illites ranges between 0.8K and O.
9K/O(OH), and that expandability of them is 0
%, with I-type ordering, Inasmuch as chemical
composition and structural features of almost all
illites under study exhibit 0.9K/O«(OH), no ex-
pandability and no mixed-layers, it is believed
that illite is I-type ordering rather than ISII-type

ordering.

Activity of muscovite component in the um-
sized illite is 0.843. It is higher than that of the
mm-sized illite having 0.780. But the mole fraction
of K is 0984 in the former, whereas it is 0924 in
the latter. Considering the crystal size and mole
fraction of K, the mm-sized illite is much analo-
gous to muscovite as compared to the um-sized il-
lite. On the contrary, based on activities of musco-
vite component and chemical properties, the um-
sized illite approachs to ideal muscoveite.

CONCLUSIONS

Two hydrothemal alteration zones are recog-
nized in the Bobae sericite deposit;the sericitic
and propylitic zones. The sericitic zone is charac-
terized by 2M, illite and minor andalusite, pyro-
phyllite, and quartz, whereas the propylitic zone
by chlorite, feldspars, clinozoicite, 1M; illite, and
pyrite. Illite occurs as two different grain size;
mm-sized and /m-sized illites. The mm-sized illite
is only of 2M; type, whereas the um-sized illite is
2M, and 1M, types. The former illite is more close
to muscovite than the latter one in K mole frac-
tion and crystal structure, whereas the latter illite
is more close to muscovite than the former one in
activities of muscovite component and chemical
properties. Two types of illites have somewhat
different chemical composition.

Formation temperatures of main ore body
are estimated 270-330C by the fluid inclusion
study and mineral assemblage. Polytype and crys-
tal growth of 1M and 2M,: depend to great extent
on temperatures, chemical compositions, and the
degree of alteration. The major chemical pro-
cesses leading to the formation of sericite deposits
as well as the alteration zones are the leaching of
SiO: from the country rock and the addition of Al
Os and K:O into the sericitic ores.
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