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Chemical and TEM Studies of Chlorites in the Talc Deposits
of the Chungnam Area, Korea
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ABSTRACT : Chlorite from the talc deposits in the Chungnam area, Korea, has been studied using
electron microprobe analysis and high resolution transmission electron microscopy (HRTEM). Talc ores
are hydrothermal alteration products of serpentinite which was originated from ultramafic rocks. Chlorite
occurs in close association with talc ores or with the black alteration zone between tale ore bodies and
granitic gneiss. It is the most abundant impurity mineral of talc ores. Chlorite in association with talc is
characterized by very high but narrow variations in Mg/(Mg+Fe) ratios (0.784~0.951), significant
octahedral substitution (-0.200~0.692), wide variation in Al contents (1.085~3.160 / 14 oxygens), and
high Cr and Ni contents. It was formed under a very limited but high Mg/(Mg+Fe) condition in close
connection with serpentinite. Chlorite in the black alteration zone is characterized by a high Fe content,
wide variation in Mg/(Mg+Fe) ratios (0.378~0.852), narrow octahedral substitution (-0.035~0.525), high
narrow Al contents (1.468~2.959), and low Cr and Ni contents. It was formed under a low Mg/(Mg+Fe)
and relatively Al-rich condition in close connection with country rocks. Two different chemical modes for
chlorite suggest two different origins for two different chlorites. Although most of chlorites show typical
14-A lattice fringe images under HRTEM, some chlorites show fringe images of 2[-A (14A+7A)
spacings within (001) lattice-fringe images of chlorite (14 A). But brown chlorite from the black zone has
high Ti and K contents suggesting that mica was the precursor of brown chlorite. Such possibility is also
supported by the fact that lattice-fringe images of brown chlorite show 14-A chiorite layers in which 10-
A mica single layer or packets are interlayered. Partial terminations from 3 mica layers to 2 chlorite
layers are often observed. It, therefore, is suggested that the chlorite associated with talc ores is a
hydrothermal alteration product of serpentinite, whereas the chlorites in the biack aiteration zone is a
hydrothermal alteration product of granitic gneiss under a partial influence of serpentinite.
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Introduction

The Dacheung, Pyeongan, and Cheongdang
(Shinyang) mines are three representative mines
in the talc mineralized zone which trends
north-northeast over the area of about 6 to 7
km in length and 10 to 100 m in width in the
Chungnam area. There is little difference in
mineralogy and occurrence of talc ores among
three talc mines. A K-Ar dating of phlogopite
coexisting with talc from the talc ore body
yielded 153+£3 M.Y., indicating that the
formation of main talc ore body is late Jurassic,
possibly in association with Daebo orogeny of
Korea (Kim, 1997).

Talc ores of three representative talc mines in
the area contain various impurity minerals such
as chlorite, phlogopite, amphiboles, carbonates,
and serpentine. They show thus very low
values of whiteness. Among them chlorite is
the major impurity mineral of talc ores. The
talc mineralized zones are characterized by dark
colored massive rock due to a high amount of
chlorite (Kim and Kim, 1995). Abundant joints
and small faults are observed in talc ore bodies
and adjacent rocks. These joint and fault
surfaces are typically coated with thin selvages
of black mineral aggregates usually consisting
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of chlorite and/or phlogopite. In addition,
black-colored alteration zones are usually
developed in contact zone between talc ore
body and granitic gneiss.

The close association of chlorite with talc
suggests that both have a close relation in their
genesis. Although the possible origin of talc
from chlorite schist or chlorite gneiss inter-
calated in the granitic gneiss has been sugge-
sted (Lee, 1994), talc and associated chlorite
can be formed by hydrothermal steatitization of
serpentinite, excluding minor amount of talc
formed by alteration of chlorite at the late stage
of steatitization.

Because phyllosilicate minerals from the area
have similar habits, their textural and genetic
relationships cannot be deciphered by ordinary
petrographic method. Transmission electron micr-
oscopic method has been applied to this study,
and genesis of chlorites has been studied on the
chemical and microtextural viewpoints.

Experimental Methods

X-ray powder diffraction (XRD) patterns of
samples were obtained using a Rigaku Gei-
gerflex with Ni-filtered CuK radiation. Polished
thin sections were prepared and then carbon-
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coated for electron microprobe analysis. Back-
scattered electron (BSE) images were obtained
with a JEOL JXA 733, fitted with a Link energy-
dispersive X-ray (EDS) detector. Quantitative
chemical analyses were performed using a wave
dispersive X-ray spectrometer (WDS) controlled
by a Link Specta System. Quantitative mineral
analyses were done using standard ZAF corr-
ection procedures within the Specta software
supplied by Link System. An operating voltage
of 15 kV with a current of 10 nA was used for
both the back-scattered imaging and the micro-
probe analysis. The beam diameter of 3~4 xm
was employed.

High-resolution transmission electron microsc-
ope (HRTEM) studies were performed to obse-
rve of microtextural relations and to obtain fattice
fringe image for each sample using JEOL JEM-
2000EXII transmission electron microscope which
was operated at 200 kV accelerating voltage with
a LaBs filament. Most of HRTEM images were
recorded at a screen magnification of 250,000 X%,
In the present study, conventional double-tilting
side-entry stage was used to obtain proper dif-
fraction patterns for observation of the lattice-
fringe images. Unfortunately, at the time of this
TEM study, the resolution in many of the micro-
graphs was degraded, and the brucite-like layers
with chlorite were not fully resolved. However,
it was still possible to recognize the positions
of the brucite-like layers under these conditions
by noting the anomalous spacings between the
2:1 layers and the lower contrast than that
formed by typical chlorite structure where the
brucite-like layers were not resolved.

Occurrence of Chlorite

Chlorite is widely and abundantly found in
the deposit as much as more than 70 percent in
volume. It occurs in close association with talc
either in the talc ore zone or in the black
alteration zone between talc ore bodies and
granitic gneiss. Chlorites from both zones show
different occurrence and chemistry to each
other. Chlorite from the talc ore zone and chl-

orite from the black alteration zone are referred
to as the talc-related chlorite, and talc-unrelated
chlorite, respectively.

In the talc deposits, chlorite aggregates occur
surrounding large or small massive or irregular-
shaped nodular talc ore bodies. The talc ore
bodies themselves also contain variable amount
of chlorite in a dispersed state. Thus the tale
ores show grayish white to greenish gray tint.
The contact of talc ores and the surrounding
chlorite aggregates is gradational or sharp. In
some case, it is observed that the nodular talc
ores are surrounded by two or three thin layers
of chlorite, brown phlogopite and/or acicular or
fibrous tremolite. Tremolite occurring near the
talc ore bodies is often altered to chlorite.

It is also observed under the optical and
electron microscopes that chlorite is finely
interleaved with phlogopite and/or talc (Fig. 1).
Fine particles of chromite and Fe-Ni minerals
are occasionally found in association with
chlorite in talc ores. The 20~100 xm thick
coronas consisting of chiorite are found around
chromite which in turn encloses brown chrom-
ian spinel.

Chlorite is also associated with the altered
granitic gneiss, hornblende gneiss, dike rocks
and quartz and pegmatite veins. Granitic gneiss
in contact with talc ore bodies is highly altered
to chlorite-biotite-albite rocks. Chlorite in dike
rocks is an alteration product of mafic minerals
of the rock. The dike rocks are not affected by
steatitization. This type of chlorite is not dir-
ectly associated with talc. Biotite, muscovite and
amphibole are also found in the granitic gneiss,
hornblende gneiss and dike rocks. Muscovite
occurs only in the granitic gneiss.

In the black alteration zone with a thickness
of i~2 m, chlorite is usually fine-grained but
occasionally coarse-grained. In addition to the
typical chlorite, the chlorite showing brown inte-
rference color similar to biotite is found under
the microscope (Fig. 2A) and it will be des-
ignated brown chlorite hereafter. It usually occ-
urs as coarse-grained aggregates mainly in the
black alteration zone between talc ore body and
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Fig. 1. A. BSE image of fine-scale interleavings
of chlorite (dark) and phlogopite (light); B. BSE
image plus X-ray image for Al showing the
incoherent fine-scale intergrowths of talc (darker
phase), phlogopite (light phase), and chlorite
(white-dotted phase). The brightest phases arrowed
are Fe-Ti minerals.

granitic gneiss. It has been identified as clino-
chlore of IIb polytype by XRD. It contains
interleaved talc packets (Fig. 2A) and minute
particles of Ti-bearing mineral (Fig. 2B). Scan-
ning electron microscope (SEM) image of brown
chlorite shows irregular-shaped flakes. BSE
images of brown chlorite (Fig. 2B) show that
Ti-minerals are dispersed within chlorite grain
as coherently oriented packets or irregular
forms.

Other minerals associated with talc ores are mica
(phlogopite) and amphibole (tremolite-actinolite).
Both minerals are of Mg-rich types in talc ores.
Amphiboles show various habits such as
acicular, fibrous and flaky under the microscope
(Kim, 1997).

Fig. 2. A. Photomicrograph of brown chiorite.
Talc packets (white) are interleaved in chlorite (grey);
B. BSE image of brown chlorite. Ti-bearing
minerals (white dots) are dispersed within chlorite
grain as coherently oriented packet.

Results

Chemistry of Chlorite

Chemical analyses of representative chlorites
of both types described above are given in
Table 1. They have been normalized to 14
oxygens assuming that all irons are ferrous.
Chlorites were classified following the classif-
ication scheme recommended by the Nomencl-
ature Committee of AIPEA (Bailey, 1980).
According to earlier work (Kim and Kim,
1995), the talc-related chlorites belong to clino-
chlore, whereas the talc-unrelated chlorites
belong to clinochlore-chamosite. The talc-related
chlorites show a moderate variation in Al
content (1.085~3.160) and a very narfow
variation in Fe/(Fe+Mg) ratios corresponding to



Chemical and TEM Studies of Chlorites in the Tale Deposits of the Chungnam Area, Korea

Table 1. Representative muroprobc analyses of thOl‘llL from the (hungnam area.

B0 P2 R-12 Q-6

‘Sample no. E-23 R3  R-16 Q-7 Q-1 €37 R-10 Q-18
"(N) 21 131 (31 | N 5 E . N &) H 7 I . AN &) N 1 N S I
talc-related chiorite o @liqglglauichlgr)ti - -
Si0, 3208 31.86 3238 3330 33.65 2801 3187 2692 2516 2350 28.73 28.40
ALO; 16.09 1624 1605 1569 1424 2320 1403 2172 2177 2321 2139 2187
TiO: 007 003 001 024 010 000 000 004 007 009 006 006
Cr0; 085 101 091 011 001 004 094 002 001 001 008 022
NiO 021 005 016 005 007 002 003 005 006 008 005 0.3
FeO 1068 599 935 709 778 7.09 1731 1727 2656 3015 1424 1426
MgO 25.16 2927 28.19 3079 3039 2638 2001 1990 13.09 1081 23.65 2331
MnO 0.14 005 002 000 003 032 0.4 010 025 034 017 0.3
Ca0 007 009 001 003 003 003 017 00y 00l 004 004 005
Na-O 001 002 002 000 000 003 002 002 002 00l 001 002
K20 072 000 055 032 018 000 000 022 008 004 000 000
Total 8607 8460 87.65 87.73 8647 8512 8563 8627 87.08 8828 8842 844

o - cations per 14 oxygens

Si 319 313 313 307 326 275 328 276 269 253 282 278
AI(IV) 0.81 087 087 08 074 125 072 124 131 147 118 122
Sum 400 400 400 400 400 400 400 400 400 400 400 4.00

Al(VI) 107 1.0l 097 093 088 143 098 138 143 (48 129 131
Ti 0.01 000 000 002 00l 000 000 000 001 00l 000 000
Cr 007 008 007 001 000 000 008 000 000 000 00 002
Ni 0.02 000 001 000 00l 000 000 000 001 00l 000 001
cFe 089 049 076 057 063 058 149 148 237 272 117 117
Mg 372 429 407 437 438 386 324 304 208 174 345 341
Mn 0001 0060 000 000 000 003 00l 001 002 003 00 00l
Ca 001 001 000 000 000 000 002 000 000 000 000 001
Na 000 000 000 000 000 000 000 000 000 000 000 0.00
K 009 000 007 004 002 000 000 003 001 00l 000 000
Sum 588 589 595 595 593 591 583 595 594 599 594 594

°E-10, 23, P-2: Daeheung mine; R-3, 10, 12, 16: Pyeongan mine; Q-7, 11,

"Number of analyses
“All Fe calculated as Fe’"

clinochlore, whereas the talc-unrelated chlorites
show a narrow variation in Al content (1.468 ~
2.959) and a wide variation in Fe/(Fe+Mg)
ratios from chamosite to clinochlore.

The talc-related chlorites show very high
values and narrow variations in Mg/(Mg+Fe)
ratios (0.784~-0.951) with significant octahedral
substitution of -0.200~0.692, whereas the talc-
unrelated chlorites show wide variations in
Mg/(Mg+Fe) ratios (0.378 ~0.852) with moderate

16, 18, C-37: Cheongdang mine

octahedral substitution of -0.035~0.525 (Fig. 8
in Kim and Kim, 1995). It is important that the
Mg/(Mg+Fe) ratios of talc-related chlorites are
different from those of talc-unrelated chlorites.
The talc-related chlorites show less Tschermak
substitutions, less Al contents, and more Mg
and Si contents than the talc-unrelated chlorites.
Cr and Ni contents are also higher in the
talc-related chlorites than in the talc-unrelated
chlorites.
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Table 2. Microprobe analyses of brown chlorite
from the Chungnam area.

S?\Jrr(l)l.ale C-1 C-2 C-3 C-4  Average
SiO; 31.54 31.93 3259 3249 32.14
ALQO; 14.82 1493 1525 1520 15.05
TiO, 0.94 144 0.65 046  0.87
Cr20; 0.00 0.03 0.03 0.00  0.01
NiO 0.03 000 0.02 0.03 0.02
FeO 7.67 828 766 729 772
MgO 29.45 2935 30.11 30.19 29.78
MnO 0.00 002 0.00 001 0.01
Ca0O 0.05 0.05 0.02 0.02 0.03
Na,O 0.00 0.00  0.01 0.02  0.01
K,0O 0.33 026 035 035 032
Total 84.82 86.29 86.67 86.05 8596

cations per 14 oxygens

Si 3.13 312 3115 316  3.14
Al(IV) 0.87 088 0.85 084 0.86

Sum  4.00 400 4.00 4.00 4.00
Al(VD) 0.86 084 089 090 0.87
Ti 0.07 0.11 0.05  0.03 0.06
Cr 0.00 000 0.00 0.00 0.00
Ni 0.00 000 000 000 0.00
°Fe 0.64 068 062 059 063
Mg 4.35 427 434 438 434
Mn 0.00 000 0.00 000 0.00
Ca 0.01 0.01 0.00 0.00 0.00
Na 0.00 000 000 000 0.00
K 0.04 003 004 004 004
Sum 5.96 5.93 5.95 596 595

’Sample from Cheongdang mine
°All Fe calculated as Fe*

Chemical analysis of brown chlorite from the
black alteration zone (Table 2) show high Ti
and K contents compared with the typical chl-
orite suggesting that mica is its precursor. Based
on high Mg contents of brown chlorite, it is
considered that the formation of brown chliorite
might have been affected by serpentinite.

Transmission Electron Microscopic Study

Chlorite in Figs. 1 and 2 was observed under

the high resolution transmission electron micro-
scope (HRTEM). HRTEM image indicates that
most frequently observed chlorite is of 14-A
one-layer type (Fig. 3). However, it also shows
deviating fringe images of 21-A (14A+7A)
spacings within (001) lattice-fringe images of
14A. In addition, termination of chlorite layer
is commonly observed (Fig. 3D). Electron dif-
fraction pattern in the inset of Fig. 3A shows
well-defined spots and weak streak (marked by
arrow) probably resulting from the 21-A layers,
but does not show other regular odd-order re-
flections resulting from regularly mixed chlorite-
7-A layer. The 7-A fringe is characterized by
additional band within chlorite layers. This
structure is due to the 1:1 structure of a single
tetrahedral sheet and a single octahedral sheet
in the chlorite structure. Bons and Scheyvers
(1989) investigated four distinctive cases of
chlorite using HRTEM and suggested that the
local deviations of the (001) lattice spacing of
14- A chlorite are caused by a local absence of
the brucite interlayer resulting in a lattice
spacing of 9A or by layers with a 1:1 phyl-
losilicate structure of lattice spacing 7A as
seen in Fig. 3. Such deviating lattice-fringe
spacings can be caused by variations in speci-
men thickness and orientation or electron-
optical conditions. But, considering the electron
diffraction pattern and ubiquitous occurrence of
the deviating lattice-fringe spacings, they are
certainly caused by actual variations in lattice-
plane spacing, in which berthierine or other 7-
A phases are commonly regarded as a
metastable precursor to chlorite in low grade
metamorphic rocks or rocks undergoing diag-
enesis (Lee and Peacor, 1983; Veblen, 1983;
Lee er al., 1984; Ahn and Peacor, 1985; Amo-
uric et al., 1988).

The 21-A spacings are mainly found in
chlorite from the contact zone between talc ore
body and serpentinite. Therefore, it is consi-
dered that the deviating fringe images of 21-A
(14 A+7A) spacings within (001) lattice-fringe
images of 14A are metastable remnants of
chlorite + serpentine reaction during steatiti-
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Fig. 3. Deviating fringe spacing in (001) lattice- fringe images of chlorites (sample P-16): A, B, and C.
21-A (14 A+7A) fringe within 14-A fringes of chlorite. Diffraction pattern in A shows weak streak
(marked by arrow) resulting from the 21- A layers; D. Chlorite layer termination is common (marked by
arrow).

zation of serpentinite. Chloritization as a co  is easily found at the margin of talc ore bodies.
mmon wall rock alteration of ultramafic rocks  Many other interlayered HRTEM structures
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Fig. 4. Lattice fringe images and electron diffraction patterns: A. Brown chlorite showing single mica
(10A) layers interlayered within chlorite (14 A) layers; B. Brown chiorite consisting of chlorite ("C")
layers and interleaved mica ("M") packets. Partial terminations from 3M to 2C are shown. Strain
contrast, edge dislocations and bending of the nearby layers are found in association with the
mica-chlorite layer terminations.
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such as chlorite + mica and chiorite + talc can
be easily found in this marginal zone of talc
ores.

Lattice fringe image and electron diffraction
pattern of brown chlorite show typical 14-A
chlorite layers (Fig. 4) in which mica (10A)
layers are usually interlayered as single layer
(Fig. 4A) or packets (Fig. 4B). In Fig. 4B,
partial terminations from 3 mica layers to 2
chlorite layers are also shown. Especially, strain
contrast, edge dislocations and bending of
nearby layers are commonly found in associ-
ation with mica-chlorite layer terminations.

Discussion

Chlorite, due to its extensive solid solution,
i1s a sensitive indicator of the extent of meta-
somatic alteration (Zhong et af., 1985). Maru-
yama et al. (1986) suggested that the Fe/(Fe+
Mg) ratios in chlorite from matic rock can be
used to monitor bulk rock Fe/(Fe+Mg) ratios.
Zhong et al. (1985) proposed that the Fe/(Fe+
Mg) and Al/(Al+Si) ratios of chlorite, as dete-
rmined by electron microprobe analysis and
X-ray diffractometry, seem to monitor the meta-
somatic exchange of Al, Fe and Mg between
the metamorphosed ultramafic rocks and the
country rock. Our earlier work (Kim and Kim,
1995) shows a good correlation in the MgO/
(MgO+FeO) ratios between talc ores and assoc-
iated chlorite. MgO/(MgO+FeO) ratios vary within
a narrow range showing similar values to each
other. In addition, the Mg/(Mg+Fe) ratios and
the Al contents in octahedral or tetrahedral sites
of chlorite are sensitive to whether they are
related to talc in genesis or not. Chemical data
also show that there are two distinct types of
chlorites, that is, the talc-related chlorite and
the talc-unrelated chlorite. Both types of
chlorites have different occurrences and chemi-
cal compositions.

The field occurrences of talc and chlorite
suggest that they have formed by hydrothermal
alteration. The presence of two types of chl-
orites having different chemistry suggests two

different protoliths of different Mg/(Mg+Fe)
ratios and Al contents, namely, serpentinite and
granitic gneiss. The talc-related chlorite has
very high but narrow vanation in Mg/(Mg+Fe)
ratios with significant octahedral substitution,
wide variation in Al contents, and high Cr and
Ni contents, suggesting that it was originated
from serpentinite. It is assumed that this
chlorite was formed under a limited high Mg/
{(Mg+Fe) conditions receiving various amounts
of Al from granitic gneiss.

The talc-unrelated chlorite has high Fe con-
tent and wide variation in Mg/(MgtFe) ratios,
narrow octahedral substitution, high and narrow
Al values, and low Cr and Ni contents comp-
ared with the talc-related chlorite, suggesting
that its composition might have been related to
granitic gneiss surrounding the talc ore bodies.
[t was formed under a fow Mg/(Mg+Fe) and
relatively Al-rich conditions receiving various
amount of Mg from serpentinite getting close to
the composition of talc-related chlorite. The
chemistry of the coexisting minerais such as
mica and amphibole shows two different che-
mical behaviors similar to those of chlorite,
supporting this interpretation.

The black alteration zone containing large
amounts of chlorite is limited to the border
zone. The chlorite in this zone is of Fe- and
Al-rich type. The talc-related chlorites have a
composition close to clinochlore, Mg end-
member chlorite, with very narrow variation in
Mg/(Mg+Fe) ratios. Therefore, the chemistry of
chlorite suggests that the precursor of talc ores
are not chlorite schist or chlorite gneiss but
serpentinite originated from ultramafic rocks.
Sanford (1982) shows that in northern Appa-
lachian occurrences substitutions of Al for Si
and Mg and Fe for Mg have diffused into the
country rock and that this metasomatism is
manifested in the chlorite composition. Al and
Fe are distinctly abundant in chlorite, but Mg,
Cr, and Ni are less abundant in chlorite of the
country rock. These observations are consistent
with data presented by Zhong er al. (1985) who
showed increasing Al and Fe contents in chlo-

61 -
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rite with increasing metasomatism of ultramafic
rocks. Present study is in good accordance with
their works. o

Therefore, two different chemical behaviors
of chlorite as well as coexisting minerals defin-
itely indicate that the talc ore deposits have
been formed by hydrothermal alteration of serp-
entinite originated from ultramafic rock and that
the chlorites within the talc ores are not the
remnants of steatitization of chlorite schist or
chlorite gneiss, but the products formed mainly
by metasomatic reaction of serpentinite with
hydrothermal solution during steatitization. The
chlorite aggregates within the altered gneiss at
the border zone of talc ore bodies are not the
relicts of steatitization of chlorite schist or
chlorite gneiss but the reaction products of
granitic gneiss with hydrothermal solution. The
alteration history mentioned above is undoub-
tedly complex, involving retrogressive recrystalli-
zation from the original ultramafic assemblage
plus chemical mass transfer between the gra-
nitic gneiss and the ultramafic intrusive. How-
ever, the chemistry and occurrences of chlorites
were very useful to understand the general
process of ore formation of the study area.

In addition to the chemistry of chlorite, mic-
rotextural study of chlorite gives some important
infomation for the genetic interpretation of talc
formation. The deviating fringe images of 21-A
(14 A+7A) spacings within (001) lattice-fringe
images of 14- A chlorite (Fig. 3) as well as the
10-A spacings interlayered within the chlorite
(Fig. 4) indicate the interaction of serpentinite
and granitic gneiss with hydrothermal solution.
It is assumed that the chemistry of hydro-
thermal solution changed by its reaction with
country granitic gneiss and serpentinite mainly
at the border zone. During the hydrothemal
alteration the metasomatic addition of ALQO;
and K,O from hydrothermal solution to the
parent rocks took place forming black alteration
zone along the margins of the talc ore body.
The constituent minerals of this zone are mai-
nly chlorite and some mica. As mentioned above,
their chemistry shows a tendency of spatial

dependence, showing Mg-rich compositions near
talc ore body and serpentinite and Fe-rich com-
positions near granitic gneiss. During these proc-
esses of alteration, the hydrothermal solution
often became partially more siliceous, thereby
promoting steatitization, and where temporarily
dammed, some pre-crystallized chlorites and/or
micas altered to talc and/or chlorite during the
late stage of steatitization. Therefore, during the
early stage of steatitization of serpentinite, chl-
orite was formed from serpentine resulting in
the deviating fringe images of 21-A (14A+7
A) spacings within the 14-A chlorite. Because
this process occurred in early stage, interl-
ayering of 21-A layers within the chlorite are
rarely found.

In the late stage, some early crystallized
micas altered to chlorite resulting in 10-A lay-
ers interleaved within the 14-A chlorite. This
process is evidenced by the lattice HRTEM
fringe images and partial terminations from 3
mica layers to 2 chlorite layers were observed.
The reaction mechanism for this kind of trans-
formation involves more than a simple addition
or removal of K and tetrahedral sheets of 2:1
layer. The mechanisms of such transformation
between chlorite and mica were investigated by
many mineralogists (Veblen and Ferry, 1983;
Yau et al., 1984; Eggleton and Banfield, 1985).
One mechanism is the construction of brucite-
like layers resulting in transformation from one
mica layer to one chlorite layer and the other is
a termination of talc-like layer resulting in tra-
nsformation from two mica layers into a single
chlorite layer. Both reactions are accompanied
by a significant change in volume. However, the
volume change can be compensated by combin-
ing both mechanisms of replacement resulting
in a minimum of strain at the reaction front
(Yau et al, 1984). The possible structural
relations for this transformation are shown in
Fig. 4B. The lack of significant strain contrast
associated with the interface in Fig. 4B also
supports this explanation.
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Conclusions

The chlorites of the study area are classified
into two types having different chemical
behaviors, that is, the talc-related chlorite and
the talc-unrelated chlorite. The talc-related
chlorite is an alteration product of serpentinite
which was originated from ultramafic rocks. lts
chemistry is characterized by a very high and
narrow variation in Mg/(Mg+Fe) ratios, signi-
ficant octahedral substitution, wide variation in
Al contents and high Cr and Ni contents. The
talc-unrelated chlorite is an alteration product of
granitic gneiss surrounding the talc ore bodies.
Its chemistry is characterized by high Fe
content and a wide variation in Mg/(Mg+Fe)
ratios, high Al contents, and low Cr and Ni
contents compared with the talc-refated chlorite.

Microtextures of chlorite also give important
information for their origin. Although most
chlorites show typical 14- A lattice fringe image
under HRTEM, some chlorites show deviating
fringe images of 21-A (14 A+7A) spacings
within (001) lattice-fringe images of chlorites
(14A). Chlorite showing brown interference
color shows high Ti and K contents suggesting
that mica was the precursor of brown chlorite.
Lattice fringe image and electron diffraction
pattern of brown chiorite also show typical 14-
A chlorite layers within which mica (10A)
layers are interleaved as single layer or packets
suggesting that mica was its precursor. Partial
terminations from 3 mica layers to 2 chlorite
layers were observed. All these microtextures
suggest that the serpentinite and granitic gneiss
reacted with hydrothermal solution to produce
the mineral assemblages of the deposits.
Therefore, the chemical behaviors as well as
microtextures of chlorites and their coexisting
minerals definitely indicate two different origins
for the chemically different two chlorites and
associated minerals.
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