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ABSTRACT : Serpentinite of the Yesan-Gongju-Cheongyang area has been formed by
serpentinization of ultramafic rocks. The ultramafic rock might be composed mainly of oli-
vine with minor pyroxene and amphibole. Olivine has a considerably restricted chemical
compositional ranging from Fow to Fows Fresh serpentinite containing large amount of oli-
vine is usually massive in occurrence and dark green to black in color. Serpentine minerals
occur not only as major mineral of serpentinite, but also as remnants in the talc ore which
was formed from serpentinite. XRD study indicates that antigorite is the most abundant
serpentine mineral of the serpentinite. Serpentinite consisting of antigorite usually shows
non-pseudomorphic texture, whereas that consisting of lizardite shows pseudomorphic tex-
ture. Antigorite is found along the margins or fractures of olivine grains resulting in the
formation of network of magnetite which was formed at the time of serpentinization.
Lizardite, subordinate constituent mineral of serpentinite, frequently shows pseudomorphic
mesh-texture after olivine. The chemical differences between antigorite and lizardite/chrys-
otile are small, so both minerals are not easily discernible with the electron microprobe.
Antigorite occurs as elongate blades, flakes, or plates forming interpenetrating texture to
obliterate previous textures. SEM study also shows that most serpentine minerals occur in
platy or tabular form rather than in asbestiform. Fractures formed after main serpentini-
zation are observed within the pseudomorphic central olivine grain. Careful observation of
the serpentine pseudomorphs gives a great deal of data on the pre-serpentinization nature
of the ultramafic rocks. It is inferred that the serpentinization took place after the em-
placement of ultramafic body into the relatively wet environment ceased and the cooling
intrusive body crossed into the stability field of serpentine. It is inferred that the final per-
vasive serpentinization took place over a long time, by hydrothermal water supplied
through the fracture system produced during emplacement of ultramafic rock.
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Serpentinization of the

Ultramafic Rock
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INTRODUCTION which the parent grain boundaries are pre-

Serpentine minerals are predominent con-
stituents of many ultramafic rocks, but little
is known about details of their formation. In
general, serpentines are known to be formed
by pseudomorphic replacement of olivine
and phlogopite (Mitchell, 1986; Sharp et at.,
1990), late-stage crystallization from the melt,
or alteration of primary minerals (Mitchell

and Putnis, 1988; Jago and Mitchell, 1985).

Most talc deposits in the Yesan-Gongju-
Cheongyang area were originated from
ultramafic rocks.

Obviously, ultramafic rocks that have

been highly serpentinized are not suitable for
the detailed study of their original textures
prior to serpentinization. However, Boyd and
Nixon (1979) shows that
serpentinized olivine the outlines of the pri-

even in highly
mary grain-boundaries are preserved, and
Laurent and Hebert (1979) have observed the
pseudomorphic replacement of olivine and
enstatite by lizardite in harzburgite tectonites.

Even though no relict of original ultr-
amafic rocks of pre-serpentinization is found
and most serpentinites are altered to talc-
chlorite rock by steatitization in the study
area, the least altered serpentinites contain
some original texture of parent minerals. In
addition, although fresh serpentinites are not
abundantly found, some of them often show
pseudomorphic texture of parent silicates, in

served. The pseudomorphic process not only
preserves the outline of the original grains
and the original textures, but also it pre-
serves the fracture patterns and cleavages of
the parent minerals (Wicks, 1984). Consider-
able amounts of information on the pre-
serpentinization history can be found despite
complete this
paper is focussed on the characterization of

serpentinization. Therefore,
serpentine minerals of the study area and
their mineralogical and textural relation to
the serpentinization of the ultramafic rocks.

GEOLOGICAL SETTING

The Yesan-Gongju-Cheongyang talc min-
ing area consists nearly entirely of Precam-
brian granitic gneiss with minor hornblende
gneiss, tremolite schist, serpentinite, and dike
rocks in the restricted mining area. The gra-
nitic rocks were formed by regional meta-
morphism of both epidote-amphibolite and
later greenschist facies and granitization (Lee
and Choi, 1994). Talc mineralized zones are
generally developed as elongate or lens-
shaped bodies in the Precambrian granitic
gneiss (Fig. 1). The Daeheung, Pyeongan, and
Shinyang talc mines are three representative
mines in the northeast trending mineralized
zone developed over the area of about 6 to 7km
in length and 10 to 100m in width. There are

little differences in mineralogy and occur-
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Fig. 1. Geologic map of the Yesan-Gongju-
Cheangyang area.

rence of the talc ores among three talc
mines. The major constituent minerals of the
talc ores are talc, chlorite, phlogopite, amphi-
bole, serpentine minerals such as antigorite
and lizardite, and carbonates and the minor
minerals are olivine, pyroxene, chromite,
smectite, and some other expandable clay
minerals such as regularly interstratified
smectite/chlorite {corrensite).

Detailed geologic map of the Daeheung
mine was prepared from the open pits over
a wide area (Fig. 2). Many acidic or basic
dikes are found in the area. Tremolite schist
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Fig. 2. Detailed geologic map of the open pit of
the Deaheung Mine.

and hornblende gneiss are also found along
the margin of the talc ore bodies. Unaltered
serpentinite relicts are present within talc ore
bodies. Serpentinite which has partly altered
to talc is also often observed. The occurrence
of fresh serpentinite in the talc ore body is a
good evidence for the ultramafic origin of
the talc deposits. Under the microscope, oli-
vine is also found as relicts in serpentinite.

EXPERIMENTAL METHODS

Preliminary X-ray powder diffraction
analyses (XRD) for identification of serpen-
tine minerals were made using a Rigaku
Geigerflex RAD3-C with Nifiltered CukK
radiation. For accurate measurement of d-
spacing for serpentine samples, XRD patterns
were recorded by step scan mode. Step inter-
val and counting time were 002°(28) and 2
seconds, respectively. Slit set was 0.5-0.15mn-1°
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Serpentinization of the Ultramafic Rock

Polished thin sections were carbon-coated
for electron microprobe analysis (EPMA).
Quantitative chemical analyses were per-
formed by wavelength dispersive X-ray spec-
trometer (WDS) controlled by a Link Specta
System with LIF, PET, and TAP crystals
using JEOL JXA 733 Superprobe instrument.
Data correction was performed using a stan-
dard ZAF correction procedure of Specta
software supplied by Link System. The accel-
erating voltage was 15 kV, the beam current
10 nA, and the spot size 3-4um.

Scanning electron microscope (SEM) was
used for the external morphological and tex-
tural study of individual serpentine minerals
as well as the grain interfaces with other
minerals of talc ore. JEOL JSM 840A fitted
with a Link energy-dispersive X-ray (EDS)
detector and CAMECA SX50 were used.
Back-scattered electron images (BSEI) were
obtained with a JEOL JXA 733 Superprobe,
fitted with a Link EDS detector.

RESULTS AND DISCUSSION
Occurrence of Serpentinite

In the study area, it is hard to find the
relicts of original ultramafic rocks of pre-
serpentinization, because they were intensive-
ly altered to serpentinite and steatite. Fresh
serpentinite is also not abundantly found. It
is green to dark green in color and has ap-
pearance similar to talc ore containing large
amount of impure minerals such as chlorite
and/or phlogopite. However, fresh serpentin-
ite is more massive in occurrence and much
harder than talc—chlorite rock. Occasionally,
fibrous serpentine minerals form small veins
of 5 to 10mm in width at the margin of ser-
Pentinite body perpendicular to the veins.
Under the microscope, serpentinites consist
mostly of serpentine minerals (antigorite with

small amount of lizardite) with small a-
mounts of olivine, talc, chlorite, magnesite,
and other opaque minerals such as chromite
and magnetite. They often show magnetite
network structure, which was formed by dur-
ing olivine — antigorite reaction.

Fresh  serpentinites containing large
amount of olivine are usually massive in tex-
ture and dark green to black in color. It is
observed under the microscope that
antigorite is mainly formed along the margins
or fractures of olivine grains, occasionally
resulting in magnetite network texture. It is
also observed that pseudomorphs or relicts of
olivine are preserved in serpentinite. Green-
ish black bands or dots seen in hand speci-
mens of serpentinite are composed mostly of
olivine under the microscope. Fig. 3 shows
serpentinization of ultramafic rocks. Zone |
consists of olivine + antigorite (Fig. 3B).
Zone 2, adjacent to the zone I, is composed
of antigorite + magnesite without olivine
(Fig. 3C).

Mineralogy and Chemistry of Serpentine
Minerals

XRD study indicates that antigorite is the
most abundant serpentine mineral in the
study area, even though it is known that it is
next in abundance to lizardite in nature.
However, lizardite also occurs frequently.
The XRD pattern of serpentine mineral is
shown in Fig. 4. It was identified as
antigorite by the (330) reflection at 1.559A,
which is unique reflection of antigorite
(Wicks and O’Hanley, 1988).

Lizardite and chrysotile are true poly-
morphs with the ideal serpentine formula,
MgSiO{OH), whereas antigorites are slight-
ly SiO2-rich and MgO-, OH-poor owing to
the alternating wave structure of antigorite
(Kunze, 1961; Whitaker and Wicks, 1970;
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Fig. 3. (A) Photograph of fresh serpentinite (sample T-4) illustrating times of antigorite serpentinization

events. Zone | (more dark-colored part) consists of rusty olivine hydrated partially to antigorite. Zone 2

consists of antigorite. (B) Photomicrograph of zone 1 showing the replacement of olivine (Ol) by antigorite.

A large amount of relicts of olivine preserved in the dark green part of serpentinite. (C) Photomicrograph

of zone 2 showing antigorite + magnesite (Mgs).

(001)

(002)

intensity

(131), (201)

°26 (CuKa)

Fig. 4. XRD pattern of representative antigorite
(sample R-17). The unique (330) reflection of
antigorite is marked by arrow.

Peacock, 1987). Electron microprobe analyses
(EPMA) were carried out to know the chem-
istry of serpentine and the representative
data are presented in Table 1. The chemical
differences between antigorite and lizardite/
chrysotile are small, so both minerals cannot
be easily discernible with the electron micro-
probe. Structural formula of serpentines in
Table 1 was normalized to 7 oxygens.
Chemical composition of serpentine is con-
trolled in part by the bulk composition of
the original ultrabasic rock from which it
has formed. Fe content of serpentine in fresh
serpentinites is lower than those in the talc
ores or altered serpentinites (Fig. 5), suggest-
suggesting that some Fe was introduced into
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Table 1. Representative electron microprobe analyses of serpentine.

Sample # E-22 R-17 Q9 P8 P-121P-122 P-16 B30 C2 C-11 C2 Q35 Q62 Q9 C#
(N @ a2 du 9 @ an @ Ue e 3 @ 0 1) a2 ab
S00, 4168 4101 4511 4038 4482 4146 4273 4209 4L11 4232 4214 4206 4268 4229 4216
ALO; 220 310 038 189 09 213 114 181 208 Ll4 123 224 095 166 327
TiO: 001 003 002- 001 00l 002 002 003 001 000 001 002 000 001 004
CcrO. 031 037 002 015 007 009 012 017 063 028 013 019 010 008 050
NiO 018 0I5 012 021 016 015 017 02 014 014 010 016 015 015 010
FeO 654 194 660 1033 664 738 860 834 S84 673 574 1061 929 656 718
MgO 3366 3766 3510 3088 3087 3275 3293 3394 3372 3401 3491 3213 3335 3506 3359
MnO 001 005 0I0 009 005 004 001 911 003 004 001 012 007 006 090
CaO 002 001 000 002 00l 004 003 003 00l 001 002 001 001 003 002
NaO 000 000 001 001 003 002 000 001 001 001 001 001 000 000 00!
KO 000 001 001 000 000 001 000 000 002 002 003 001 000 000 001
TOTAL 8460 8434 8747 8398 8361 8410 8575 8676 8359 8469 8432 87.56 8659 8591 8697
Si 203 197 212 203 219 204 208 202 203 206 205 202 206 203 201
AKN) 000 006 000 0Ol 000 002 000 002 003 000 000 003 000 001 003
Sum 204 203 212 204 219 206 208 204 205 206 205 205 206 204 204
AKN) 012 011 002 010 006 01l 007 009 010 007 007 010 005 009 OIS
Ti 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Cr 001 001 000 001 000 000 000 001 002 001 000 001 000 000 002
Ni 001 001 000 001 00l 001 00i 001 001 00l 000 001 00l 001 000
Fe 027 008 026 043 027 030 035 034 024 027 023 043 038 02 029
Mg 245 269 246 231 225 241 238 243 248 247 254 231 240 251 238
Mn 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Ca 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Na 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
K 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
 Sum 286 291 275 287 259 283 281 288 285 283 285 286 285 288 285
‘Number of analysis
"All Fe calculated as Fe”

serpentinite by hydrothermal solution during
steatitization. As shown in Table 1, nickel
and chrome are always minor or trace com-
ponents of serpentine minerals because they
were minor components of the initial rock
and remained dispersed throughout the rock

during serpentinization.
Textures of Serpentine Minerals

If ultramafic rocks were subjected to de-

formation at various times, that is, prior to,
during and after serpentinization, some of
these events are recorded in the serpentine
minerals that make up of the rocks. Wicks
et al. (1977), Wicks and Whittaker (1977),
and Wicks and Plant (1979) described a vari-
ety of
serpentinized ultramafic rocks in different

serpentine-mineral textures from

geological environments.
In spite of intensive serpentinization and
steatitization, it be that the

can seen
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serpentinite in the study area preserves more

0
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or less the textures of olivine and minor en-
statite. Careful examination of the serpentine
pseudomorphic textures reveals that the par-
ent rock of the serpentinite composed mainly
of olivine with minor pyroxene and amphi-
bole. It is often observed that pseudomorphic
replacement of olivine by serpentine along
grain boundaries and fractures produces a
characteristic polygonal cell texture (Fig. 6A).
The morphology of the pseudomorphs indi-
cates that the olivine phenocrysts were sub-
hedral to euhedral. Each cell has a central
zone consisting of relict olivine. The presence
of relict phases indic;tes incomplete
serpentinization reaction by not enough
availability of H:£. Such olivine relicts in

serpentinite commonly show evidence of

ot
E=i oL gy

Fig. 6. (A) Photomicrograph of olivine showing alteration to serpentine along grain boundaries and

fractures to produce a characteristic polygonal cell texture. Each cell has a central zone consisting of relict
olivine or of serpentine. (B) Magnetite (opaque) networks formed by the olivine — antigorite reaction in
serpentinite (sample R-17). Plane polarized light. (C) Serpentine pseudomorphic texture with relict olivine
centers (sample T-4-4). (D) Interpenetrating texture in antigorite-rich rock (sample Q-14).

— 132 -



Serpentinization of the Ultramafic Rock

alteration events. Large fractures that are
filled with fine—grained serpentine and
opaque minerals occur throughout the grains
suggesting early fracturing and alteration
(Figs. 6B, 6C). In some cases, back-scattered
electron micrograph of fresh serpentinite
shows fractures formed within the central oli-
vine grain (Fig. 7B) after main serpen-
tinization.

The pseudomorphic replacement of olivine

S~

Fig. 7. Back-scattered electron micrographs of

fresh serpentinite. (A) Alteration of olivine to
antigorite resulting in the serpentine pseudomor-
phic texture with magnetite network along origi-
nal olivine grain boundaries. (B) Serpentine pseu-
domorphic texture with relict olivine and magne-
site. Fractures formed after major serpentinization
stage are observed in central olivine grain. Origi-
nal grain boundaries of parent olivine are pre-
served. Ol : olivine, Srp : serpentine, Mt : magnet-
ite, Mgs : magnesite.

and pyroxene by serpentine occurs during
retrograde serpentinization (Wicks and Whit-
taker, 1977). Most pseudomorph in serpentin-
ite from the study area are composed of
lizardite as evidenced by lattice—fringe image
under TEM (Kim, 1997). Lizardite commonly
shows pseudomorphic textures after olivine
(Figs. 6B, 6C, 7). Scanning electron micro-
scope (SEM) study indicates that most ser-
pentine minerals occur as platy or tabular
form (Fig. 8A) rather than asbes-tiform (Fig,
8B). In some cases, poorly crystallized talcs
of 2-3 m in size which have been formed by
alteration of well-crystallized serpentine min-
erals are associated with serpentine minerals
(Fig. 8C). Such talc and serpentine minerals
can be distinguished by intensity ratios of
Mg/Si in EDS patterns (Figs. 8D, 8E).

Secondary magnetite associated with the
serpentinization is commonly found along the
former olivine grain boundaries and fractures
showing network textures (Figs. 6B, 6C, 7A).
However, the presence of brucite in associa-
tion with lizardite is not detected suggesting
no excess content of Mg over the ideal ser-
pentine chemistry (Table 1). Minor amounts
of chrysotile do occur together with lizardite,
particularly in some samples of pyroxene
bastite, but it is not a major phase in pseu-
domorphs in the retrograde environment.
Lizardite stains readily to an orange-brown
color during weathering and has a slightly
higher index of refraction than antigorite
(Figs. 9B, 9D).

Slightly serpentinized olivine grains are often
preserved in serpentinite (Fig. 6C). With in-
creasing serpentinization, antigorite blades
penetrated into the olivine subgrains, in con-
trast to the pseudomorphic texture formed
by lizardite after olivine. Crude lens-shaped
pseudomorphs of antigorite after olivine are
resulted from incomplete serpentinization (Fig.
9A).
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Fig. 8. Scanning electron micrographs (AB,C) of serpentine. (A) Flaky and tabular crystals of serpen-

tine. (B) Asbestiform serpentine. (C) Poorly crystallized talc and altered serpentine. EDS pattern of serpen-
tine (D) and talc (E) of (C). Talc and serpentine can be distinguished by intensity ratio of Mg/Si in EDS

patterns.

Most of serpentinites usually show non-
pseudomorphic interpenetrating texture by
antigorite which shows elongate blades,
flakes, or plates (Fig. 6D) obliterating previ-
ous textures. Antigorite only rarely forms
pseudomorphs of other minerals (Wicks and
O’Hanley, 1988). Compared to lizardite and
chrysotile, antigorite is relatively unsuscepti-
ble to discoloration by weathering (Peacock,
1987) and the orientation of the elongate
grains is completely random, resulting in
massive serpentinite. Therefore, the serpentin-
ite composed mainly of antigorite is usually
massive in appearance and green to dark
green in color. The pseudomorphic and non-

pseudomorphic textures of serpentines are
found independently or together showing gra-
dational features. Some of the pseudomorphic
texture of antigorite and lizardite (Figs. 7, 9)
are formed in an early stage in the develop-
ment of interpenetrating texture {Fig. 6D).

Serpentinization

Careful observation of the serpentine tex-
tures gives a great deal of data on the pre-
serpentinization nature of the ultramafic
rocks and their process of serpentinization.
The serpentinization might begin from the
ultramafic protolith, which is most probably
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Fig. 9. (A) Replacement of olivine by antigorite to produce crude lens-shaped pseudomorphs (sample P

-12). (B) Lizardite (apparent fibers) bastite after orthopyroxene in the matrix of interpenetrating texture of

antigorite (sample E-22). (C) Replacement of clinopyroxene or amphibole by lizardite along cleavages

{(sample R-17). (D) Possible antigorite bastite of uncertain origin (sample T-3-3).

dunite, peridotite, or olivine gabbro, which
are assemblages of olivine and some other
mafic minerals such as enstatite.

Olivine is the major parent mineral of
serpentine. It usually occurs as anhedral
grains embedded in a groundmass of serpen-
tine minerals. The outline of original large
olivine grains can be traced by the optical
continuity of small olivine grains separated
by secondary serpentine minerals. The micro-
probe analyses show a limited chemical com-
position from Fo90 to Fo093. (Table 2). Such
chemical homogeneity of olivine indicates a
chemically homogeneous ultramafic rock as
the parent rock of serpentinite.

If the ultramafic bodies with a small concen-
tration of enstatite is tectonically emplaced,
the first reaction will be the retrograde
hydration of this originally high temperature-
pressure assemblage in response to the lower
temperature environment of relatively wet
condition. There are several problems in the
interpretation of the serpentinization process,
among which the most difficult problem is
the source of water to produce the serpen-
tine. Hess (1936) suggested that serpen-
tinization is an autometamorphic alteration
which occurs during the last stage of the in-
trusion of the ultrabasic. However, because it
is very unlikely that during intrusion the hot
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Table 2. Electron microprobe analyses of olivine.

POINT 100 102 104 106 107 112 114 116 118 122 124 125 126 132 133 137 169 176
SiO. 4055 4094 4050 4061 4125 4064 4044 41.14 4129 4081 4100 41.42 4063 4099 40.54 40.74 4035 4096
ALOs 000 000 000 000 000 000 000 000 000 000 000 0.17 000 000 000 000 000 000
TiO: 000 000 000 000 000 000 000 000 000 000 000 001 000 000 000 000 000 000
CrOs 000 001 000 004 000 005 000 000 002 000 000 003 000 000 001 002 000 003
NiO 034 038 038 028 038 033 031 034 030 038 031 032 038 044 045 038 027 037
FeO 876 868 892 900 895 889 890 931 908 894 916 684 921 890 890 923 9906 886
MgO 4925 49.55 4932 49.46 49.18 4949 4943 49.59 4975 4942 49.16 4995 4896 4892 4925 4901 49.17 4944
MnO 014 023 018 020 017 019 017 020 0I8 0I5 0I4 069 Ol 0I8 009 016 017 021
CaO 000 000 000 000 001 001 000 0Ol 000 001 004 010 000 001 002 000 000 0Ol
NaO 000 000 000 000 001 000 000 000 000 000 000 000 000 000 000 000 000 002
KO 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000~ 000 000 000
Total 99.04 99.78 9929 99.59 9993 99.60 9925 10059 10061 9971 9980 9954 9929 9942 9926 9953 9902 %990
cations per 4 oxygens
Si 100 100 100 100 101 100 100 100 100 100 100 101 100 101 100 100 100 100
Al 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000" 000 000
Ti 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Cr 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Ni 001 001 001 001 001 001 00l 001 001 001 001 001 001 001 00l 001 001 001
Fe 018 0I8 018 0I8 018 018 0I8 019 018 018 019 0I4 019 018 0I8 019 019 018
Mg 181 181 181 181 179 181 181 180 180 181 179 181 180 179 181 180 181 180
Mn 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Ca 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Na 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
K 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
Sum 200 200 201 201 199 200 201 200 199 200 199 198 200 199 200 200 201 200
Mg 909 9L1 908 907 907 98 98 905 %7 908 %S5 929 %4 %7 N8 W4 %06 %0
Fe 91 89 92 93 93 92 92 95 93 92 95 71 96 93 92 96 94 0Ol
"All Fe calculated as Fe ’ ' o o

ultramafic rock contained the 14 wt% interstitial
water required for serpentinization (Frances 1956),
the water from magma itself is not suitable source
for serpentinization. Therefore, if serpentinization is
the autometasomatic alteration, the water must
have been picked up by the magma from the rela-
tively wet country rock with which ultramafic
came in contact during its intrusion. Deep-seated
basic intrusions into the water-bearing country
rocks might have, and almost inevitably would
have a lower vapor pressure than the wall rocks,
and then the magma would absorb water from the

surrounding rocks. The absence of contact meta-
morphism around serpentinite in the study area fa-
vors the hypothesis that the solutions were moving
from the country rocks into the magma. However,
the water content of the granitic gneiss is low, so
that this interpretation is not enough to explain
the vast amount of water to produce the large ser-
pentinite body.

Another possible water source is the deep-seated
hydrothermal serpentinizing solution (Grubb, 1962).
The hydrothermal solution could have been slowly
acquired from the fault and fracture system over a
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long period of time (Wenner and Taylor, 1971;
Barnes and O’Neil, 1969). Concerning the source of
water for serpentinization, any interpretation stated
above, as a single origin, could not be a ready
source of water. Thus, it is considered that the
serpentinization took place by autometamorphism
at early stage and by hydrothermal alteration at
late stage.

Lack of minerals other than serpentine as well
as magnesite and rarely chromite in serpentinite
from the study area indicates that the solution was
relatively pure silicic water and there was little
gain or loss of elements during serpentinization.
The only phase added to the ultramafic body was
water during critical stages of its cooling The reac-
tions expected to have occurred for the formation
of serpentinite from ultramafic rocks might proba-
bly be the following two equations.

IMgSi0s + Si0: + 4H0 — 2MgSiO{(OH),
forsterite serpentine
MgSiO, + MgSiO; + 2H.O — MgSi:O{OH),

forsterite enstatite serpentine

CONCLUSIONS

Serpentinite from the Yesan-Gongju-Cheong-
yang area has been formed by serpentinization of
ultramafic rock. The mineralogical characters of
serpentine minerals have been studied using X-ray
diffraction analysis, and various electron microsco-
py such as EPMA and SEM. The serpentinization
process of ultramafic rocks have been interpreted
by textural evidences of serpentine minerals.

Serpentine minerals occur not only as major
mineral of serpentinite, but also as remnants in the
talc ore. XRD study indicates that antigorite is the
most abundant serpentine mineral of serpentinite.
Antigorite was mainly formed along the margins or
fractures of olivine grains occasionally resulting in
the formation of magnetite network texture.
Lizardite shows pseudomorphic texture.

Careful examination of the serpentine textures

reveals that the parent rock of the serpentinite was
mainly composed of olivine with minor pyroxene.
Replacement relicts of olivine are found in
serpentinites. The microprobe analyses show a very
narrow compositional variation ranging from Fo90
to Fo93. Such chemical homogeneity of olivine in-
dicates a chemically homogeneous ultramafic rock
as the parent rock of serpentinite.

Serpentinite consisting of antigorite usually
shows non-pseudomorphic texture, whereas that
consisting of lizardite shows pseudomorphic texture
in which the parent grain boundaries were pre-
served. The antigorite shows elongate blades, flakes,
or plates that form a tight interpenetrating texture
obliterating the previous textures. Lizardite com-
monly forms pseudomorphic textures after olivine
and also occurs as replacement of pyroxene. In
some cases, fractures formed after main ser-
pentinization are observed within the central oli-
vine grain.

Careful observation of the serpentine pseudo-
morphs gives a great deal of data on the pre-
serpentinization nature of the ultramafic rocks.
The ultramafic body may have intruded along a
major fault, which can be inferred by the linear
form of present ore body. Once the emplacement
of ultramafic body into the relatively wet environ-
ment ceased and the cooling intrusive body crossed
into the stability field of serpentine, serpen-
tinization of the olivine and pyroxene took place.
The pervasive serpentinization of whole ultramafic
body occurred at the later time with enough water
of external source. Lack of minerals other than
serpentine as well as magnesite and rarely chro-
mite in serpentinite from the study area indicates
that the solution was relatively pure silicic water
and there was little gain or loss of elements during
serpentinization. It is inferred that the final perva-
sive serpentinization took place over a long time,
possibly with hydrothermal water supplied from
the fracture system produced during emplacement

of ultramafic rock.
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