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ABSTRACT : Emplacement ages for the granite plutons of the Jurassic and the Cretaceous times
in the central Ogcheon Fold Belt were determined by Rb-Sr whole rock and mineral isochron
methods. In addition mineral ages for the plutons were determined by K-Ar and fission track
methods. In turn, thermal histories and uplifting rates of the granitic bodies are elucidated from
the isotopic ages. The Jecheon(~203 Ma) and Mungyeong(at least~200 Ma) granites of the
Jurassic and the Muamsa, Wolagsan and Daeyasan granites(~110 Ma) of the Cretaceous show
high strontium initial ratios [(¥Sr/*Sr)>0.7100], suggesting that the granitic magmas have been
generated by partial melting of crustal materials (S-type), or by mixing of mantle and crustal ma-
terials. Only mineral ages of the Sogrisan and Hyeongjebong granites (~90 Ma) were determined
by K-Ar method, and petrogenesis of them were not defined yet. The two Jurassic granite plu-
tons were cooled rapidly down to 300°C, right after the plutons were slowly cooled down since
then, due to their deep emplacement. During the Middie Cretaceous period, the Jurassic Mun-
gyeong gramtxc pluton was intruded and thermally affected much by the surrounding Wolagsan
and Daeyasan granites. Accordingly the Rb-Sr mineral age, K-Ar hornblende and biotite ages of
the Mungyeong granite appear to be reduced or reset due to the thermal effects above their
blocking temperatures. All the Cretaceous granites have been cooled much more simply and ra-
pidly down than the Jurassic ones below 300°C, owing to their shallow emplacement.

Key Words : Ogcheon Fold Belt, Geothermal history, Wolagsan Granites, Sogrisan Gramtes, Iso-
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INTRODUCTION

There are two periods of granitoid intrusion in
the central part of the Ogcheon fold belt in
South Korea (Fig. 1 and Fig. 2). Older granitoids
of Jurassic age is distributed as a large batholith
(A) around the Jecheon city, and as a small plu-
ton (B) near the Mungyeong area. Younger ones
of Cretaceous age are the Muamsa (C), the
Wolagsan (D), the Daeyasan (E), the Sogrisan
(F) and the Hyeongjebong. (G) granites.

These. granitoids mtrudea\fnm the Pre-
cambrian basements and the Paleozoic to Tri-
assic sedimentary rocks in Early Jurassic, and
Middle to Late Cretaceous times, respectively
(Jin ef al, 1992a; 1992b; Jin et al., 1992¢ ; Kwon
and Jin, 1992).
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In fact, so called Wolagsan and Sogrisan gran-
ite plutons had been so far known to the geol-
ogists as a batholith of Cretaceous age, respec-
tively. A small number of skarn type Fe-Pb-Zn-
Mo deposits have been reported so far around
the northeastern part of the Jurassic Jecheon
granites, and many base metal (Cu-Pb-Zn-Mo-
W-Fe-Bi etc.) and fluorite deposits associated
with skarns or wall rock alteration have been
reported in the area between the Wolagsan and
Muamsa granites (Reedman e al., 1973; Park ef
al., 1988; Park and Jin, in print). Accordingly
the ore mineralization also have been reported
to..be related to the Jecheon, Muamsa and
Wolagsasr granites with a little geological cri-
teria, respectively.

Recently the Wolagsan and Sogrisan granite
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platons have been defined to be composite plu-
tons with different age, respectively (Jin e al.,
1992¢; Jin ef al., 1993).

Now I would like to elucidate the em-
placement age and cooling histories of the gran-
itoids of each period, and discuss the tectonic im-
plications in the central part of the Ogcheon fold
belt, on the basis of isotopic age data of the rocks.

TECTONIC SETTING AND
GENERAL GEOLOGY

The Korean peninsula forms a part of the Chi-
na-Korea-Siberia Platform which is composed
of the Precambrian metamorphic rocks. The
southern half of the peninsula consists of
northeast-southwest trending five tectonic un-
its ; Precambrain Gyeonggi massif, Paleozoic
QOgcheon fold belt, Precambrian Sobaegsan
(Ryeongnam) massif, Cretaceous Gyeongsang
Basin and Tertiary Pohang Basin (Fig. 1).

In the Ogcheon fold belt there are Cambro-
Ordovician none-metamorphosed and metamor-
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Fig. 1. Distribution of the Jurassic and the Cretaceous granitoids in the Ogcheon Fold Belt (KIGAM, 1975); the rec-

tangular is the study area.
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Fig. 2. Map showing the general geology of the study
area and its surrounding area (after Geological and Min-
eral Institute of Korea, 1973). Fulled circles(®) in-
dicate ore deposits- (from Reedman et al., 1973)

1; Precambrian, 2; Joseon Supergroup, 3; Ogcheon Sup-
ergroup, 4; Pyeongan Supergroup, 5; Jeomchon Gran-
ites, 6; Daedong Supergroup, 7; Early Jurassic Granites,
8; Middle Cretaceous Granites, 9; Middle to Late Cre-
taceous Granites, 10; Late Cretaceous Volcanics. A=
Jecheon Graites, B=Mungyeong Granites, C=Muamsa
Granites, D=Wolagsan Granites, E=Daeyasan Granites,
F=S8ogrisan Granites, G=Hyeongjebong Granites.

phosed sedimentary rocks overlying the Pre-
cambrian basement which comprises poly-
metamorphosed gneisses and schists; the form-
er is mostly calcareous of the Joseon Sup-
ergroup distributed in the northeastern part of
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Table 1. Geologic sequences of the study area.

Hyeongjebong Granites
Middle to Sogrisan Granites

Late Cretaceous Granite porphyry

or Volcanic rocks

~ Extrusive and Intrusive -

Middle
Cretaceous

Daeyasan Granites
Wolagsan. Granites

- Intrusive -

Late Triassic Mungyeong Granites

to Early‘ Jurassic Jecheon Granites

- Intrusive -

Late Triassic :
N Daedong Supergroup
to Early Jurassic

- Uncorﬁrmity -
Permian Jeomchon Granites
- Intrusive -
Carbono-Permian ~ Pyeongan Supergroup
- Unconformity -

Ogcheon Supergroup

Cambro-Ordovician
. Joseon Supergroup

- Unconformity -

Precambrian Metamorphic rocks

the belt, and the latter is mostly agillaceous of
the Ogcheon Supergroup with intercalated cal-
careous beds in the central belt.

Following the Cambro-Ordovician sed-
imentation, paralic marine sedimentation re-
commenced in Carboniferous times grading up
into limnic sediments with coal measures of Per-
mian age and thick non-marine sequences ex-
tending into the Triassic together these con-
stitute the Pyeongan Supergroup.

The Daedong Supergroup deposited in NE
striking small basins developed along the Pre-
cambrian Massifs mentioned before, is un-
conformably overlying the two supergroups in
late Triassic to early Jurassic times. Following
on the sedimentation of the Daedong Sup-
ergroup, the Jurassic granites including the
Jecheon granites and Mungyeong granites, etc
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broadly intruded into the belt.

After a long hitus of the post-plutonism of
late Triassic to early Jurassic age, big piles of
fluviolacustrine sediments were deposited in
the smaller basins developed along the margins
of the Ogcheon fold belt and the two Pre-
cambrian Massifs in the early to middle Cre-
taceous. For example, some of the sediments is
composed of the granite-washes deposited m
sita. ’ ‘

In the middle Cretaceous, the central part of
the Ogcheon fold belt was intruded by the Mo-
amsa-Wolagsan-Daeyasan granitoids as large
batholiths or small pluton. Following the Middle
Cretaceous plutonism, intermediate ~to - felsic
magmatism was successively extended to the
southwest of the belt (Fig. 2). Geologic se-
guences of the study area are the same as fol-
lowing Table 1. '

PETROGRAPHY

Jurassic Granitoids (Jecheoh and
Mungyeong granites)

The Jecheon granite occurs as an oval shape
like a small batholith with an area of about 30X
15 km” (Fig. 2). The granite is equigranglar,
medium to coarse grained hornblende-biotite
granodiorite in margin, but inequgranular me-
gacrystic, coarse grained hiotite granite in the
central part of the pluton. The megacrysts are
all microcline ranging from 1x2X3 cm® up to
2X4X9 cm’ in size, in which fine grained
biotite mclusios are commonly aligned along the
zonal cleavages. The granite is mostly com=
posed of quartz, microcline, plagioclase, biotite,
and little amount of hornblende. The acceSsory
minerals are sphene, zircon, apatite and some
secondary minerals. Some of major rocK form-
ing minerals are altered to secondary minerals
such as sericite, chlorite and epidote (Kim, 1979;
Jin ef dl., 1992a). Around the pluton the Paleo-
zoic calcareous sedimentary rocks are ther-
mally metamorphosed to crystalline himestone
in some areas. There are skarn-type Mo and

Pb-Zn-Fe deposits near the Jecheon plutons, of
which mineralization age have been still con-
troversial (Fig. 2).

The Mungyeong granite(B in Fig. 2), which
previously belonged to the Wolagsan pluton
(Lee, 1971; Lee, 1978; Ishihara ef al., 1981; liya-
ma and Fonteilles, 1981; Lee, 1981; Sato ef al.,
1981; Shimazaki ef al., 1981; Tsusue ef al., 1981;
Kim and Shin, 1990), occurs as an oval shape
like a small stock with an area of about 7X8
km’. This granite is equigranular, and medium
to coarse grained in textutre, and the rock
phases range from hornblende-biotite grano-
diorite through biotite granodiorite to biotite
granite. The major rock forming minerals are
quartz, alkali-feldspar (mostly pinkish mi-
crocline), plagioclase, biotite and hornblende,
and other accessory minerals such as sphene,
zircon and apatite. In particular some sheared
fractures directing N75°E can be seen in the
central part of the pluton (Jin ¢ al., 1993). The
Mungyeong granite was intruded and almost
completely surrounded by the Wolagsan and
Daeyasan granites in Middle Cretaceous times
(Fig. 2). Therefore the small pluton must have
been so much affected by a large amount of
heat from the large intrusive mass, and the mat-
ic siticates of it are generally altered to chlorite,
sericite and epidote (Jin ef al., 1992b; 1992c).

Cretaceous Granitoids

The Cretaceous granites can be divided into
two groups. One is the Muamsa, Wolagsan and
Daeyasan granite which appear to be cogenetic,
based on their petrological and geochemical
characteristics including radiogenic elements con-
tent and age data (Jin et al,, 1992b; 1992c). The
other is the Sogrisan and Hyeongjebong granites,
which also appear to be cogenetic, in terms of
their petrological and geochemical charac-
teristics such as occurrences, mineral com-
positions and textures (Jin et al., 1992b; 1992¢).

Middle Cretaceous Granitoids
The former group of middle Cretaceous age
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occurs as a small batholith or stock, The gran-
ites are equigranular, fine to medium grained
biotite granite in margin and medium to coarse
grained biotite granites in the inner part of the
plutons. In particular the central part of the
Wolagsan granites is unconformably overlain by
the volcanic complex consisting of dacitic to rhy-
olitic tuff, or intruded by late Cretaceous hy-
pabyssal rocks. In some part of the plutons,
miarolitic cavities with large amethysts and mi-
cas are developed.

The granites are mostly composed of quartz,
alkali-feldspar (mostly perthites), plagioclase
and biotite (Yun, 1991; Jin ef al., 1992c). The ac-
cessory minerals are zircon, apatite and opaque
minerals including sulfides, paticularly in the Mu-
amsa granites. In the contact zones between
Daeyasan granites and Sogrisan granites, most
minerals are altered to secondary minerals such
as kaolinite, sericite, chlorite and epidote.
Around the pluton the Paleozoic calcareous sed-
imentary rocks are thermally metamorphosed to
crystaline limestone in some areas. There are
several skarn-type base metal (Cu-Pb-Zn-W-Fe)
and fluorites deposits recognized in the area
between the Muamsa and the Wolagsan granites
(Reedman et al., 1973; Park ef al., 1988) (Fig. 2).

Middle to late Cretaceous Granitoids

The latter group of middle to late Cretaceous
age occurs as a small batholith or stock as-
sociated with volcanic equivalents of the late
Cretaceous age. The granites are equigranular,
and gradually change from medium grained red-
dish hornblende-biotite granite in margin to
coarse grained reddish and leucocratic granites
in inner part. The granites -show a typical
miarolitic texture with chlorite and quartz, and
the mafic silicates are partly altered to chlorite.
The relationship between the granites and vol-
canic equivalents are not clear yet. The gran-
ites are mostly composed of quartz, alkali-feld-
spar (mostly perthites), plagioclase and biotite.
The accessory minerals are zircon and opaque
minerals. No metal or non-metal deposit is so
far reported yet around the Sogrisan and
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Hyeongjebong granites.
EXPERIMENTAL WORKS

Accordingly the isotopic ages of rocks or min-
erals are absolutely dependent on thermal or hy-
drothermal equilibrium system of the isotopes,
not on the time of their emplacement or for-
mation. Therefore many age data appear to be
younger than those geologists expected in fields.
Because the measured isotopic ages are the time
elapsed since the rocks or minerals were cooled
below the blocking temperature. This fact
makes geologists contemplating in interpreting
the geology of an area, and compells them to ap-
ply various method of dating so far developed.

In order to reveal exact thermal history on
the plutons, Rb-Sr, K-Ar and fission track dat-
ing which have been done in KIGAM were ap-
plied. The Mungyeong granitic pluton of Juras-

- sic age and the five granitic plutons of the Cre-

taceous were selected respectively, and sampl-
ed, crushed and pulverized for mineral separa-
tion and K-Ar and fission track dating. Some of
them were ground to powder for Rb-Sr whole
rock analysis.

Rb-Sr Dating

Sr isotope ratios were determined using a
Varian MAT Th-5 mass spectrometer, with Rb
and Sr concentrations measured by isotope di-

Table 2. Retention temperatures for whole-rock and min-
erals (Dodson, 1973; Wagner ef al., 1971; Nishimura and
Mogi, 1986). (in °C)

Materials Rb-Sr K-Ar Fission-track
Whole rock 7201100 500100
Hornblende 500175
Muscovite 500150 350150
Orthoclase 36040 15030
Microcline 340140 150430
Biotite 310140 270440
Plagioclase 260(2)—400(?)
Sphene 290+40
Zircon 200130
Apatite 11015
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lution method. Experimental procedures have

been described by Choo (1983). The ages and
initial ratios were calculated by least squares re-
gression (Wendt, 1976), using=1419x10"/y
for the decay constant of “Rb (Steiger and
Jager, 1977). Rock standard NBS 607 and GSP-1
 were also measured for this study, all the
analytical uncertainty (measured by 2 mean)
for the Sr isotopic ratio for all samples was
kept within 0.5% of the measured ratio. To cor-
rect any machine bias due to this, the Sr iso-
topic standard NBS 987 was measured and all
measured
¥Sr/%Sr ratios were normalized to a value of 0.
71014 for NBS 987.

K-Ar Dating

Isotopic ratios of mixed argon were nieasured
using a2 NUCLIDE mass spectrometer (6"-60°

first order focussing sector type) employing an

enriched 38Ar spike calibrated. against ‘hoth
known air volumes and the standard minerals B-
4B and MMHB-1 (Kim, 1986). Argon was pu-
rified using hot Zr-Al gettering and potassiim

concentrations were analyzed by flame pho-.

tometry using IL 550 AA-AE spec-
trophotometer. The uncertainties associated
with the determination were estimated to be 1-
2% for the potassium analysis, 0.5% for “Ax/
*®Ar, and 2% for *Ar/®Ar ratios, 1% for spike
calibration. The “Ar/K ratio can be det-
ermined with an accuracy of better than 2%.
The minimum amount of argon which can be
detected by the present apparatus is about.1X
10™ mole. Reproducibility of the method as stu-
died on the sample is within 5% in most case.

RESULTS
Jurassic Granitoids

Rb-Sr dating _

Three whole rock samples and seven rock
forming minerals from the Jecheon Granites
were selected and isotopically analyzed for Rb-

—

o] 5 [+] 5 20 Km

Fig. 3. Location map of the rock samples for age de-
termanation.

Sr dating (Fig. 3). The Rb-Sr isotopic data
made an isochron of 202.7+1.9 Ma with an in-
itial ¥Sr/*Sr ratio of 0.7140+0.0002 and mean
squares of weighted deviation (MSWD) is 5.11
(Jin et al, 1992).

One whole rock and two mineral samples
from the Mungyeong granites were also select-
ed and isotopically analyzed for Rb-Sr dating
(Fig: 3 and Table 3). The results make an iso-
chron age of 119.8+3.54 Ma with an initial *Sr/
%Sr ratio of 0.7129%0.0006 and MSWD is 0.39
(Fig. 4). This isochron age is, of course, not em-
placement age but much younger than that the
geologist expected as in other Jurassic plutons
such as Jecheon and Chuncheon granites (Jin ef

_al, 1992a; Jin ef al, 1993b). It suggests that

there should have been some geological ep-
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Table 3. Rb-Sr isotopical analysis data of the whole rock and minerals from the Mungyeong Granites of the Early Jurassic

in the central part of the Ogcheon Fold Belt

Sample No. Nat'l Grid (x/y)  Material Sr (ppm) Rb (ppm) *Rb/*Sr 5Sr/®Sr
B-1 . 130.9/361.5 Whole rock 63.60 26.57 0.413 0.7137

9 4 6 7

Biotite 246 124 49.80 » 0.7977

2 4 1.20 13

Plagioclase 91.00 14.19 0.154 0.7130

Analyst: Dr. Seung Hwan CHOO in KIGAM

0.8000 Jurassic' Mungyeong Granite .
. B-1(0))
0.7800-
g—, 0.7600-
% 0.7400
5 v Age = 119.8 3,54 Ma.
(St) = 0.7129 + 0.0006
0.7200 MSWD =0.39
0.7000
0 10 20 30 40 50 60
*Rb/ *Sr

Fig. 4. A Rb-Sr isochron for the Mungyeong granites ob-
tained from one whole rocks and minerals (one pla-
gioclase and one biotite).

isodes or effects concerning the reset of age
and reequilibrium of isotopic system.

K-Ar dating

Seven and three mineral concentrates from
the Jecheon pluton(Jin ef al., 1992a) and Mun-
gyeong pluton were isotopically analyzed for K-
Ar dating, respectively (Table 4). The age data
between the same sort of minerals from a plu-
ton are almost consistent in error limit. Unex-
pectedly K-Ar plagioclase ages (about 195-207

Ma) for the Jecheon pluton are almost consitent

with Rb-Sr whole rock and biotite isochron age
(about 203 Ma) in comparison with its blocking
temerature of about 260°C (in Table 2). In fact
concermng the retention temperature, the K-Ar
age for rock forming minerals is not perfectly
defined, particularly for biotite and plagioclase,
and still in controversial (Dalymple and Lan-
phere, 1969; Dodson, 1973; Harrison et al., 1979;
Hunziker, 1979; Faure, 1989). But all of the K-
Ar mineral age data except plagioclase are con-
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sistent with those of other laboratories' in Table
4 (Shibata ef al., 1983). For example, the biotite
ages of the Jecheon pluton is very consistent
with the previous K-Ar age data produced by
other laboratory's in error limit (Table 4). Ac-
cordingly all of the K-Ar mineral age data pro-
duced by KIGAM are proved to be accurate in
error limit, and the K-Ar plagioclase’ age can be
credible in accuracy. '
Concerning the retention temperature for K-
Ar plagioclase age, it should be over 400°C on
the cooling curve for the pluton, in terms of
our own data mentioned before. Therefore I
will apply this to the interpretation of thermal
history for that pluton. The K-Ar microcline
ages for the Jecheon pluton are much younger
than any other K-Ar mineral ages owing to its
low retention temperature as shown in Table 2.
In particular for the Mungyeong pluton of
Jurassic age, the K-Ar hornblende and biotite
ages are much older and younger than Rb-Sr
whole rock and biotite age, respectively. Nev-
ertheless two biotite samples give almost same
age of 104.3£2.0 Ma and 105.0+1.7 Ma, respec-
tively. That suggests that there must be some
big geological episodes or later hydrothermal ef-
fects causing the isotopic disturbance or reset
of the Mungyeong granitoid around the period
of 110£5Ma. Accordingly the K-Ar hornblende
age is definitely reduced age, and the Rb-Sr age
of 119.813.54 Ma is also disturbed or reset age.

Fission Track Dating
Two sphenes, two apatites and one zircon
ages were reported from the Jecheon pluton
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Ta.ble 4. K-Ar age data of minerals from the Jecheon and Mungyeong Granites of the Early Jurassic in the central part of

the Ogcheon Fold Belt B )
Sample No. Nat'l Grid (x/y) - Mineral datéd ,K((%) VAr rad (x10°mol/g)  “Ar rad (%) Age (Ma)
Jecheon Gramites (Jin et al., 1992)
A-2 117.6/402.0 Plagoclase 1.38 0.493 84.78 195.0+1.3
A-3- 118.4/399.7 Plagoclasé 1.44 0.547 76.74 206.811.6
A-1 128.3/405.5 Biotite 512 1.647 96.95 176.7%+2.5
A-2 117.6/402.0 Biotite ‘ 6.76 2.305» 96.69 186.5%£5.4
A-3 118.4/399.7 Biotite ] 545 1.862 95.28 187.0%£9.2
A-2 117.6/402.0 Microcline 9.55 1754 86.40 102.9+4.6
A-3 118.4/399.7 Microcline 9.4’7 2.161 ‘ 92.42 127.0£5.5
Previous K-Ar age data for thie Jecheon Granites (Shibata er af., 1983)
1 129.2/398.2 Biotite . 6.86 41.6 92.40 179+6
135.0/412.0 Biotite 8.31 474 93.50 169+5
Mungyeong Granites

B-2 132.0/366.5 Hornblende 097 0.2490 41.28 142.3+2.2
B-1 130.9/361.5 Biotite 6.69 1.246 89.32 104.3+2.0
B-2 132.0/366.5 421 92.06 105.0%+1.7

Biotite

0.789

Analyst: Mr. Seong-Jae KIM in KIGAM

(Jin et al., 1992). Two sphene F.T. ages (142.8%
8.2 Ma and 138.6%7.8 Ma) are almost con-
sistent with each other in error limit, as i K-
Ar biotite ages of the samples. Two apatite
ages (44.2+2.6 and 54.212.8) show a little diff-
erence each other, suggesting that they. might
have locally undergone different cooling his-
tories in low temperature system (below the
blocking temperature of apatite).

Middle Cretaceous Granitoi_ds

Rb-Sr dating: :

Three mineral concentrates of a rock sam-
ples from the Muamsa pluton were isotopically
analyzed for Rb-Sr dating (Fig. 3). The analyt-
ical results are as follows in Table 5. The Rb-Sr
isotopic data give an isochron of 109.912.5 Ma
with an initial ¥Sr/*Sr ratio of 0.7165::0.0002
(Fig. 5), and the MSWD(=1.23) is very low.
And this Rb-Sr age is almost consistent with
previous Rb-Sr whole rock and mineral age for
the pluton (Table 7). Consequently the. iso-
chron age is very good in credibility.

Three mineral concentrates and a whole rock
samples from the Wolagsan pluton pluton were
also isotopically analyzed for Rb-Sr dating (Fig.
3 and Table 5). The results make an isochron
age of 108.610.6 Ma with an initial ¥Sr/*Sr ra-
tio of 0.71511£0.0001 and MSWD (=9.28) is
very big (Fig. 6). Accordingly the isochron age

~ may be not so good in credibility. Nevertheless

both of two Rb-Sr isochron ages are very con-
sistent with each other, in comparison with pre-
vious Rb-Sr ages of them (Table 7).

K-Ar dating

Fleven mineral concentrates of seven rock
samples taken from the Muamsa, Wolagsan and
Daeyasan pluton were isotopically analyzed for
K-Ar dating, respectively (Fig. 3 and Table 6).
Most oldest age (114.8+£1.7 Ma) of them is
given from hornblende fraction of D-2 sample
collected from the Wolagsan pluton. Although
this oldest age is older a little than Rb-Sr min-
eral isochron age, it is similar a little to the Rb-
Sr ages of the plutons, mentioned before.

And plagioclase fraction from the Wolagsan

J. Petrol. Soc. Korea
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Table 5. Rb-Sr isotopical analysis data of the minerals separated from the Muamsa and Wolagsan Granites of the Middle

Cretaceous in the central part of the Ogcheon Fold Belt

Sample No. Nat'l Grid (x/y) Material dated Sr (ppm) Rb (ppm) ¥Rb/*sr ¥Sr/%sr
Muamsa Granites
C-1 130.6/390.4 Feldspar 5.166 179.8 34.37 0.7637
4 2 4 2
Plagioclase 5.93 163.5 27.20 0.7536
1 3 10 9
K-feldspar 6.955 163.3 23.19 0.74615
4 14 20 15
Wolagsan Granites
D-1 135.6/364.0 Plagioclase 21.64 12.273 0.5601 0.71635
2 4 6 12
K-feldspar 6.9667 117.5 16.55 0.73978
8 2 3 10
Biotite 3.475 123.2 35.0 0.77186
6 ) 8.1 2 9
Whole rock 5.3933 66.3 12.24 0.73481
7 1 2 18
Analyst: Dr. Seung Hwan CHOO in KIGAM
0.7800 0.7800
Cretaceous Muamsa Granite Cretaceous Wolagsan Granite D100
C-1(fd)
0.76001 0.7600+
é;) 0.7400 ‘ é 0.7400+ oS0l
5 5 D-1(wh}
Age =109.9::2.5Ma. Age = 1082;2336%31
Sr)i = 0.7100+ 0.00113 S =0.71 .
0.7200 oW = 211 07200 o o = 028
0.7000 : . . . T - . 0.7000 . ; . . . . r
[} 10 20 30 40 [¢) 10 20 30 40
“'Rb/*Sr “Rb/*Sr

Fig. 5. A Rb-Sr isochron for the Muamsa granite ob-
tained from minerals (plagioclase, K-feldspar and feld-
spar).

pluton gives an age of 103.8xt1.5 Ma, which is

older a little than expcted in terms of its re- -

tention temperature. Five biotite ages (ranging
from 86.7+4.9 Ma to 95.1+1.4 Ma) are almost
consitent with each other in error limit re-
gardless of sampling sites, except two biotites
which.are taken from the margin of Daeyasan
pluton. These five ages are of course absolutely
consistent with the previous K-Ar biotite ages
(from the Muamsa and the Wolagsan plutons)

“Vol. 4. No. 2, 1995

Fig. 6. A Rb-Sr isochron for the Wolagsan granite ob-
tained from whole rock and minerals (K-feldspar and
biotite).

(Table 7). There seems to be some geological
effects controlling the reduction of K-Ar biotite
ages in local scale, which is not recognized on
the surface. K-feldspars ages are 76.0+1.1 Ma
and 70.8+1.1 Ma for the Muamsa and Wolag-
san ipxhaltons, respectively.

Middle to Late Cretaceous Granitoids

K-Ar dating:
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_Table 6. K-Ar mineral age data of the Muamsa, the Daeyasan and the Wolagsan Granites of the Middle Cretaceous in the

central part of the Ogcheon Fold Belt

Sample No. Nat'l Grid (x/y) Mineral | K (%) “Ar rad (x10° mol/g) “Ar rad (%) Age (Ma)
Muamsa Granites :
C-1 130.6/390.4 Biotite - 7.49 1.2020 92.06 90.3+1.6
Wolagsan Granites
D-1 135.6/364.0 ' Plagioclase 0.92 0.1704 54.72 103.8+1.5 .
Biotite .2.19 0.3584 91.97 92.014.2
. K-feldspar 8.42 1.054 82.96 70.8£1.1
D-2 139.1/365.9 Hornblende 1.22. - 0.2507 73.36 114.8+1.7
Biotite 447 0.6888 93.46 86.7t4.9
Daeyasan Granites
E-1 275.8/356.2 Biotite 5.27 6.033 90.65 64.8+1.7
E-2 289.3/359.8 Biotite 4.39 5.885 88.99 75.7+1.1
E-3 285.8/353.8 Biotite 523 8.766 74.35 94.2%1.3
E-4 284.3/349.5 Biotite 478 8.089 93.37 95.1+14

Analyst: Mr. Seong-Jae KIM in KIGAM

Table 7. Isotopic age data so far reported for the Cretaceous Muamsa, Wolagsan and Daeyasan Granite plutons in the

Pluton name Sample No. , Met:hod dating Materials dated® Age (Ma) Remarks
Muamsa C1 Rb-Sr WR-PI-K{-Bi - 106.1+2.7 Jin et al., 1992a
Muamsa c1 Rb-Sr Fd-PI-Kf - 109.9%25  Jinetd, 1993
Muamsa C-1 K-Ar Biotite 90.3+1.6 Jin et dl., 1992b
Muamsa K-Ar Biotite 87 Kim, O. ], 1971
Wolagsan D-1 Rb-Sr PI-Kf-Bi 105.910.8 Jin et al., 1992a
Wolagsan D-1 Rb-Sr WR-PI-K{-Bi 108.6+0.6 Jin et dl., 1993
Wolagsan D-2 K-Ar Hornblende 114.8+1.7 - Jin et dl., 1992b

 Wolagsan D-1 K-Ar Kf 103.8£1.5 Jin et al., 1992b
Wolagsan D-1 K-Ar Plagioclase 92.0+4.2 Jin et dl., 1992b
Wolagsan D-1 K-Ar Biotite 70.8+1.1 Jin et al., 1992b
Wolagsan K-Ar Biotite 92 Kim, O. ], 1971
Wolagsan K-Ar Biotite .91 Seo & Choo, 1971
Wolagsan K-Ar Biotite 90 Seo & Choo, 1971
Wolagsan K-Ar - Biotite 90 Seo & Choo, 1971
Wolagsan D-1 K-Ar Kt 708+11  Jinetal,  1992b

*WR: whole rock, PI: plagioclase, Kf: K-feldspar, Bdti Feldspar, Bit biotite

A hornblende and a biotite concentrates from

~ the Sogrisan and Hyeongjebong plutons -were
~ isotopically analyzed for K-Ar dating, respec-
tively (Fig. 3 and Table 8).

The hornblende age (89.9+1.7 Ma) from the
Sogrisan pluton is older than the biotite age (83.
-5+1.7 Ma) from the Hyeongjebong Pluton. Ia
comparison with previous K-Ar biotite age

from the plutons, the biotite age is almdst same
in error limit (Table 8). Consequently the K-Ar
ages of the hornblende and biotite is very cred-
ible to interpret geology in this area.

DISCUSSIONS and CONCLUSIONS

" Jurassic Granitoids

J. Petrol. Soc. Korea
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Table 8. K-Ar ages of the Sogrisan and Hyeongjebong Granite plutons in the central part of the Ogcheon Fold Belt

Sample No. Nat'l Grid (x/y) Dated materials K (%) “Ar rad (10~10mol/g) *Ar.rad (%) Age (Ma)
Sogrisan Granite -
F-1 280.3/341.5 hornblende 1.10 1.759 86.31 89.9+1.7
Previous K-Ar age data for the Segrisan plutons
Biotite 84 (Kim, O.J.,
K-feldspar 72 . 1971
Hyeongjebong Granite

G-1 292.1/337.3 Biotite 3.51 5.209 91.39 83.5%1.7

Analyst: Mr. Seong-Jae KIM in KIGAM
For the Jecheon granite pluton, three whole 800

rock and seven mineral concentrates made an 700 4 : ; I WR.(Rb-Sr)
isochron of 202.7+1.9 Ma with an initial ¥Sr/ S 600+ -
%GSr ratio of 0.7140. Different age data of £ 500 -
twelve mineral concentrates are almost agreed ;"406- -{- —2”,22.‘?5’ *
with the retention temperature of each mineral éaoo 4 2 /-,3% PR
in K-Ar and fission track methods. All the age 8 200 T L 2Ty
data plotted on to the blocking temperature of 100 4 u 14 JL”XF‘.‘%‘.;""
each mineral against their ages in Fig. 7 (Jin ef ol : : . o
a., 1992)‘ 0 50 100 150 ° 200 250

Accordingly the geothermal cooling histories
of the Jecheon granites can be considered as fol-
lows (Jin ef al, 1992a): The Jecheon granitic
magma had been generated by partial melting
of crustal materials (S-type), or by enough mix-
ing of mantle and crustal materials, on the basis
of its high Sr initial ratio (> 0.708) (Chappell
and White, 1974). It had intruded into the ka-
tazone or mesozone (7-9 km) of the central
part of the Ogcheon fold belt (Cho, 1992; Jin e
al., 1992a) at least in the Early Jurassic (about
203 Ma), and had crystallized and cooled ra-
pidly down from about 600°C to 300°C (more
than 20°C/Ma), owing to thermal differences
between the magma and the wall-rock. During
the Middle to Late Jurassic (190-140 Ma), the
cooling of the granite was likely to stop and
keep thermal equilibrium with the wall-rock.
The severe tectonism associated with igneous
activities and active weathering on the surface
in Early to Late Cretaceous time (140-70 Ma)
might have accelerated the granite pluton to u-
plift rapidly (40-60 m/Ma in average) up to 3-4
km and cooled down from 300°C to 200°C (1.4°C/

Vol. 4. No. 2, 1995.
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Flg 7. Thermal history for the Jecheon gfamtes in the
study area (Jin ef al., 1992a). N
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Fig. 8. Thermal histories for the Mungyeong granites
in the study area. (Symbol ® implies the isotopic ages
determined by each methods, and symbol O indicates
the isotopic ages expected as in the Jurassic Jecheon
and Chuncheon granites).

Ma). The granite pluton was likely to keep dif-
ferent uplifting and cooling rate of about 120 m/
Ma and 5°C/Ma in average from the Late Cre-
taceous to Early Tertiary (70-50 Ma), and a-
bout 60 m/Ma and 2°C/Ma in average from a-
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bout 50 Ma up to the present, respectively.

The Rb-Sr whole rock-biotite isochron age
for the Mungyeong pluton is about of 119.8%3.
54 Ma with an initial *St/*Sr ratio of 0.7129,
and MSWD is 0.39. But the K-Ar horsnblende
age (142.3%2.2 Ma) is much older than the Rb-
Sr age, and the K-Ar biotite ages (about 105
Ma) are also younger than those of other Juras-
sic granites (c.i. Jecheon Granites, Jin ¢f dl.,
1992a ; Chuncheon Granites; Jin of al., 1993b)
suggesting that there should be some particular
causes affected by later regional or thermal/ hy-
drothermal episodes as follows. '

All the age data plotted on to the retention
temperature of them against their ages in Fig. 8.
Accordingly the thermal cooling histories ‘of the
Mungyeong granites can be .considered as fol-
lows: The Mungyeong granitic magma had been
generated by partial melting of crustal ma-
terjals (S-type), or by mixing of mantle and cra-
stal materials, on the basis of its high Sr initial
vatio (> 0.708) (Chappell and White, 1974).
The pluton was intruded and almost completely
surrounded by the Wolagsan and Daeyasan gran=+
ite plutons in Middle Cretaceous period (115-105
Ma), and in addition the exposure is very small
in comparison with that of the Middle Cre-
taceous plutons. Accordingly the Mungyeong
pluton must have been heated up to abent
400°C, the extreme thermal effects result in
reduction or reset of the Rb-Sr whole rogk-
biotite, K-Ar hornblende and biotite ages. Un-
fortunately detail thermal histories for the plu-
ton can not be interpreted below 200°C, without
any isotopic age of low retention teperature.

Middle Cretaceous Graniteids

The Rb and Sr whole rock and mineral 150~
chron ages for the Muamsa and the Wolagsan
granites are 109.9+25 Ma, 108.6+1.13 Ma
with an initial ¥Sr/*Sr ratio of 0.71000.00113
and 0.715140.0001, respectively. The XK-Ar
hornblende and plagioclase ages from the Wolags
san pluton are 114.8+1.7 Ma and 103.8%Lb
Ma, respectively. And the K-Ar plagioclase age

800

]

700’;;‘\ : - W.R.(Rb-Sr)
£ 600 4 ! L
T i
5 S0e { L Hb(K-An
g .i MIN(RD-S7)

400 L
§ * ; PI(K-Ar)
@ 300 / L
S § BY(K-AF)
% 200 L

¢ KEMi(K-Ar)
00 - L
o = T T T T
0 50 100 150 200 250

Radiometeric Age (Ma)

Fig. 9. Thermal histories for the Middle Cretaceous
granites (the Muamsa, Wolagsan and Daeyasan plutons)
in the study area.

for the Wolagsan granites is older a little than
expected, but the trend is just same as in the
Jecheon Granites. And whereas five K-Ar
biotite ages are almost consistent in error limit,
except two biotite samples (Table 8). There-
fore two younger K-Ar biotite ages seem to be
due to local effects by later igneous activities.
The K-Ar or F.T. age data covering low- re-
tention temperature are also not available, de-
tail thermal histories for the pluton can not be
explained below 200°C. '

All the age data plotted on to the iretention
temperature against their ages in Fig. 9. Ac-
cordingly the. thermal cooling histories of the
middle Cretaceous granites can be considered as
follows: The plutonic magmas such as the Mu-
amsa, Wolagsan and Daeyasan granitic magma
had been generated by partial melting of crustal
materials (S-type), or by enough mixing of man-
tle and crustal materials, in terms of its high Sr
initial ratio (>0.708) just same as in the Jurassic
granites (Chappell and White, 1974). They had
intruded into the epizone (1.5-3 km) of the cen-
tral part of the Ogcheon fold belt (Cho, 1992; Jin
et al. 1992c), at least in the Middle Cretaceous
of about 110+5 Ma, and had crystallized and
cooled rapidly down from about 600°C to 300°C
(more than 15°C/Ma), owing to big thermal diff-
erences between the magma and the wall-rock
near the surface. And after reaching thermal e-
quilibrium between them, the cooling rate of the
plutons appear to have become slower gradually

J. Petrol. Soc. Korea



than initial cooling rate, (about 10°C/Ma) from a-
bout 300°C to 150°C, in the middle to late Cre-
taceous (about 90 Ma) up to the late Cretaceous
(70 Ma). It can be presumed that later suc-
cessive igneous activities of the Late Cretaceous
might have affected the iitial cooling of rate
much slower in this pluton.

Middle to Late Cretaceous Graniteids

Geochronology and Cooling History : 165
800
700 - .
& 600 - ; L
g 1
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8 200 7 L
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0 50 100 150 200 250
Radiometeric Age (Ma)

Only available data so far to interprete the
cooling histories of the Middle to Late Cre-
taceous granites such as the Sogrisan -and
Hyeongjebong granites are K-Ar hornblende,
biotite and K-feldspar' ages. K-Ar hornblende,
biotite and K-feldspar ages are about 90 Ma, 84
Ma and 72 Ma, respectively (Table 9). The K-
Ar hornblende age is generally commensurable
to Rb-Sr whole rock age for emplacement of
the igneous pluton, as mentioed before. Ac-
cordingly all the age data plotted on to the re-
tention temperature against ages in Fig. 10.

Accordingly the thermal histories of the Mid-
dle to Late Cretaceous granites caft be presum-
ed as follows: The Sogrisan and Hyeongjebong
plutonic magmas had intruded into the epizone
(about 1.5-3 km) of the central part of the
Ogcheon fold belt (Jin ef al., 1992¢), at least in
the Middle to Late Cretaceous of about 90 Ma,
and had crystallized and cooled ragidly down
from about 600°C to 300°C {more than 50°C/Ma),
owing to thermal differences between the mag-
ma and the wall-rock near the surface. And the
cooling rate of the plutons appear to have be-
come slower than initial cooling rate, {(about
10°C/Ma) from about 300°C to 150°C, during the
late Cretaceous time (84 Ma-70 Ma). The cool-
ing rate of the Middle to Late Cretaceous plu-
ton is likely to be same to those of the Middle
Cretaceous ones such as Daeyasan, Wolagsan
and Muamsa plutons below the temperature of
300°C during the period from the Late Cre-
taceous up to present. Therefore it can be
presumed that these two plutons might not
have undergoné any more later thermal effects
affecting extreme disturbance in the isotopic

Vol. 4. No. 2, 1995

Fig. 10. Thermal histories for the Middle to Late Cre-
taceous granites (the Sogrisan and Hyeongjebong gran-
ites) in the study area.

systems except local and temporal effects.

In South Korea, the fact that most of the
Jurassic granites. are “S-type’ and most of the
Cretaceous granites are ‘T-type” has been re-
ported (Jin, 1980 ; Jin, 1988). But according to
this study, some of the Cretaceous granites, par-
ticularly distributed in Ogcheon Fold Belt are
elucidated as "S-type’. '

Consequently most of the Jurass# and Cre-
taceous granitoids in the central part of the
Ogcheon Fold Belt are “S-type,” except the So-
grisan and Hyeongjebong granites of late Cre-
taceous age which are not clarified yet.

Many ore deposits recogmized at the area
between the Wolagsan granites and Muamsa
granites are reported to have been mineralized
during late Cretaceous time (80-65 Ma) (Park
and Jin, in print). Therefore the Mupmsa and
Wolagsan granites might not be directly related
to all of the deposits in the area, and there
should be some concealed igneous*activities of
late Cretaceous age concerning thdse min-
eralizations.

In conmtrast, all of the Cretaceous plutons in-
cluding the Muamsa, Wolagsan, Daeyasan, So-
grisan and Hyeongjebong granites are assumed
to have successively intruded into the Epizone
(less than 3.0 km in depth) of the Ogcheon
Fold Belt in Aptian (~110 Ma) to Cenomanian
(~90 Ma) of the Cretaceous respectively, and
simply and rapidly crystallized and cooled down
up to present.



166 Myung-Shik Jin

ACKNOWLEDGMENT

This study was financialy supported by Min-
istry of Trade and Industry and the KOSEF
from 1991 to 1993. The author is pleased to ack-
nowledge Drs.Choo, S.H., Shin, S.C, Chi, SJ.
‘and Mr Kim, SJ. in KIGAM and Prof. Park, V.S,
in Chosun University for their valuable helps
on datings and discussions. He wishes to thank
Prof. Kwon, S.T. in Yonsei University and Dr.

Park, K.H,, in KBSC who reviewed this paper.
He also thank Dr. Kang, P.C,, the President of
KIGAM, who permitted this publication.

REFERENCES

Chappelt, B.W. and White, AJR 1974, Two .com=

trasting granite type. Pacific Geology, 8, 173174,

- Cho, D.L., 1992, Mineralogical and lithochemical ; Sy
dies on the Origin of Phanerozoic gramtxc rocks in
South Korea. Ph.D: thesis in Yonsei UmVersﬂ;y,
189p.

Dalrymple, G.B. and Lanphere, MiA., 1959, yotassigm®
Argon Dating. W.H.Freeman and Company, //San
Prancisco, 258p.

Dodson, M.H., 1973, Closure Temperature m Coolng
Geoch,romlogicat and Petrological System. Contrib,
Mineral. Petrol., 40, 259-274. - ’

Faure, G., 1986, Isotope Geology. 66-92, John Wiley &
Sons.

Harrison, T.M., Armstrong, R.L., Naeser, C.W. and
Harakal, J.E.,1979, Geochronology and thermal Bis+
tory of the Coast Plutonic Complex, near Prince Ru-
pert, British Columbia. Can. J.. Earth Sci. 16, 4060~
410. )

Hunziker, J.C., 1979, Potassium Argon Dating. Tn "Lec-
tures in Isotope Geology", 52-104. Edited by E. Jag-
er and J. ‘C. Hunziker. Sp¥inger-Verlag Berlin,
Heidelberg, New York.

Ishihara, S., Lee, D.S. and Kim, S.Y. 1981 “Cam=
parative study of Mesozoic Granitoids and: Related
W-Mo Mineralization in Southern Korea and
Southwestern Japan. Mining Geol., 31, 311-320.

liyama, J.T. and Fonteilles, M, 1981, Mesozoxc Gramtlc
Rocks of Southern Korea Reviewed frdm Major ‘Con*
stituents and Petrography. Mining ‘Geol., 31, 281-
298. ' :

Jin, M.S., 1980, Geological and Isotopic Contrasts
between the Jurassic and Cretaceous gramites. in
South Korea. J. Geol. Soc. Korea, 16, 205-215.

Jin, M.S., 1988, Geochemistry of Cretaceous to Early
Tertiary granitic rocks in Southern Korea. Pt.2.

Trace Element Geochemistry. J. Geol. Soc. Korea,
24, 168-188.

Jin, M.S,, Kim, S.J., Shin, S.C,, Choo, S.H. and Chi, S.J.,
1992a, Thermal history of the Jecheon granite plu-
ton in the Ogcheon Fold Belt, South Korea, J. Petrol.
Soc. Korea, 1, 49-57.

Jin, M.S., Choo, S.H., Chi, S.J., Kim, S.J. and Shin, S.C,,
1992b, Intrusion ages and thermal histories of the
Mesozoic granites from the northeastern Ogcheon
Fold Belt, as revealed by radiometric datings. KI-
GAM Research Report(KR-91-1D-2), 35p.

Jin, M.S., Lee, 1.S., Chi, S.J., Seo, H.J., Kim, S.Y., Kim,
S.J. and Shin, S.C., 1992c, Petrological and Geo-
chemical Studies on the Geothermal Energy of the
Hot Dry Rock in South Korea II). MOST
Research Report(KR-92(T)-23), 172p.

h, MS.,, Ki;n, S.J., Chi, S.J., Shin, S.C. and Choo, S.H.,

" 1993a, Radwmetrlc ages of the Paleozoic and Meso-
zoic - G,l‘amtes in the middle part of the Ogcheon Fold
Belt, KIGAM Research Report(KR-92-1G-2-1), 34p.

Jm, MS Shm, S.C;, Kim, S.J. and Choo, S.H., 1993b,
Geochronology and thermal history of the Chun-
chéén-granite in the Gyeonggi massif, South Korea.
J. Petrol. Soc. Korea, 2, 122-129.

Kim, K.H. and Shin, Y.S., 1990, Petrochemistry of the
Granitic Rocks in the Chungju, Wolagsan, and
Jecheon Granite Batholiths. J. Korean Inst. Mining
Geol,, 23, 245-259.

Kim, 0.J., 1971, Study on the Intrusion Epochs of
younger granites and their bearing to orogenies of
South Korea. J. Korean Inst. Mining Geol., 4, 1-9.

Kim, S.J., 1986, K-Ar Age Determination of Rocks and
Minerals. Research on Isotope Geology. 29-97, KR-
86-2-17, KIER (in Korean with English abstract).

Kim, Y.J., 1979, Petrological Study on the Jecheon gran-
1te mass J. Korean Inst. Mining Geol., 12, 115-126

/rean with English abstract).
(T., Jin, M.S. and Choo, S.H., 1992, Origin of

Kwdn, ;
" thefecheon granite: a review of the Sr isotope data.

L Pétrot. Soc. Korea, 1, 132-137. (in Korean with
English abstract).

.Lee, DS, 1971, Study on the Igneous Activity in the

middlé Ogcheon geosynclinal zone, Korea. J. Geol.
Soc. Korea, 7, 153-216.

. Lee, MLS,, 1978, Geochemical study of Granite In-

‘frasions in the area of Uranium Bearing Formation

7/of the Ogcheon System. J. Geol. Soc. Korea, 14, 113-

119. -

Lee, M,S., 1981, Geology and Metallic Mineralization as-
sociated with Mesozoic Granitic Magmatism in
South Korea. Mining Geol., 31, 235-244.

Nishimura, S. and Mogi, T., 1986, The Interpretation
of Discordant Ages of Some Granitic Bodies. J.
Geotherm. Rés. Soc. Japan. 8, 145-164.

Reedman, A.J., Fletcher, C.J.N., Evans, R.B., Yoon, K.S.,

J. Petrol. Soc. Korea



D

Geochronology and Cooling History 167

Ryu, H.S., Jeon, S.H. and Park, J.N., 1973, Geo-

logical, geophysical and geochemical investigations -

in the Hwanggangni area, Chungcheongbukdo.
GMIK, Rep. Geol. Miner. Explor.1, 119p.

Park, H.I, Chang, H.W_and Jin, M.S.,1988, K-Ar ages
of Mineral deposits in the Gyeonggi Massif. ]J. Kor.
Inst. Min. Geol. 21, 349-358.

Park, H.I. and Jin, M.S., 1996, Metallogenic Epochs and
Provinces in the Central Part of South Korea. (in
print).

Sato, K., Simazaki, H. and Chon, H.T., 1981, Sulfur Iso-
topes of the Ore Deposits related to Felsic Mag-
matism in the Southern Korean Peninsula. Mining
Geol., 4, 321-326.

Shibata, K., Park,-N.Y., Uchiumi, S. and Ishihara, S,
1983, K-Ar ages of the Jecheon Granitic "complex
and related molybdenite deposits in South Korea.
Mining Geol., 33, 193-197.

Slmazakl, H., Sato, K. and Chon, H.T., 1981, Min-
eralization associated with Mesozoic Felsic Mag-
matism in Japan and Korea. Mining Geol., 4, 297-310.

. Steiger R. H. and Jager, E., 1977, Subcommission on

geochronology : convention on the use of decay con-

stants in geo-and cosmochronology,, Earth Planet.
Sci. Lett. , 36, 359-362.

Tsusue, A., Mizuta, T., Watanabe, M and Min, KW,
1981, Jurassic and Cretaceous Granitic rocks in
South Korea. Mining Geol., 31, 260-280.

Wagner, G. A., Reimer, G.M. and Jager, E., 1977, cool-
ing ages derived by apatite fission track, mica Rb-Sr
dnd K-Ar dating: the uplift and cooling history of

“the Central Alps. Mem. Deg. Inst. Geol. Min. Univ.
Padova, 30, 1-27,

Wendt, 1., 1976, Methods of statistical evolutions in geo-
chronology. Proc. Sem. Isotope Dating. CCOP/TP.3,
20-27; May 1975, Bangkok, Thailand.

Yun, H.S., 1991, Trace element and Mineral chemistry
of the Cretaceous Granites in the Southern Mun-
gyeong Area. J. Korean Inst. Mining Geol., 24, 379~
391 (in Korean with English abstract).

Yun, H.S. and Kim, S.E., 1990, Petrology and Petro-
chemistry of the Cretaceous Granites in the South-
ern Mungyeong Area. J. Korean Inst. Mining Geol.,
23, 343-352 (in Korean with English abstract).

(HATT - YY)

ROER RNHBHET PRERO| A TEREERS ERFMR A

S S |
BRI, KHEET FHE f5E 30 (305-350)

2 9: &}ll?ama% HrRER) EE Sk A SPIEAS 2 1 SRS Rb-Sr, K-Ar, SUaEY
02 ZA5)e], 2% S0 BA EEol rsid PSRl mBuhE Frsledy), o) S FA )
ohAlF Rb-Sr o2 FAAl A3 73 5721719 sSR0SI hAl(~203 Ma)<t B3 A (~200 Ma), L
23 BER 719 BESFPIGA(~110Ma), AEIL 2 KEFLS A (~110 Ma) & 2% AEEA S
ZAAFESEASr)e] 0.7100 BLES) e vehlle], T8 5} “S-EY ) fhitke] B 0 708RENE 2 ZEORA,
BXE S o)) L3, sipEe] WAEELE wold) BElA vhunlbt RS S-¥ olA, m W)
EEx3 %’ﬁ&l f&%ﬂ EAE M- 9] wiaska e g8 e Aem usigel = 9] F2)
7kt Zops3Eo] xj3)eka) A Gl EEEe) o 3000 3] BasEigiod, o

o) FREl= xwvl »37-} Al g AZERY, FE L AE ~110 Ma7oll 35580l DI HEER £719) B
L, REHL 37} 2 & 92 FNTTHERF SEES] B e BAES o)y, b il
EHEFT FHERE o819 FRillEREA e A4 1R ¥ A5 pds o g2, 3719 (ans
A7) (~110 Ma) & AA A, #2449 93345 Vel 249 d9(K-Ar 24 g9 142 Ma) &
Vel gl = BER £71(~110 Ma)e] a3, AL, mmzﬂrﬂ%}ﬂl&} Woly] Z7]-27)(~90 Ma)
o] {aEEl 2 Wasigs7otalE Al Felsto] of$ veabA Elw F43) WAE okAlel Ao sy
gk

MO ¢ RN, to i, AL TR, (AL TR, BRTTREK, CRITRE.

Vol. 4. No. 2, 1995



