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ABSTRACT : The granitic rocks in the vicinity of the Mt. Sorak, the northeastern part of the
NE-SW elongated Mesozoic granitic batholith in the Kyeonggi massif, consist of granodiorite,
biotite granite, two-mica granite and alkali feldspar granite. Variations in major and most trace
elemental abundances show a typical differentiation trend in a granitic magma. Granitic rocks
all display a calc-alkaline trend in the AFM diagram. Also, in the ACF diagram discriminating
between I- and S-type granitic rocks, granodiorite and most biotite granite in the southeastern
area represent I-type and magnetite-series characteristics, while most biotite granite and two-
mica granite in the northwestern area exhibit S-type and ilmenite-series ones. According to re-
cent studies of the granitic rocks in the Inje-Hongcheon district, all the granitic rocks dis-
tributed in the northeastern part of the Kyeonggi massif have been classified as late Triassic to
early Jurassic Daebo granite. With reference of the formerly published ages, an age of 125.6:+4.4
Ma calculated by the slope in the plot of ¥Rb/*Sr-¥Sr/*Sr for the biotite granite samples from
the southeastern area is inferred as an emplacement age for the granitic rocks in the vicinity of
the Mt. Sorak. On the basis of elemental variations and Sr isotope compositions, an possible evo-
lutional process for the granitic magmas in this area is suggested. The primary magma of I-type
and magnetite-series generated about 125 Ma by partial melting of igneous originated crustal
materials, might be emplaced and evolved through fractional crystallization, convection and as-
similation of the surrounding Precambrian metasediments to become S-type and ilmenite-series
in the outer area, and then solidified to granodiorite, biotite granite and two-mica granite. At
the latest stage, the evolved hydrothermal solution altered the formerly solidified biotite granite
to alkali feldspar granite and probably later local igneous activities affected the alkali feldspar
granite again.
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INTRODUCTION

The granitic rocks in the vicinity of the Mt.
Sorak, the northeastern part of the Kyeonggi
massif, were formerly grouped into the Cre-
taceous Bulgugsa granite (KIER, 1983). Howev-
er, recent geochronological studies suggested
that all the granitic rocks from the Inje-
Hongcheon district have been formed during
late Triassic to early Jurassic period on the
basis of the Rb-Sr whole rock isochron of 212+
26.6 Ma for hornblende-biotite granodiorite
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(Jwa et al., 1990). So, nowadays, all the gran-
itic rocks distributed in the northeastern part
of the Kyeonggi massif are classified as the
Daebo granite. In this article, the age of the
granitic rocks in the vicinity of the Mt. Sorak
is reviewed with newly measured Rb-Sr iso-
tope age and the formerly published ra-
diometric ages, fission track ages for apatites,
K-Ar ages for biotites and Rb-Sr ages for two
points of biotite and whole rock (Choo ¢ al.,
1982; Jin et al., 1984). The granitic rocks in the
study area is described in terms of petrog-
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raphy and geochemistry in major and trace ele-
ments and Sr isotope. The evolutional process
of the granitic rocks is also thoroughly dis-
cussed mainly in a viewpoint of elemental and
Sr isotopic variations.

GEOLOGICAL SETTINGS

The study area is located the northeastern
part of the NE-SW elongated Mesozoic batho-
lith of granitic rocks distributed in the Kyeong-
gi massif. The area is mainly composed of Pre-
cambrian . metasedimentary basement and
Mesozoic granitic rocks (Fig. 1). The Pre-
cambrian basement, a part of the Kyeonggi
metamorphic complex, is composed of banded
gneiss, biotite gneiss, quartz-feldspathic gneiss
and biotite schist. The granitic rocks consist of

—— Legend
Granitic Porphyry Two-mica Granite
Leucocratic Porphyritic Granite Medium.grained
Alkali-feldspar Granite B33 ornodiorite

-grained :
S 07
B Mooy rox s (nferred) Fault

Fig. 1. Geologic map around the Mt. Sorak area.

granodiorite, biotite granite, two-mica granite,
alkali feldspar granite, leucocratic porphyritic
granite and granitic porphyry. Because of their
younger emplacement age and geochemical
characteristics distinct from those of the other
granites, leucocratic porphyritic granite and
granitic porphyry are excluded in this article
and will be separately dealt in a preparing
paper. Granodiorite is distributed in the cen-
tral part of the study area and near the Baek-
damsa, and is coarse grained with porphyritic
textures in some localities. Granodiorite con-
tams characteristically biotite and hornblende
in most rock samples. Biotite granite is a medi-
um to coarse grained equigranular rock and
shows gradual contact relations with two-mica
granite and metamorphic country rocks. Mig-
matitic rocks are often observed along the
boundary between biotite granite and country
rocks. Fine to medium grained two-mica gran-
ite is distributed in the northwestern boun-
daries contacted with Precambrian basement.
Alkali feldspar granite, which is mainly ex-
posed along the road passing the Hangyeryeong,
contains pinkish alkali feldspar. Recently all
the granitic rocks in the Inje-Hongcheon dis-
trict, southwestern extension of the study area,
were interpreted to be emplaced during late
Triassic to early Jurassic period (about 212Ma)
(Jwa et al., 1990).

PETROGRAPHIC DESCRIPTION OF
THE GRANITIC ROCKS

The granitic rocks in the study area can be
classified into granodiorite, biotite granite, two-
mica granite, alkali feldspar granite, and
additionally leucocratic porphyritic granite
and granitic porphyry non-described in this
paper. Granodiorite is generally coarse grained
rock with some porphyritic feature of pale
pinkish alkali feldspar phenocrysts and consists
mainly of quartz, plagioclase, alkali feldspar,
biotite, hornblende and minor minerals such as
zircon, sphene, apatite and magnetite. Secon-
dary minerals are sericite, chlorite, epidote, cal-
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cite and pyrite. Plagioclase generally shows al-
bite twin and is occasionally altered to sericite.
Alkali feldspar is microperthite or microcline.
Green hornblende occurs as prismatic or rhom-
bic forms occasionally with lamella twinning.
Greenish chlorite and some epidote are de-
veloped along the rim of hornblende. Biotite
shows a strong pleochroism of greenish or
brown to dark brown color under the mi-
croscope and is altered to chlorite along
cleavage planes. Apatite, sphene and zircon oc-
cur generally in association with biotite.

Biotite granite is medium grained in the
northwestern area and coarse grained in the
southeastern area. The rock is composed main-
ly of quartz, plagioclase, alkali feldspar, biotite
with minor muscovite, zircon, apatite and mag-
netite. Secondary products are sericite, chlo-
rite, epidote, calcite and pyrite. Plagioclase ex-
hibits Carlsbad-albite twinning and zonal fea-
tures in some sections. Alkali feldspar is mi-
croperthite, microcline and orthoclase. Biotite
shows a brown to dark brown pleochroism und-
er the microscope. Poorly cleavaged muscovite
is often found as a minor mineral.

Two-mica granite is fine to medium grained
and equigranular, and consists of quartz, pla-
gioclase, alkali feldspar, biotite, muscovite, zir-
con, apatite and secondary minerals such as
sericite, chlorite, epidote, calcite and opaque
minerals. Plagioclase has Carlshad-albite or al-
bite twin and often shows myrmekitic in-
tergrowth texture. Alkali feldspar is mainly mi-
croperthite and microcline. Biotite showing
brown to dark brown pleochroism has usually
good cleavage with some bended -crystals.
Muscovite occurs as tabular forms and is close-
ly associated with biotite. Zircon, apatite and o-
paques occur as minor minerals.

Alkali feldspar granite is wholly pinkish due
to pinkish to reddish alkali feldspars and con-
sists of microcline, quartz, plagioclase, biotite,
chlorite, zircon, muscovite, magnetite. Alkali
feldspar exhibits unclear looking probably due
to numerous tiny inclusions and occurs as mi-
croperthite.
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WHOLE ROCK GEOCHEMISTRY

Granitic rock specimens (Fig. 2) were analyz-
ed for major and trace elements including rare
earth elements (REE). Major element data were
obtained by a combination of X-ray Flu-
orescence (XRF) method and gravimetric tech-
niques at the Ssangyong Research Center (Table
1). Trace elements were determined by in-
ductively coupled plasma - atomic emission spec-
trometry (ICP-AES), instrumental neutron ac-
tivation analysis (INAA) and XRF at the Ac-
tivation Laboratory Ltd., Canada (Table 1).

The Harker's diagrams of major oxide a-
bundances versus SiO: contents reveal gen-
erally regular variation trends with somewhat
scattered variations in FeO, Fe 0; and MnO for
all granitic rocks in this area (Fig. 3). With the
increase of Si0O. contents the contents of AlQs,
Ca0, MgO, FeO, Fe: 05 TiO; and PAs decrease
systematically, while KO content increases reg-
ularly and Na:0 content does not vary, which
is a typical differentiation trend in a granitic
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Fig. 2. Sample locations of the granitic rocks in the
study area.
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Table 1. Major element abundances(wt.%), trace element abundances(ppm) and CIPW norms.

Map No. 1 2 3 4 5 6 7 8 9 10 11
Field No. SR-01-5 SR-01-3 SR-23 SR-24 SR-25 SR-35 SR-35-3 SR-37 SR-32 SR-30 SR-17
Rock type GD GD GD GD GD GD GD GD GD GD MBG

SiO, 63.53 65.87 60.10 68.24 68.76 64.54 62.78 67.41 59.49 62.08 72.58

TiO, 0.67 0.59 0.58 0.34 0.40 0.56 0.59 0.47 0.83 0.53 0.28
AlOs 15.55 15.72 17.52 15.64 16.14 15.82 16.01 15.39 17.58 17.53 13.74
Fe,O 1.87 1.81 3.22 1.04 1.02 1.97 2.08 1.24 3.21 2.61 0.36
FeO 2.62 2.31 2.19 1.60 1.89 2.49 2.24 2.80 3.35 2.48 2.55
MnO 0.07 0.06 0.10 0.04 0.06 0.08 0.08 0.06 0.10 0.09 0.04
MgO 1.67 1.45 3.08 1.36 1.28 212 2.03 1.32 2.96 2.81 1.00
Ca0 4.43 4.13 532 3.18 3.46 4.42 4.88 3.44 5.64 5.10 1.38
Na 0 3.17 322 3.61 3.40 3.60 3.10 3.30 3.44 3 3.32 2.84
K0 2.98 3.55 1.68 3.08 2.64 2.52 2.50 3.12 2.02 2.08 4.04
POs 0.15 0.13 0.20 0.12 0.16 0.20 0.17 0.14 0.24 0.22 0.08
LOI 1.04 0.83 1.40 0.84 1.22 0.98 1.35 0.88 1.94 1.46 0.72
Total 97.75 99.67 99.00 98.88  100.63 98.80 98.01 100.21 10.47  100.31 99.61
Ba 849.0 961.0 866.0 818.0 730.0 718.0 780.0 820.0 918.0 900.0 658.0
Rb 103.0 123.0 62.0 90.0 92.0 81.0 80.0 125.0 85.0 69.0 1840
Sr 425.0 400.0 600.0 444.0 466.0 472.0 533.0 410.0 515.0 544.0 168.0
Cr 107.0 120.0 150.0 95.0 110.0 110.0 128.0 100.0 110.0 150.0 130.0
Ga 26.0 28.0 17.0 19.0 19.0 20.0 24.0 20.0 17.0 21.0 16.0
Nb 13.0 12.0 9.0 6.0 7.0 10.0 10.0 10.0 6.0 7.0 19.0
Ni 41.0 45.0 59.0 33.0 48.0 41.0 47.0 52.0 57.0 54.0 49.0
Pb 7.0 9.0 11.0 15.0 13.0 11.0 5.0 16.0 9.0 8.0 32.0
Th 13.2 136 11.0 8.0 12 110 7.2 16.0 100 5.0 20.0
\ 39.0 34.0 136.0 45.0 56.0 90.0 56.0 53.0 108.0 109.0 39.0
Y 22.0 21.0 16.0 8.0 12.0 16.0 20.0 4.0 20.0 20.0 20.0
Iin 66.0 58.0 89.0 62.0 5.0 80.0 57.0 78.0 88.0 70.0 59.0
Zr 196.0 164.0 144.0 110.0 336.0 172.0 135.0 157.0 181.0 151.0 136.0
Be 2.0 2.0 2.0 3.0 3.0 2.0 2.0 4.0 2.0 2.0 3.0
Co 9.1 8.2 18.0 6.6 7.4 11.0 9.6 8.6 14.0 15.0 9.7
Cs 14 1.7 5.1 1.2 24 20 11 3.7 2.7 15 4.3
Cu 5.0 4.0 11.0 2.0 2.0 6.0 7.0 11.0 8.0 4.0 19.0
Hf 4.2 4.2 5.5 4.5 5.1 5.3 3.6 4.9 5.4 4.7 6.3
Mo 7.0 5.0 2.0 2.0 4.0 6.0 6.0 5.0 4.0 3.0 9.0
Sc 8.4 7.2 17.0 4.3 5.0 9.4 8.7 8.3 13.0 13.0 6.6
Ta 0.8 0.8 0.3 0.9 1.3 11 0.6 0.9 0.3 0.9 2.0
U 11 2.0 0.6 1.6 19 11 1.3 3.2 1.3 0.9 6.1
CIPW NORMS

qz 21.43 22.41 16.80 27.48 27.90 23.81 20.64 24.94 16.79 19.60 34.55
c - - 0.52 1.22 1.45 0.44 - 0.93 0.60 1.09 2.38
or 17.61 20.98 9.93 18.20 15.60 14.89 14.77 18.44 11.94 12.29 23.88
ab 26.82 27.25 30.80 28.77 30.46 26.23 27.92 29.11 26.32 28.01 24.03
an 19.40 17.96 25.09 14.99 16.12 20.62 21.49 16.15 26.41 23.87 6.32
wo - - - - - - - - - - -
di-di 0.88 0.96 - - - - 1.01 - - - -
di-he 0.42 0.43 - - - - 0.27 - - - -
hy-en 3.75 3.18 7.67 3.39 3.19 5.28 4.59 3.29 7.37 7.00 2.49
hy-fo 2.07 1.66 0.59 1.59 2.08 2.17 1.42 345 2.31 1.69 4.00
mt 2.71 2.62 4.67 151 148 2.68 3.02 1.80 4.65 3.78 0.52
il 1.27 112 1.10 0.65 0.76 1.06 1.12 0.89 1.58 1.01 0.53
he - - - - - - - - - - -
ap 0.36 0.03 0.47 0.28 0.38 0.47 0.40 0.33 0.57 0.52 0.19

GD:Granodiorite, MBG:Medium-grained Biotite Granite, TMG:Two-mica Granite,
CBG:Coarse-grained Biotite Granite, AFG:Alkali Feldspar Granite
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Table 1. Continued.
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Map No. 12 13 18 19 20 21 22 31 32 33 34
Field No. SR-9 SR-19-2 SR-39 SR-38-1 SR-38 SR-36 SR-3¢ SR-01 SR-17-2 SR-27 SR-26
Rock type  MBG MBG MBG MBG MBG MBG MBG TMG T™G TMG T™G
Si0; 73.90 68.56 69.32 72.20 69.98 73.30 72.97 72.85 70.36 70.14 72.16
TiO, 0.22 0.41 0.34 0.29 0.18 0.16 0.10 0.19 0.34 0.24 0.24
AlLOs 14.36 15.30 16.13 13.21 14.98 13.92 15.03 14.13 13.55 14.02 14.92
Fe0 0.71 141 0.51 0.41 0.20 0.29 0.14 0.36 0.53 0.57 0.42
FeO 0.90 1.39 291 2.01 1.59 1.27 0.92 1.36 2.76 1.93 1.42
MnO 0.01 0.05 005 - 0.04 0.04 0.02 0.02 0.04 0.05 0.04 0.04
MgO 0.32 1.10 1.45 0.72 0.54 0.32 0.29 0.46 1.09 0.94 0.40
Ca0 0.70 3.04 1.38 1.47 1.42 1.24 1.52 1.48 1.47 1.38 1.40
Na 0O 3.06 3.74 2.61 3.00 3.12 2.98 3.15 2.88 2.97 3.08 3.30
K0 5.50 3.37 4.16 4.37 4.64 5.00 5.64 5.80 3.85 4.00 4.88
P05 0.08 0.13 0.08 0.07 0.08 0.08 0.10 0.14 0.08 0.12 0.12
LOI 0.56 0.95 1.15 0.74 0.74 0.52 0.41 0.97 1.05 1.26 0.62
Total 100.32 99.45 100.09 98.53 97.51 99.10 100.29 100.66 98.10 97.72 99.92
Ba 1291.0 1177.0 783.0 603.0 682.0 710.0 1314.0 894.0 746.0 598.0 1004.0
Rb 165.0 95.0 192.0 213.0 208.0 207.0 136.0 209.0 189.0 175.0 175.0
Sr 268.0 545.0 190.0 209.0 210.0 196.0 283.0 251.0 200.0 144.0 270.0
Cr 120.0 130.0 120.0 119.0 86.0 88.0 74.0 160.0 142.0 120.0 55.0
Ga 15.0 27.0 18.0 27.0 17.0 35.0 14.0 19.0 28.0 20.0 17.0
Nb 8.0 8.0 10.0 19.0 12.0 14.0 4.0 11.0 19.0 18.0 10.0
Ni 52.0 42.0 51.0 52.0 42.0 37.0 27.0 37.0 60.0 50.0 24.0
Pb 25.0 11.0 29.0 26.0 36.0 31.0 41.0 33.0 21.0 26.0 29.0
Th 27.0 7.6 32.0 21.9 27.0 24.0 15.0 35.0 22.0 27.0 24.0
A% 8.0 28.0 42.0 19.0 17.0 9.0 6.0 7.0 25.0 30.0 18.0
Y 14.0 19.0 50.0 28.0 28.0 8.0 22.0 6.0 38.0 4.0 12.0
Zn 370 45.0 74.0 46.0 59.0 46.0 15.0 320 43.0 56.0 48.0
Zr 165.0 167.0 157.0 159.0 86.0 106.0 48.0 121.0 289.0 110.0 184.0
Be 2.0 2.0 2.0 2.0 5.0 2.0 3.0 2.0 2.0 4.0 3.0
Co 3.2 5.3 13.0 44 5.9 2.8 2.2 4.1 8.3 8.0 3.7
Cs 2.0 2.1 7.1 3.8 4.8 3.7 2.9 2.2 3.6 6.2 3.0
Cu 6.0 7.0 9.0 5.0 2.0 1.0 1.0 6.0 13.0 10.0 1.0
Hf 6.4 3.3 5.3 34 4.3 5.0 2.4 5.6 5.5 4.8 6.3
Mo 7.0 6.0 5.0 9.0 2.0 5.0 4.0 6.0 7.0 2.0 3.0
Sc 3.8 4.4 94 4.3 39 2.8 1.9 2.6 6.5 5.6 3.9
Ta 0.3 0.5 11 1.1 1.7 1.3 1.0 1.2 1.0 1.7 1.1
U 1.6 1.2 8.2 8.6 11.0 6.3 3.8 36 5.7 5.9 48

CIPW NORMS
qz 32.97 25.75 31.29 32.66 29.30 33.07 28.99 29.54 31.90 31.64 30.14
c 2.29 0.28 5.02 1.04 2.43 1.54 1.22 0.76 2.02 2.40 1.95
or 32.50 19.92 14.58 25.83 27.42 29.55 33.33 32.48 22.75 23.64 28.84
ab 25.89 31.65 22.09 25.39 26.40 25.22 26.66 24.37 25.13 26.06 27.92
an 2.95 14.23 6.32 6.84 6.52 5.63 6.89 6.43 6.77 6.06 6.16
wo - - - - - - - - - - -
di-di - - - - - - - - - - -
di-he - - - - - - - - - - -
hy-en 0.80 2.74 3.61 1.79 1.35 0.80 0.72 1.15 2.72 2.34 1.00
hy-fo 0.72 0.80 4.45 2.94 2.53 1.87 1.45 1.9 4.16 2.75 1.94
mt 1.03 2.04 0.74 0.61 0.29 0.42 0.20 0.52 0.77 0.83 0.61
il 0.42 0.78 0.65 0.55 0.34 0.30 0.19 0.36 0.65 0.46 0.46
he - - - - - - - - - - -
ap 0.19 0.31 0.19 0.17 0.19 0.19 0.24 0.33 0.19 0.28 0.28
Vol. 5, No. 1, 1996
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Table 1. Continued.

Map No. 35 36 14 15 16 17 23 24 25 26 27 28
Field No. SR-41 SR-40 SR-16-3 SR-16 SR-15 SR-14 SR-31 J-11 J-10 J-09 J-06 SR-28-3
Rock type TMG TMG CBG CBG CBG CBG CBG CBG CBG CBG CBG CBG

Si0, 7316 7380 7455 7428 71.02 7262 7226 7240 73.78 72.85 7168 68.32
TiO, 0.22 0.08 0.17 0.12 0.18 0.16 0.08 0.19 0.18 0.15 0.18 0.34
Al O 1360 1416 1301 1348 1494 1388 14.08 1369 1354 1370 1362 14.61
Fe, 0 0.29 0.07 1.13 0.42 0.87 0.90 0.17 1.21 1.23 1.14 1.23 1.21
FeO 2.20 0.87 0.45 1.33 0.93 0.90 0.26 0.77 0.60 0.45 0.50 1.75
MnO 0.04 0.02 0.11 0.12 0.08 0.10 0.02 0.06 0.06 0.05 0.05 0.06
MgO 0.88 0.28 0.19 0.18 0.42 0.38 0.22 0.38 0.35 0.26 0.38 1.30

Ca0 1.16 1.32 1.00 0.94 1.86 1.50 1.04 1.56 0.32 1.35 1.05 3.23
Na0 2.52 3.24 3.75 3.68 3.94 3.78 3.42 3.61 3.57 3.75 3.53 2.94
K:0 3.80 4.64 4.58 4.68 3.92 4.20 512 4.35 4.41 4.42 4.59 4.25
P05 0.12 0.08 0.05 0.08 0.08 0.08 0.04 0.12 0.07 0.06 0.07 0.09
LOI 0.84 0.50 0.49 0.54 0.68 2.20 0.78 0.69 0.54 0.59 1.34 1.24

Total 9883 99.06 9948 9985 98.92 100.70 9749 99.03 9965 9877 9822 99.34

Ba 518.0 572.0 3580 4740 11340 6740 4280 6760 491.0 5770 717.0 7850
Rb 1700 156.0 1580 1740 147.0 183.0 2200 1990 1730 1980 1710 1370

Sr 130.0 1480 122.0 1300 402.0 292.0 1320 2230 1990 1520 2430 3100
Cr 110.0 720 101.0 1100 77.0 1100 75.0 89.1 85.0 89.3 1110 155.0
Ga 16.0 13.0 20.0 16.0 15.0 14.0 18.0 23.0 22.0 23.0 20.0 21.0
Nb 14.0 6.0 21.0 22.0 14.0 19.0 8.0 16.0 14.0 14.0 13.0 12.0
Ni 44.0 38.0 37.0 42.0 41.0 53.0 41.0 37.0 32.0 30.0 42.0 59.0
Pb 27.0 44.0 5.0 14.0 14.0 12.0 35.0 30.0 24.0 15.0 18.0 15.0
Th 18.0 20.0 21.7 25.0 17.0 23.0 8.5 22.5 231 21.0 24.1 25.6
A 25.0 5.0 4.0 8.0 17.0 19.0 3.0 8.0 7.0 8.0 33.0 34.0
Y 12.0 4.0 39.0 36.0 8.0 12.0 12.0 19.0 20.0 19.0 27.0 23.0
Zn 64.0 32.0 236... 300 17.0 25.0 35.0 41.0 24.0 26.0 31.0 39.0
Zr 1300 1000 1160 1300 1160 1240 42.0 87.0 920 1090 162.0 156.0
Be 3.0 3.0 2.0 4.0 3.0 3.0 5.0 2.0 2.0 22.0 2.0 22.0
Co 81 29 1.6 2.3 3.2 3.8 24 2.5 1.7 2.5 5.8 7.1
Cs 4.6 3.3 14 29 0.7 1.0 2.7 3.5 18 2.9 1.3 2.1
Cu 12.0 4.0 3.0 8.0 6.0 7.0 1.0 4.0 2.0 4.0 4.0 7.0
Hf 46 3.9 2.6 4.9 4.6 44 2.6 31 2.2 3.0 41 4.0
Mo 4.0 6.0 5.0 9.0 16.0 6.0 4.0 8.0 8.0 8.0 7.0 6.0
Sc 54 2.0 3.0 4.6 33 5.1 13 2.6 2.2 2.6 6.1 6.7
Ta 0.9 0.6 0.3 16 0.9 15 1.3 1.0 0.7 14 0.7 1.1
U 5.9 23 1.8 4.6 2.0 3.2 3.7 3.5 3.1 6.1 46 4.4
CIPW NORMS
qz 3890 3351 3291 3194 2833 3062 3022 31.08 3298 3101 30.96 25.83
c 3.52 1.60 0.19 0.84 1.03 0.58 1.12 0.49 0.66 0.44 1.10 0.00
or 2246 2742 2707 2766 2317 2482 3026 2571 2606 2612 2713 25.12
ab 21.32 2742 3173 3114 3334 3199 2894 3055 3012 31.73 29.87 2488
an 4.97 6.03 4.63 4.14 8.71 6.92 490 0.96 6.09 6.31 475 1412
wo - - - - - - - - - - - 0.00
di-di - - - - - - - - - - - 0.73
di-he - - - - - - - - - - - 0.34

hy-en 2.19 0.70 0.50 0.45 1.05 0.95 0.55 0.95 0.87 0.65 0.95 2.90
hy-fo 3.51 1.44 0.00 212 0.84 0.83 0.24 0.21 0.00 0.00 0.00 1.58

mt 0.42 0.10 1.32 0.61 1.26 1.30 0.25 1.75 1.61 1.18 1.25 175

il 0.42 0.15 0.32 0.23 0.34 0.30 0.15 0.36 0.34 0.28 0.34 0.65
he - - 0.22 - 0.00 - - - 0.12 0.33 0.37 -
ap 0.28 0.19 0.12 0.19 0.19 0.19 0.09 0.28 0.17 0.14 0.17 0.21

J. Petrol. Soc. Korea



Geochemistry and Petrogenesis of the Granitic Rocks in the Vicinity of the Mt. Sorak 41
Table 1. Continued.
Map No. 29 30 37 38 39 40 41 42 43 4 45 46
Field No. SR-28-1 ]J-3 SR-29-2 SR-29 SR-28 ]J-71 SR-18 SR-20 SR-21 SR-22 0Q-03 0-05
Rock type CBG CBG CBG CBG CBG CBG AFG AFG AFG AFG AFG  AFG
SiO; 6742 6933 7314 7420 7270 7329 7712 7630 7522 7322 7583 75.09
TiO; 0.34 0.29 0.20 0.06 0.16 0.20 0.05 0.04 0.06 0.04 0.09 0.06
ALO; 1429 1396 1361 1386 1502 13.80 1266 13.00 1274 1258 1224 12.64
Fe,0, 1.64 1.67 0.58 0.38 0.38 0.75 0.50 0.72 0.80 0.84 1.22 0.92
FeO 1.60 1.05 1.29 0.65 1.24 1.10 0.61 0.45 0.65 0.58 0.29 0.45
MnO 0.06 0.04 0.05 0.04 0.06 0.06 0.02 0.02 0.04 0.04 0.02 0.02
MgO 1.47 1.08 0.37 0.10 0.36 0.42 0.01 0.02 0.08 0.12 0.06 0.04
Ca0 2.77 241 1.50 0.60 1.44 1.64 0.40 0.36 0.44 0.76 0.57 0.56
Na;0 3.13 2.91 3.60 372 3.50 3.69 4.10 4.30 4.24 4.18 414 4.19
K0 4.24 4.61 4.25 476 4.48 4.21 4.34 4.28 4.24 4.52 4.30 4.34
P:0s 0.10 0.10 0.07 0.04 0.12 0.07 0.06 0.04 0.04 0.08 0.03 0.03
LOI 1.66 0.85 0.88 0.70 0.70 0.64 0.31 0.34 0.36 0.68 0.39 0.54
Total 9872 9830 9954 99.11 10016 99.87 100.18 99.87 9891 9764 99.18 98.88
Ba 666.0 736.0 558.0 1820 678.0 629.0 31.0 30.0 24.0 40.0 81.0 80.0
Rb 153.0 176.0 2190 330.0 2310 1860 449.0 641.0 7190 4220 593.0 675.0
Sr 308.0 2380 2020 360 176.0 226.0 8.0 8.0 20 18.0 17.0 16.0
Cr 147.0 93.0 103.0 67.0 87.0  100.0 71.0 74.0 70.0 81.0 129.0 131.0
Ga 21.0 25.0 24.0 22.0 20.0 20.0 28.0 27.0 29.0 30.0 40.0 41.0
Nb 15.0 14.0 16.0 29.0 16.0 15.0 53.0 74.0 81.0 60.0 . 77.0 75.0
Ni 50.0 39.0 37.0 30.0 33.0 39.0 38.0 36.0 24.0 28.0 41.0 44.0
Pb 10.0 28.0 19.0 35.0 21.0 24.0 29.0 55.0 42.0 34.0 34.0 36.0
Th 21.6 22.7 27.0 17.0 26.0 24.5 43.0 65.0 73.0 51.0 53.0 50.0
v 37.0 9.0 8.0 20 13.0 9.0 2.0 1.0 1.0 1.0 2.0 2.0
Y 29.0 20.0 22.0 36.0 2600 22.0 80.0 120.0 116.0 88.0 98.0 102.0
Zn 39.0 37.0 25.0 20.0 66.0 36.0 51.0 50.0 67.0 48.0 36.0 37.0
Zr 158.0 1120 103.0 30.0 1400 1140 1440 2240 2020 1540 2300 186.0
Be 2.0 2.0 3.0 8.0 5.0 220 13.0 10.0 12.0 12.0 5.0 4.0
Co 7.8 2.7 2.6 1.9 2.8 2.5 14 14 1.2 1.3 1.5 15
Cs 18 3.0 5.1 50 6.2 2.2 11.0 11.0 15.0 54 7.6 9.0
Cu 50.0 5.0 4.0 3.0 7.0 3.0 4.0 5.0 2.0 5.0 3.0 4.0
Hf 3.7 2.9 2.8 36 3.7 2.0 7.9 12.0 15.0 8.8 10.2 9.4
Mo 9.0 7.0 11.0 2.0 8.0 7.0 12.0 7.0 2.0 6.0 10.0 9.0
CIPW NORMS

qz 24.77 2820 3161 3263 3108 31.23 3565 3412 3315 30.07 3423 3238
c 0.00 0.04 0.53 1.59 2.08 0.36 0.63 0.73 0.47 - - -
or. 25.06 2724 2512 2813 2648 2488 2565 2529 2506 26.71 2541 2565
ab 26.49 2462 3046 3148 2962 3123 2469 3639 3588 3537 35.03 36.3
an 1242 11.30 6.98 2.72 6.36 7.68 1.59 1.52 1.92 221 1.84 242
wo - - - - - - - - - - 016 -
di-di 0.42 - - - - - - - - 0.41 0.32 0.13
di-he 0.11 - - - - - - - - 0.45 - -
hy-en 347 2.69 0.92 0.25 0.90 1.05 0.02 0.05 0.2 0.11 - 0.04
hy-fo 1.07 0.14 1.65 0.85 1.81 1.18 0.66 0.2 0.51 0.14 - -
mt 238 242 08 055 055 109 072 104 116 122 074 133
tile 0.65 0.55 0.38 0.11 0.30 0.38 0.09 0.08 0.11 0.08 0.17 0.11
ap - - - - - 0.00 - - - - 0.71 -
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Fig. 3. Abundances of major elements plotted against
SiO, contents for the granitic rocks in the study area.
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Fig. 4. Normative Albite(Ab)-Orthoclase(Or)-

Anorthite(An) diagram for the granitic rocks in the
study area(After O'Connor, 1965).

magma. A normative Or-An-Ab diagram for
the granitic rocks in the area distinguishes

Al feldspar Granite
Coarse.grained Blotite Granite
Two-mics Granite
Medium-grained Biatite Graniie
Granodiorite

o0 ed»

Tholeiitic

Fig. 5. AFM diagram for the granitic rocks in the
study area(Irvine and Baragar, 1971).

granodiorite in a granodiorite and tonalite
domain from biotite granite, two-mica granite
and alkali feldspar granite in a granite domain
(Fig. 4). Granitic rocks display a calc-alkaline
trend in the AFM diagram (Fig. 5). In the well-
known ACF diagram, granodiorite and alkali
feldspar granite are plotted in the field of I-
type, whereas two-mica granite of and biotite
granite of both I- and S-type granitic rocks
(Fig. 6). As shown in the discrimination di-
agrams of magnetite- and ilmenite-series gran-
itic rocks (Fig. 7), granodiorite and alkali feld-
spar granite are plotted in the field of mag-
netite-series, two-mica granite in the ilmenite-
series, and biotite granite is scattered in both
fields.

Abundances of Ba, Sr and Sc shows a strong
depletion pattern with the increase of SiO. con-
tent, while those of Rb, Nb, Th and U vary in
an enrichment trend (Fig. 8). Contents of Y,
Zr and Ga are dispersed. The tectonic dis-
crimination diagrams proposed by Pearce ¢f al.
(1984) suggest that the granitic rocks in the
study area are classified as volcanic arc and
syn-collisional granites except alkali feldspar
granite as within-plate granite (Fig. 9). The
chondrite-normalized REE patterns for the

J. Petrol. Soc. Korea
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Fig. 6. 1- and S-type granite classification diagrams
(Hine et al., 1978).
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Fig. 7. Magnetite-(Mt.) and Ilmenite-series(Il.) gra-

nitoid classification diagrams.

a) TiO,-FeO-Fe:0; diagram.

b) D.I(Differentiation Index) vs Oxidation Ratio for
the granitic rocks in the study area.
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Fig. 8. Trace element concentrations(ppm) plotted
against SiO; contents for the granitic rocks in the
study area.

granitic rocks are shown in Fig. 10. Grano-
diorite shows a relatively uniform pattern with
almost no Eu anomalies and relatively high (La/
Lu)e ratios. Biotite granite and two-mica gran-
ite show relatively wider but generally similar
patterns except moderately negative Eu
anomalies compared with granodiorite. Alkali
feldspar granite exhibits a characteristic
pattern of V-shaped flat wing-type with low
(La/Lu)ex ratios of 1.20-2.19 and excessively
negative Eu anomalies.

Rb-Sr ISOTOPE SYSTEMATICS

Sr isotopic compositions of the represen-
tative samples were determined at the Korea
Basic Science Center (Table 2). A plot of *Rb/
*Sr-¥Sr/*Sr for the granitic rocks in the study
area does not form a single isochron but shows
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Fig. 9. Plots for granitic rocks on the discrimination
diagrams of Pearce ef al.(1984).

VAG : Volcanic Arc Granites, WPG : Within-Plate
Granites, syn-COLG : syn-Collisional Granites, ORG :
Ocean Ridge Granites.
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Fig. 10. REE abundances normalized to chondrites for
the granitic rocks in the study area.

three linear trends; one for samples of grano-
diorite, biotite granite and two-mica granite

from northwestern area indicates an age of
899167 Ma and a Sr initial ratio of 0.70727%
0.00060, another for some biotite granite sam-
ples from southeastern area yields an age of
318+38 Ma with an initial ratio of 0.7063+%
0.0011, the other for the other biotite granite
samples from southeastern area exhibits an
age of 125.6+4.4Ma and. an Initial ratio of
0.70940+£0.00011 (Fig. 11). These trends are
separated depending on geographical locations
rather than on petrographic characteristics,
which suggests that the Sr isotopic compositions
of the granitic rocks have been locally affected
by Precambrian basements. Alkali feldspar
granite samples, even though only three meas-
urements, are plotted irregularly in the ¥Rb/
®Sr-¥Sr/*Sr diagram, and so do not form any
meaningful isochron, which indicates the alkali
feldspar granite was originally heterogeneous
in Sr isotopic composition or has been
1sotopically disturbed since its emplacement.

AGE OF EMPLACEMENT

The granmitic rocks in the study area and
hornblende-biotite granodiorite and porphyritic
biotite granite in the Inje-Hongcheon district,
southwest of this study area, were formerly
grouped into the Cretaceous Bulgugsa granite
(KIER, 1983). However, recent geochemical
studies (Jwa, 1990; Jwa, 1991; Jwa et al., 1990)
suggested that all the granitic rocks from the
Inje-Hongcheon district have been formed dur-
ing late Triassic to early Jurassic period on the
basis of the Rb-Sr whole rock isochron of 212+
26.6 Ma for hornblende-biotite granodiorite
and explained the Sr isotopic inhomogeneities
in equigranular, porphyritic and two-mica gran-
ites in terms of wall-rock assimilation as well
as fractional crystallization in 2 magma chamb-
er. According to these studies of Jwa and his
colleagues, nowadays all the granitic rocks dis-
tributed in the northeastern part of the
Kyeonggt massif are classified as the Daebo
granite.

Three ages for the granitic rocks in the

J. Petrol. Soc. Korea
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Table 2. Elemental abundances of Rb and Sr, and ratios of “Rb/*Sr and *Sr/®Sr.

45

MAP NO. TYPE" Rb(ppm) Sr(ppm) "Rb/**Sr ¥Sr/%gr?

1 GD 103 425 0.702 0.7168740.000007

2 GD 123 400 0.891 0.71723+0.000006

3 GD 62 600 0.299 0.71162+0.000006

4 GD 90 444 0.587 0.7151310.000006

8 GD 125 410 0.883 0.71780:0.000006

9 GD 85 515 0.478 0.71241+0.000014
11 MBG 184 168 3.18 0.75206+0.000006
21 MBG 207 196 3.06 0.73050=0.000006
34 TMG 175 270 1.88 0.72755+0.000007
35 TMG 170 130 3.80 0.760030.000007
15 CBG 174 130 3.88 0.716090.000007
16 CBG 147 402 1.06 0.711310.000007
23 CBG 220 132 483 0.73124£0.000009
26 CBG 173 199 2.52 0.71895+0.000006
27 CBG 198 152 3.78 0.7226010.000007
38 CBG 330 36 26.7 0.758080.000007
39 CBG 231 176 3.80 0.72073:0.000006
42 AFG 641 8 245 1.298440.000025
44 AFG 422 18 69.3 0.92395+0.000008
46 AFG 675 16 128 1.18986:£0.000008

Y GD:Granodiorite, MBG:Medium-grained Biotite Granite, TMG:Two-mica Granite, CBG:Coarse-grained Biotitie Granite,
AFG:Alkali Feldspar Granite ” Normalized to *Sr/®Sr=0.1194. Measured *Sr/®Sr of NBS987 : 0.710223+0.000006
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Fig. 11. Rb-Sr isochrons for the granitic rocks in the study area.
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Table 3. Summary of published fission track, K-Ar and Rb-Sr ages for the granitic rocks in the Inje area.

No. in Fig. 2 Geological Age” Ag e(l\I/?I.a’I)‘;_L 16? Age(II\{/I-eri 16¥ Age(lls/][)z;)s i 16% National Grid
©) Cretaceous 40.5+5.4 129.5+6.5 129+1.4 (1553, 5082)
® Cretaceous 57.4+6.6 91.1+45 71£0.5 (1489, 5099)
© Cretaceous 82.61+4.0 (1477, 5106)
@ Cretaceous 86.0+4.0 123+0.1 (1453, 5116)
® Cretaceous 62.5+3.8 100.1%+5.0 127+2.1 (1402, 5133)

Y Geological ages adopted from Lee(1982) and the geological map of Korea (1:250,000),

Jangjeon sheet and Chuncheon sheet (GMIK, 1973).

? Fission track ages of apatite from Jin et al.(1984) ¥ K-Ar ages of biotite from Jin et al.(1984)
# Rb-Sr ages of two points for whole rock and biotite from Choo et al.(1982)

study area are calculated from linear trends
in the plot of ¥Rb/*Sr-¥Sr/*Sr (Fig. 11).
The ages of 899+67 Ma and 318+38 Ma are
too old to be considered as an age of em-
placement for the granitic rocks in this area.
Former published radiometric ages det-
ermined from the samples mainly along the
road of No. 44, Wontong through Yangyang,
passing the Hangyeryeong, indicate the pos-
sibility of the Cretaceous as an em-
placement age of granitic rocks in this area
(Table 3). With reference of the formerly
dated ages, an age of 125.6+4.4Ma cal-
culated by the slope in the plot of *Rb/*Sr-
¥Sr/*Sr for biotite granite samples from
southeastern area can be accepted as a rea-
sonable emplacement age. Apart from the In-
je-Hongcheon district, the granitic rocks in
the vicinity of the Mt. Sorak might be em-
placed during the Cretaceous period rather
than the Jurassic period.

AFC MODEL

As shown in the Harker's diagram (Fig. 3
and Fig. 8), the variations in major and some
trace elemental abundances with the increase
of SiO, contents show a typical differentiation
trend of fractional crystallization in a granitic
magma. In the normative Qz-Ab-Or diagrams
for the granitic rocks in the area (Fig. 12),
granodiorite forms a roughly linear trend
whose extension meets approximately the Ab

Qz

R L T

Ab
(b) Or Ab (C) Or

Fig. 12. Normative Qz-Ab-Or Ternary diagram for
the granitic rocks in (a) NW area, (b) SE area, (c) Al-
kali feldspar granite.

Bold pluses indicate isobaric minimum and bold cir-
cles indicate isobaric eutectic at various Puo(Kb)
[Numbers shown in (c)] (Afer Luth ef al., 1964).

corner, and medium-grained biotite granite and
two-mica granite show a common trend
extended to the AbxOrs point on the Ab-Or
boundary. Sr and Ba have pretty low corre-
lation for granodiorite but highly positive corre-
lation for the others (Fig. 13). These features
can be explained in terms of fractional cry-
stallization model, whereby a granitic magma
was evolved mainly through fractionation of
feldspars, plagioclase and alkali feldspar in the
early stage (granodiorite) and then dominantly

J. Petrol. Soc. Korea
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Fig. 13. Correlation diagram of Sr and Ba.

alkali feldspar in the later stage (biotite granite
and two-mica granite) (e.g. McCarthy and Has-
ty, 1976; Hanson, 1978). Some trace elements
such as Ba, Zr, Ga, Nb and U are strongly disp-
ersed. Since variations in trace elements are
much more sensitive to source materials and
environments of partial melting or cry-
stallization, a dispersed pattern of trace ele-
mental abundances is usual in an igneous sys-
tem. In the study area, biotite granites in mar-
ginal areas show generally wider dispersions of
elemental contents than granodiorite in the cen-
tral zone, which can be explained by con-
tamination of outer metasedimentary base-
ment. A steep increase in the ratio of MnO/
(MnO+Fe0s+Fe0+MgO+TiO:) (mol) for the
biotite granite, especially in the southeastern
area (Fig. 14), supports contamination as an ex-
ample in the batholiths of California (Auge and
Brimhall, 1988). The additional contaminants
of metasediments into granitic magma might
not have drastically changed the major ele-
mental composition of the fractionating system
(McBirney, 1979; Pitcher, 1993). Migmatitic
rocks distributed in the marginal area supports
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Fig. 14. SiOx(wt.%) vs Mol. MnO/(MnO+FeO+MgO+
Ti0,) diagram for the granitic rocks in the study area.

local assimilation.

A coupled assimilation - fractional cry-
stallization (AFC) model favorably accounts
for variations in elemental abundances and
isotopic ratios for the granitic suite. General
equations describing both isotopic effects
and trace element effects for a general
model of concurrent assimilation and frac-
tional crystallization derived by DePaolo
(1981) have been widely applied to igneous
problems. Using DePaolo's equation, the
variations of the radiogenic isotopic ratios af -
fected by assimilation and fractional cry-
stallization can be simply represented in
terms of the reciprocal elemental con-
centration as the Equation (1), which can be
rewritten as the Equation (2).

En—€n __ 1/Cu—1/Cn N
&—&n  (t+D-1)/1C,—1/Cn

&n ' isotope ratio in magma

&n :isotope ratio in original magma

& ‘isotope ratio in contaminant

Cm : elemental concentration in magma

Co': elemental concentration in original magma
C. : elemental concentration in contaminant
D : bulk solid/liquid distribution coefficient
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for the element
I ratio of assimilation rate over cry-
stallization rate

Em—€m _ _ & — En 2)
1/Ca=1/Ca  (t+D-1)/1Ca—1/Cn

The Equation (2) shows that a plot of iso-
topic ratio € versus reciprocal concentration of
magma 1/C. yields a straight line with a slope
depending on the ratio (r) of assimilation rate/
fractional crystallization rate and the bulk
distribution coefficient (D) for the element.
For simple mixing, in a case of r= or D=1,
the above Equation (2) reduces to;

fnCn____ &=fn 3
1/Co—-1/Ca  1/C.-1/Cn

which shows a simple straight mixing line
connecting two points for the original magma
and the contaminant (Vollmer, 1976; Langmuir
et al., 1978). The AFC model falls on the linear
line connecting two points (1/Cm, &) and
((1+D-1)/1C,, &). For strontium isotopes, the
Equation (3) can be applied as;

(57S1/%68r)m — (¥7S1/%SD)m _
1/Stm —1/Stm -
(87Sr/%8S1), — (¥S1/%5S1)m @)
(r+D—1Y1S1,—1/Srm

From the Equation (4), the relationship of
fractional crystallization (FC), simple mixing
and assimilation - fractional crystallization
(AFC), can be simplified in a graph of initial
“Sr/*Sr versus 1/Sr (Fig. 15). The figure of
initial ¥Sr/®¥Sr ratios calculated by assuming
the emplacement age of 125Ma versus re-
ciprocal Sr concentrations show distinctively
two linear groups with some exceptive scatter,
one for granodiorite, biotite granodiorite and
two-mica granite in the northwestern area and
the other for biotite granite in the southeast-
ern area (Fig. 16). Both lines meet around the
point of granodiorite, which can be regarded as
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Fig. 16. 1000/Sr vs initial ¥Sr/**Sr ratio diagram for
125 Ma.

primitive in this area. Differences in slopes of
two linear groups might be results of different
contaminants (different values of (¥Sr/*Sr).
and Sr.) or/and more favorably unequal ratios
(r) of assimilation rate over crystallization rate,
in other words, unequal degree of contamination
during crystallization. Generally, it can be
inferred that the granitic rocks in the
northwestern area might have been more high-
ly contaminated by the surrounding me-
tasediments having higher ¥Sr/®Sr ratios, com-
pared with those in the southeastern area.
Also ¥Sr/®*Sr and Rb/Sr shifts in a magma af-
fected by assimilation and fractional cry-
stallization yield "pseudoisochrons”, which give
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meaningless ages, 899+67 Ma and 318+38 Ma,
significantly older than the inferred geological
age, the Cretaceous period.

EVOLUTION OF GRANITIC
MAGMAS

The granitic rocks in the study area show
characteristics of reverse zoning, distribution of
granodiorite in the central zone and biotite granite
to two-mica granite in the marginal zone. Also,
granodiorite and most biotite granite in the
southeastern area represent I-type and magnetite-
series characteristics, while most biotite granite
and two-mica granite in the northwestern area
exhibit S-type and ilmenite-series ones. The re-
verse zoning, i.e. relatively more silicic in the out-
er zone, can be explained by a large scale con-
vecting model, whereby progressively more silicic
magma Is evolved in the convecting part, while re-
latively mafic magma of early stage is unchanged
in the static zone existing at the upper and/or in-
terior part. In the convecting zone, fractionation
and convection occurred from the inner part to-
ward the outer part, changed the magma more
silicic and reaction with the surrounding
Precambrian metasediments in the more reduc-
ing environment at the contact to be S-type
and ilmenite-series in the northwestern area
(Shaw, 1965; Shimizu, 1986; Jwa, 1990). The
inferred initial ¥Sr/*Sr ratio, 0.709, of the
primitive magma at 125 Ma and I-type charac-
teristics suggest that the magma have been
generated by partial melting of igneous ori-
ginated crustal materials and eventually sol-
idified to form the granitic rocks in this area
through assimilation and fractional cry-
stallization.

Alkal feldspar granite shows characteristics
distinct from the other granitic rocks in this
district, such as significantly high and scattered
¥Sr/®Sr  ratio (0.9239-1.1331), anomalous
enrichment of HFSE (high field strength
elements), heavy REE and incompatible
elements (e.g. Rb), severe depletion of com-
patible elements (Sr, Ba and etc.), and highly
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negative(-) Eu anomaly. These characteristics
are very similar to those of well-known A-
type granites (Loiselle and Wones, 1979; Col-
lins et al., 1982; Whalen, ef al, 1987) but can
not be explained simply by a single process in
connection with other granitic rocks. Hy-
drothermal alteration can be considered as a
possible hypothetical process for the evolution
of alkali feldspar granite. About 125 Ma, the
primary magma was evolved to solidify biotite
granite and at the latest stage, the evolved hy-
drothermal solution reacted with the formerly
solidified biotite granite resulting in alteration
to form alkali feldspar granite. And later, about
55Ma, which are inferred from fission track
apatite dating (Table 3) and Rb-Sr whole rock
isochron for the granitic porphyry (Kim, 1995),
the alkali feldspar granite was again affected
by local igneous activities.

CONCLUDING REMARKS

The granitic rocks widely distributed in the
vicinity of the Mt. Sorak, the northeastern
part of the NE-SW elongated Mesozoic bathol-
ith in the Kyeonggi massif, consist petro-
graphically of granodiorite, biotite granite, two-
mica granite and alkali feldspar granite. An age
of 125.6+4.4Ma calculated by the slope in the
plot of Rb/*Sr-¥Sr/*Sr for the biotite granite
samples (even though only three points) from
the southeastern area, supported by the form-
erly dated radiometric ages (Jin et al., 1984),
can be considered as an emplacement age of
the granitic rocks in the study area. This age is
much younger than the age of 212+26.6 Ma
obtained from a Rb-Sr whole rock isochron for
the hornblende-biotite granodiorite in the Inje-
Hongcheon district (Jwa, 1990).

On the basis of elemental variations and Sr
isotope compositions, an evolutional model for
the granitic magmas in this area is proposed as
follows. The primary magma of I-type and
magnetite-series, was generated by partial
melting of igneous originated crustal materials
and eventually solidified to form the granitic
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rocks in the study area through assimilation and
fractional crystallization. In the outer convecting
zone, the residual melts became more silicic
granitic magma of S-type and ilmenite-series
through convection from the inner part toward
the outer part and reaction with the sur-
rounding Precambrian metasediments in the
more reducing environment at the contact. A hy-
pothetical model of hydrothermal alteration for
the anomalous alkali feldspar granite can be con-
sidered for the evolution of alkali feldspar gran-
ite. About 125 Ma, the primary magma was
evolved to solidify biotite granite and at the la-
test stage, the evolved hydrothermal solution
probably reacted with the formerly solidified
biotite granite to form alkali feldspar granite,
and probably later the alkali feldspar granite
was again affected by local igneous activities.
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