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Petrology and geochemistry of the Seoul granitic batholith

Kwon, S.T." - Cho, D.L."' - Lan, C.Y.? - Shin, K.B.! - Lee, T.> and Mertzman, S.A.

"Department of Geology, Yonsei University, Seoul, Korea.
“Institule of Earth Sciences, Academia Sinica, P.O. Box 1-55,
Nankang, Taipei, Taiwan 115.

SDepartment of Geosciences, Franklin and Marshall College, Lancaster,
Pennsylvania, 17604-3003 U.S.A.

ABSTRACT : We report field relationship, petrography and major and trace element chemistry
for the central part of the Seoul granitic batholith of Jurassic age occurring in the Kyonggi
massif. The batholith consists mainly of biotite granite (BG) and garnet biotite granite (GBG)
with minor tonalite-quartz diorite and biotite granodiorite with or without hornblende. The
mode data, along with those reported by Hong (1984) for the biotite granite (south-BG) in
the southern part of the batholith, indicate that the many of BGs and majority of GBG and
south-BG are leucocratic. Major element data indicate that these predominant rocks of the
batholith are peraluminous. Variation trends in Harker diagrams for the major and trace
elements suggest that the BG and GBG are not related by a simple crystal fractionation process.
The same is true between the central (BG and GBG) and the southern (south-BG) parts of
the batholith, suggesting that the central and southern parts of the Seoul batholith may consist
of three seperate intrusions. Tectonic discriminations using major and trace element data and
the age of emplacement suggest that the batholith represents Jurassic plutonism related to
an orogeny, perhaps to a subduction-related continental magmatic arc.
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INTRODUCTION

Peraluminous granite is defined by the alumina
saturation index, i.e., molar Al:Os/(Ca0+Na:O+
K:0) ratio [A/CNK], being greater than one
(Shand, 1947). It incorporates a significant pro-
portion of the granitoid rocks on the surface of
the earth. It is characterized mineralogically by
the presence of Al-rich phases such as muscovite,
garnet, cordierite, or aluminosilicates.

Mesozoic granitoid rocks on the Korean peni-
nsula have been studied extensively mainly due
to their relationship with ore deposits. However,
studies about peraluminous granite are rare, de-
spite potentially signifcant distribution of this rock
type in Mesozoic granites.

The Seoul granitic batholith, whose composition
is mainly peraluminous, is one of the major plu-
tonic bodies in the Kyonggi massif. The geology
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of the northern part of the Kyonggi massif is not
well known. For example, no detailed geologic
maps have been published for this part of the
massif. However, recent interest in the tectonics
of the Kyonggi massif (Cluzel et al., 1990; Fitches
et al., 1991; Liu, 1993; Yin and Nie, 1993) has
encouraged us to investigate the Seoul batholith.
Our goal is to better understand the evolution of
the Kyonggi massif, since peraluminous granites
are known to be generally associated with con-
tinent-continent collision (e.g., Clarke, 1992).

In this study, we describe preliminary field
relationship and detailed petrography for the ce-
ntral part (Uijongbu-Pochon area) of the Seoul
granitic batholith, and present major and trace
element data for biotite granites and garnet bio-
tite granites which are predominant rock types
in the study area. With these chemical data we
discuss genetic relationships between different
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rock types, and tectonic setting. Another purpose
of this study is to promote study of peraluminous
granite, which can contribute to a better under-
standing of the nature of Mesozoic plutonism on
the Korean peninsula.

GEOLOGIC BACKGROUND

The Seoul batholith in the central part of the
Korean Peninsula has not been mapped in detail.
Only two published geologic maps are available
for the southern part of the batholith. Figure 1
is a tentative, simplified geologic map of the Seoul
batholith and its vicinity modified after GMIK (1
973). The inset of Fig. 1 shows distribution of
Jurassic Daebo granites and Cretaceous Bulgugsa
granites, which is a traditional classification of
Mesozoic granites in South Korea. Recently, ho-
wever, Triassic plutons were identified among the
so-called Daebo granites (Choo and Kim, 1986).

The Seoul granitic batholith of Mesozoic age
was intruded into Precambrian basement rocks
of the Kyonggi massif. Although the batholith has
rather irregular boundaries against the surroun-
ding rocks, it has a general distribution trend of
NNE direction as opposed to the NE trend of
other important Mesozoic batholiths in South
Korea. Several granitic stocks, such as the Kwa-
naksan granite and the Suwon granite which oc-
cur to the south of the batholith may well be its
extension.

The lithology of the Seoul batholith has been
known simply as biotite granite (GMIK, 1973).
Hong (1984) presented petrography, and major
and trace element chemistry for the southern part
(between Uijongbu and Seoul) of the batholith.
Hong (1984) concluded that the granites in this
area belong to subsolvus biotite monzogranite.

An early attempt to measure the age of the
batholith was made by Ueda (1969). Ueda repor-
ted a Rb-Sr age of 202-+/—15 Ma, a K-Ar feldspar
(K-feldspar?) age of 65Ma for the granites in
Bulamsan area and a Rb-Sr age of 165+ /—30 Ma
for the granite in Pochon area. However, it is not

clear whether the Rb-Sr ages are from a whole
rock isochron or not. Kim (1971) gave a K-Ar
K-feldspar age of 157 Ma from a granite in Ui-
jongbu area. No attempts were made to recalcu-
late the above ages using new decay constants,
since no information about decay constants used
was reported. Park (1972) and Fullagar and Park
(1975) reported Rb-Sr whole rock age of 158+ /
—1Ma (recalculated with new decay constant of
“Rb of Steiger and Jager (1977)) and initial Sr
isotope ratio of 0.7116-+/—0.0003 for the granites
in the southern part of the batholith. These ra-
diometric ages indicate that the central and sou-
thern parts of the Seoul batholith are of Jurassic
age.

Precambrian rocks in the vicinity of the Seoul
batholith consist of banded gneiss, porphyrobla-
stic gneiss with or without garnet, and granitic
gneiss belonging to the Shiung group of the Kyo-
nggl metamorphic complex (Kim, 1973; Na, 1978).
According to Na (1979), these rocks experienced
amphibolite to granulite facies metamorphism of
The reported Rb-Sr whole
rock ages of Precamrian basement samples range
from about 2.7 to 1.8 Ga; that is, late Archean to
early Proterozoic (Na and Lee, 1973; Fullagar and
Park, 1975; Choo and Kim, 1983). Although the
meaning of these ages is not clear, they can serve

low pressure type.

as the minimum age of the analyzed rocks.

FIELD RELATION AND
PETROGRAPHY

Granitic rocks in the study area can be divided
into five rock types according to their mode and
mafic mineral assemblages : biotite granite (BG),
garnet biotite granite (GBG), quartz diorite-tona-
lite, hornblende biotite granodiorite and biotite
granodiorite. The majority of rocks in the study
area belongs to the first three rock types, while
the last two types are minor. Although many BGs
and GBGs contain muscovite, it is unclear whe-
ther the muscovite is primary or secondary. The-
refore, we did not attempt any further classifi-
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Fig. 1. Simplified geologic map and sample locations of the study area modified after GMIK (1973). Symbols ; star,
biotite granite; circle, garnet biotite granite; triangle, quartz diorite or tonalite. The inset shows distribution
of Jurassic Daebo granite and Cretaceous Bulgugsa granite with tectonic provinces : KG, Kyonggi massif; OC,
Ogcheon belt; YN, Youngnam massif; KS, Kyongsang basin.

cation based on the occurrence of muscovite.
Locations of samples analyzed for mode and/or

chemistry are also shown in Fig. 1. Mode data are

listed in Table 1 and are presented in modified
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classification diagrams (Fig. 2a and 2b) of plutonic
rocks (Streckeisen, 1976). In Fig. 2a, most of rocks
in the study area, together with biotite granites
(south-BGs) of Hong(1984) from the southern
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Fig. 2. Modified classification diagrams (Streckeisen,
1976) for granitic rocks without garnet (square) and
with garnet (circle) from the central part of the Seoul
batholith and for the biotite granites (cross) from the
southern part reported by Hong (1984). Abbrevia-
tions : Gr, granite; Grd, granodiorite; Tnl, tonalite;
QD4i, quartz diorite.

part of the batholith, belong to granite, or to mo-
nzogranite with further classification based on
alkali-feldspar/plagioclase ratio. Some belong to
granodiorite, tonalite or quartz diorite. Fig. 2b
classifies granitic rocks according to their mafic
mineral contents. Some of BGs and all of GBGs
belong to leucogranite. Note that most of south-
BGs also belong to leucogranite. This indicates
that a large part of the Seoul batholith are poor
in mafic minerals.

Biotite granite is most abundant in the study
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area. Garnet biotite granite appears to crop out
in two separate places, ie. one to the north of
Uijongbu city and the other to the east of Pochon
city. The contact relationship between the biotite
granite and garnet biotite granite is not certain.
Inside the batholith, there is a small, mafic pluton
elongated to the NNE-SSW direction just to the
northeast of the Pochon city. This pluton consists
mainly of quartz diorite and tonalite, and appears
to have been intruded by a minor porphyritic
granite (sample S3). Another quartz diorite (S32)
was observed to the southeast of the Pochon city.
Biotite granodiorite (529 and S31) occurs as a
small stock in the eastern part of the batholith.
A hornblende biotite granodiorite (S34) was ob-
served in the southern part of the study area. Cho
and Kwon (1994) also reported a hornblende bio-
tite granodiorite in the central part of the batho-
lith.

Our preliminary results (Lan ¢f al. in prep.) of
whole rock Rb-Sr isotope dating indicate the fo-
llowing ages and Sr initial ratios: 156 Ma and
0.7135 for the biotite granite, 172 Ma and 0.7150
for the garnet biotite granite, and 325 Ma and
0.7108 for the quartz diorite-tonalite. This is the
first time that the Paleozoic plutonism is reported
in the Kyonggi massif.

Biotite Granite

Biotite granite is mostly medium- to coarse-
grained. Major minerals are quartz, plagioclase,
alkali feldspar and biotite. Accessary minerals are
Fe-Ti oxides, allanite, apatite, sphene and zircon.
Chlorite, epidote and muscovite occur as altera-
tion products, although some muscovite appears
to be of magmatic origin with subhedral form,
well-terminated outline and size similar to that
of biotite (Miller ef al., 1981). Quartz has subhe-
dral form, and often occurs not only as anhedral
aggregates but also as inclusions in alkali feldspar,
biotite and plagioclase. Plagioclase occurs as sub-
hedral to anhedral, platy crystals and often shows
myrmekitic textures along the margin. Some pla-
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gioclase have fine-grained biotite inclusions.
When the plagioclase occurs as inclusions in al-
kali-feldspar, it usually shows resorbed texture.
The alkali-feldspar is a subhedral perthitic mic-
rocline in most cases and it commonly includes
other minerals. Biotite is subhedral and shows
pleochroism of pale green to green, or of pale
brown to yellow brown. Biotite has inclusions of
apatite, opaque oxide minerals and zircon, and are
associated with muscovite, allanite or sphene.
Some of the biotite crystals are altered to chlorite.
Epidote occurs as inclusions in altered plagioclase
in most cases, suggesting a secondary origin.

Garnet biotite granite

Textures and phases of garnet biotite granite
are similar to those of biotite granite except for
the occurrence of garnet and lack of sphene. Some
samples have no opaque oxides. Garnet occurs as
euhedral inclusions in plagioclase or as indepen-
dent grains with resorbed and subhedral form.
Garnet is free of any inclusion. These features
suggest that the garnet is of magmatic origin ra-
ther than derived from assimilation of country
rocks (Allan and Clarke, 1981).
grains show faint optical zonation. Most muscovite

Some garnet

is thought to be of secondary origin because its
grain size is finer than that of biotite and by its
occurrence as inclusions in altered biotite and
plagioclase (Miller et al., 1981). Some euhedral
muscovite is in contact with biotite suggesting a
magmatic origin.

Quartz Diorite-Tonalite

This rock is medium-grained and often contains
plagioclase phenocrysts. Primary minerals include
plagioclase, quartz, microcline, biotite, hornblen-
de, clinopyroxene, apatite, zircon, sphene and
opaque oxide, while the secondary minerals are
chlorite, muscovite, sericite, epidote, and calcite.
Plagioclase is predominantly subhedral and platy
in form; it frequently shows optical zoning. So-
metimes skeletal sphene with resorption texture

is included in plagioclase. Phenocrystic plagioc-
lase has fine-grained biotite, hornblende and
quartz inclusions. Biotite is subhedral to anhedral
and shows pale yellow-brown to reddish brown
or dark brown pleochroism. Inclusions in biotite
are commonly zircon, apatite and opaque oxide;
rarely sphene, plagioclase or quartz. In some ca-
ses, biotite has cores of hornblende. Hornblende
is closely associated with biotite, and often occurs
as inclusions in plagioclase. Hornblende is su-
bhedral or anhedral and shows pale brownish
green to green pleochroism with patches of paler
color. Hornblende often includes fine opaque
oxide and quartz, and is partly altered to biotite.
Clinopyroxene has hornblende rim and someti-
mes are replaced completely by fine-grained ho-
rnblende aggregates with relict pseudomorph.
Microcline and quartz occur as interstitial mine-
rals.

GEOCHEMISTRY

Concentrations of major and 14 trace elements
(Rb, Ba, Sr, Zr, Y, Cr, V, Ni, Nb, Zn, Cu, U, Th,
Ga) were obtained by X-ray fluorescence measu-
rement utilizing a Philips PW-2400 vacuum spec-
trometer and using fused glass disks and pressed
powder pellets respectively at the Department of
Geology, Franklin and Marshall College, Lancas-
ter, PA, US.A. Geochemical rock standards
RGM-1 and JG-2 were prepared and analyzed as
unknowns with the Seoul batholith samples. Ba-
sed on these measurements, analytical uncertain-
ties range from < =1% for major elements whose
concentrations are >10% to approximately 5% for
those major elements whose concentrations are
<1%. For 20 trace elements measured analytical
uncertainties range from 1~2% at the 500 ppm
concentration level to 10~15% at concentrations
20 ppm. The amount of ferrous Fe was titrated
using a modified Reichen and Fahey method
(1962). Concentrations of Be, Sc, Co, La, Ce and
Yb were determined using an ICP-AES technique
at the same institution. A detailed analytical pro-
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Fig. 3. Harker diagrams for major elemjents. Abbreviations : south-BG, biotite granite from the southern part
of the Seoul batholith (Hong, 1984); BG, biotite granite; GBG, garnet biotite granite.

cedure appears in Boyd and Mertzman (1987).
Major and trace element data and calculated
CIPW norm values for biotite granites and garnet
biotite granites are given in Table 2. These data
are discussed below, in comparison with those of
biotite granites in the southern part of the batho-
lith south of Uijongbu reported by Hong(1984).

Major elements

Si0: values of BG and GBG range from 70 to
77 wt %. GBG has more restricted values of 73
to 76 wt % which are similar to those of south-BG.
Harker diagrams are shown in Fig. 3. In the dia-
grams, Al:Os, CaO, total FeOQ, MgO, TiOz and

Vol. 3, No. 2, 1994

P20s show decreasing trends with increasing SiO»,
indicating fractionation of plagioclase, a mafic
phase (probably biotite), titanomagnetite and apa-
tite. Note, however, that CaO contents of GBG
tend to have lower values than those of BG. The
K:O diagram depicts much scatter, while Na:0O
contents are fairly constant at 3.5~4.2 wt %. The
MnQO diagram also shows scattered variation, with
GBG showing tendency of higher values than BG.
In Fig. 3, south-BG has higher MgQO, total FeO,
TiOz, P20s and MnO contents and lower Al:0Os than
BG and GBG, suggesting that they are not gene-
tically related by crystal fractionation.

Most samples in the study area belong to pe-
raluminous granite, as shown in A/NK (molar
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Fig. 4. Molar ALOs/(CaO+Na:0+K:0) [A/CNK] vs.
Al:0/(Na:0+ K:0) [A/NK] diagram. Symbols are the
same as in Fig. 3.

(AL:0s/(Na:0+K=0)) -A/CNK diagram (Fig. 4) and
by the presence of corundum in CIPW norm
(Table 2). Alumina saturation indices for most
BGs and GBGs are greater than 1.05, which is
typical of S-type granite proposed by White and
Chappell (1983). In Fig. 4, the two variables show
a fair, positive correlation together with the data
for south-BG. GBGs tend to have lower A/NK
values than BG for given A/CNK values, which
is mainly due to slightly lower CaO and higher
Na:0 contents of GBG compared with those of BG.

The characteristic major element variations
shown by BG, GBG and south-BG suggest that
the origin of BG and GBG could be different from
that of south-BG, while the origin of GBG might
not be simply related to fractional crystallization
of BG.

Hong (1984) estimated the emplacement pres-
sure of south-BG to be 1~2 kbar, using normative
quartz-albite-orthoclase diagram of Tuttle and
Bowen (1958). Although the leucocratic nature of
the analyzed samples may approximate the ideal
granitic system, the method should be used with
great care. For example, it is well known that
anorthite and fluorine components can shift the
minimum composition of the Ternary system si-
gnificantly James and Hamilton, 1969; Manning
and Pichavant, 1983).

Trace elements

Trace element variations are also shown in
Harker diagrams (Figs. 5, 6 and 7). Figure 5 shows
variaiton of Rb, Sr, Ba, Be, and Ga. Sr, Ba and
Ga decrease with increasing SiOs, suggesting frac-
tionation of feldspars in agreement with major
element data. GBG tends to have lower Sr and
Ba , but higher Ga contents for given SiO: com-
pared with BG. Sr data for south-BG plot along
the BG trend. Rb contents of BG are relatively
uniform except for one sample, and those of GBG
have higher values than BG. Be contents vary
between 2 and 4.5 ppm and do not show corre-
lation with SiOs.

Concentration of transition metals are generally
low (Fig. 6), as can be expected for highly diffe-
rentiated rocks of the study area. Ni, Co , V, Cr
and Sc contents are less than 4 ppm, 2.3 ppm, 14
ppm, 8 ppm and 5.5 ppm, respectively. Neverthe-
less, they show some distinctions between BG and
GBG. Co decreases with increasing SiOs, and GBG
tends to have lower Co content than BG. Sc co-
ntents of GBG tend to be higher than those of
BG. V shows negative correlation with SiOe, which
includes data for south-BG. Cr shows no trend
with SiOz. However, south-BG have above 10 ppm
and are clearly different from the BG and GBG.
Zn contents vary between 20~60 ppm. Although
Zn in general shows negative correlation with
Si0O:, BG and GBG appear to follow differing va-
riation trends. Cu contents are less than 4 ppm
for BG and are variable between 1 and 20 ppm
for GBG (not shown).

The variation of high field strength elements
are shown in Fig. 7. Contents of Zr, and light rare
earth elements (La and Ce) show decreasing vari-
ation with increasing SiQ.. Zr variation indicates
fractionation of zircon, while La and Ce indicate
fractionation of LREE-enriched phases such as
apatite, allanite or monazite. GBG tends to have
lower Zr contents compared with BG for given
SiO: range. U and Th show scattered variation
with SiOz Nb contents of BG are more or less

J. Petrol. Soc. Korea
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Fig. 5. Harker diagrams for Sr, Rb, Ba, Be and Ga. Symbols are the same as in Fig. 3.

uniform and are lower than those of GBG and
south-BG, which is similar to the Rb-SiO: diag-
ram. Y and Yb, having affinities with garnet, tend
to be higher in GBG than in BG.

Trace element ratios : Nb/Zr, Rb/Zr, K/Rb,
La/Yb and Y/Nb

Variation of trace element ratios are also shown
in Harker diagrams (Fig. 8). The SiO:-Nb/Zr dia-

Vol. 3, No. 2, 1994

gram depicts a clear distinction between BG and
other rocks. BG defines a well correlated increase
in Nb/Zr ratio with SiOz, while GBG and south-BG
define steeper slopes, albeit scattered, than BG,
probably indicating different origins. Similar fea-
tures are observed in the Rb/Zr diagram except
for one BG sample. The SiO:-La/Yb diagram is
shown in logarithmic scale. The La/Yb ratios of
GBG are distinctly lower than those of BG, in-
dicating that GBG has less LREE-enriched pat-
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tern compared with BG. This diagram shows that
REE patterns have no relationship with SiOs, i.e.,
with degree of fractionation. As would be expe-
cted, a reverse pattern to the La/Yb diagram
exists in the SiO.-Y/Nb diagram. The distinction
between BG and other rocks also appear in K/Rb
diagram, although less pronounced. In these trace
element ratio diagrams, GBG appears to be si-
milar to south-BG rather than BG.

Tectonic Setting

There have been several attempts to discrimi
nate the tectonic setting of granitoid rocks using
major and trace elements (Maniar and Piccoli,
1989; Pearce et al., 1984; Harris et al., 1986). Al-
though these attempts are statistical in nature,
they can provide some ideas about tectonic setting
for the emplacement of granitoids. Major element

J. Petrol. Soc. Korea
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discrimination diagrams of Maniar and Piccoli
(1989) are shown in Fig. 9. They divided the te-
ctonic settings of granitoids into four orogenic
ones; island arc granitoids (IAG), continental arc
granitoids (CAG), continental collision granitoids
(CCG) and post-orogenic granitoids (POG), and
three anorogenic ones; rift-related granitoids
(RRG), continental epeirogenic uplift granitoids
(CEUG) and oceanic plagiogranites (OP). Because
the K:O content of all samples is greater than 1

wt %, the Seoul batholith does not belong to OP.

The four diagrams, i.e., SiO: vs. Al:Os:, MgO vs.
FeO (T), Si0Oz vs. FeOQ (T)/FeO(T)+MgO, and CaO
vs. FeO (T)+MgO divide non-OP granitoids into
three different groups : RRG+ CEUP, IAG+ CAG
+ CCG and POG. The variables of FeO (T), MgO,
and CaO are not face values of data but modified
ones. The definitions of these variables can be
found in Maniar and Piccoli (1989). In these dia-
grams, BG and GBG appear to belong to IAG+
CAG+CCG group, and south-BG to POG. This
suggests that the central part of the batholith

J. Petrol. Soc. Korea
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might have formed in different tectonic setting
from the southern part. However, if all the data
are taken together, they can be interpreted as
belonging to the IAG+CAG+CCG group. The
present data do not allow further division of the
IAG+ CAG+ CCG group using alumina saturation
index (Maniar and Piccoli, 1989) since the majo-
rity of BG and GBG have alumica index of 1.05
~1.15 which corresponds to the overlapping field
for the three tectonic settings.

Tectonic discrimination using Y+Nb vs. Rb
diagram of Pearce ef al. (1984) is shown in Fig.
10. The majority of the samples, regardless of li-
thology, plot in the field of volcanic arc granites
(VAG), but close to the boundary between VAG
and syn-collisional granites (syn-COLG). In this
diagram, VAG can be considered as combination
of TAG and CAG, while syn-COLG as equivalent

Vol. 3, No. 2, 1994

to CCG of Maniar and Piccoli (1989). Note, ho-
wever, that the field for post orogenic granites
overlap with those for VAG and syn-COLG (Pear-
ce ef al., 1984). One way to discriminate VAG,
syn-COLG and POG is using Rb/30—Hf—TaXx3
triangular diagram of Harris ef al. (1986). Al-
though the number of data for this plot is limited
to four south-BGs reported by Hong (1984), three
samples plot near the boundary betweea syn-
COLG and POG field, and one to VAG field (not
shown). Since these four samples plot within the
field of VAG in the (Y+Nb) vs. Rb diagram, two
discrimination schemes appear contradictory to
each other. A similar circumstance is encountered
when the four samples above are plotted in Yb-Ta
diagram of Pearce ef al. (1984), where three sa-
mples plot in syn-COLG and one to VAG (not
shown). Although the appraisal of this problem
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awaits Hf and Ta data for the same samples, we
tentatively assign the tectonic setting of the Seoul
batholith to VAG.

In summary, when major and trace element
discrimination diagrams are taken together, the
central and the southern parts of the Seoul ba-
tholith belong to orogenic granites. Among oro-
genic settings, IAG may be excluded from the
geologic history of the Kyonggi massif during the
emplacement of the batholith in Jurassic time,
especially the existence of Precambrian basement
rocks. However, further classification among CAG,

CCG or POG requires more trace element data,
or perhaps a better discriminant scheme, and
more importantly better understanding of the tec-
tonic history of the Kyonggi massif.

DISCUSSION AND CONCLUSION

Garnet biotite granite, first described in this
study, is typically a peraluminous granite. Pera-
luminous granite is generally thought to be de-
rived from pre-existing crustal rocks of sedime-
ntary origin (Chappell and White, 1974) and to be
associated with continent-continent collision tec-
tonics (Clarke, 1992). However, it can also occur
in association with subduction-related continental
arcs (e.g, Ague and Brimhall, 1988), especially
where old basement rocks exist. Although the
granites in northern part of the Kyonggi massif
have not been studied in detail, there are several
other occurrences of garnet-bearing granite in the
Kyonggi massif. The Kwanaksan granitic stock, to
the south of the Seoul batholith, has garnet-bea-
ring granite (Kwon ef al., unpublished data). Sim
(1990) reported garnet two-mica granite in Kang-
hwa Island to the west of the Seoul batholith. Park
et al. (1974) reported garnet-bearing granite to the
north of Chunchon. These garnet-bearing granites
occur in the northern part of the Kyonggi massif
which is close to the Imjingang belt assumed to
be a Triassic suture zone (Cluzel ef al., 1990; Liu,
1993; Yin and Nie, 1993). Although the geography
of these peraluminous granites suggests a con-
nection to collisional setting, the Jurassic age of
emplacement for the Seoul batholith and perhaps
for others indicate post-collisional, or newly-de-
veloped Jurassic continental arc magmatism. Te-
ctonic discrimination using chemical data tenta-
tively supports the latter option.

Major and trace element chemistries suggest
that the central part of the Seoul granitic batholith
might have a different origin from the southern
part. Furthermore, in the central part, garnet
biotite granites do not appear to be simply related
by fractional crystallization from the biotite gra-
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nites. These observations are supported by our
preliminary Rb-Sr isotope data that indicate dif-
ferent ages and initial Sr isotopic ratios for central
biotite granite and garnet biotite granite, and
southern biotite granite. Although we have shown
that the central and southern part of the Seoul
batholith consists mainly of biotite granite and
garnet biotite granite plutons with distinct origins,
the question of how these intrusions and spatially
associated minor stocks such as quartz diorite and
granodiorite are related temporally and geneti-
cally remains to be investigated. Further studies
including more REE data, isotope geochemistry
and geochronology are neccessory to understand
the origin of the Seoul batholith.
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