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Recognition of the Phanerozoic “Young Granite Gneiss” in the central 
Yeongnam Massif

ABSTRACT: Up to now, all the high-grade gneisses of the Korean
peninsula have been regarded as Precambrian basement rocks
and presence of the Phanerozoic high-grade metamorphic rocks
have remained unknown. However, such granite gneiss is discov-
ered through this study from the central Yeongnam massif near
Gimcheon. SHRIMP zircon U-Pb age determinations on the gran-
ite gneiss, having well-developed gneissic foliations and migmatitic
textures, reveal concordant age of ca. 250 Ma indicating the Early
Triassic emplacement of this pluton, which is in contradict to the
previous belief that it is a Precambrian product. Even though the
granite gneiss reveals well-developed gneissic foliations and some
zircons show rather low Th/U ratios, the metamorphic age has
not been determined successfully. However, the age of metamor-
phism can be constrained as middle Triassic considering the
absence of any evidences of metamorphism from the nearby
granitic plutons having emplacement ages of ca. 225 Ma. Early
Triassic emplacement and subsequent Middle Triassic metamor-
phism of the granite gneiss from the Yeongnam massif bear a
remarkable resemblance to the case of South China block. We
suggest the possibility that Early to Middle Triassic metamor-
phism of the Korean peninsula might be products of the intra-
continental collisional events not directly related with the Early
Triassic continental collision event. 

Key words: Yeongnam massif, granite gneiss, SHRIMP, Triassic,
metamorphism, intracontinental collision

1. INTRODUCTION

The age span from the late Permian to early Triassic is the
period when Asian continent was assembled from numerous
continental fragments (e.g., Metcalfe, 1988, 2006; Chen et
al., 1999; Li, 2006; Lin et al., 2008). During the processes
of such amalgamation, individual continental blocks expe-
rienced various kinds of tectonic events, including syn- and
post-tectonic magmatism, high-pressure (HP) and even ultra-
high pressure (UHP) metamorphism (e.g., Wang et al., 1989;
Wang and Liou, 1991). Continental collision between the

North and South China blocks is surely one of the events
that have been attracted a lot of attention. Especially, the
discovery of ultrahigh-pressure metamorphic rocks from the
Sulu Belt, Eastern China (Zhang et al., 1990; Enami and
Zang, 1990), brought debates about possibility of extension
of the continental collision belt between North and South
China blocks toward Korean peninsula (e.g., Yin and Nie,
1993; Liu, 1993; Ree et al., 1996; Oh, 2006; Oh et al., 2006b,
2006c; Zhai et al., 2007). The location of such collision
boundary within the Korean peninsula has not been clearly
resolved yet. Such a long-lasting debate, however, has
yielded a considerable number of geochronology data of
Korean peninsula and has necessitated looking into Korean
geology in further detail, especially because some of them
contradict the traditional views. The discoveries of the sed-
imentation during the great-hiatus period of long-held
belief (Cho, 2007; Choi et al., 2008) and widespread Neo-
proterozoic events (e.g., Lee, K.-S. et al., 1998; Lee, S.R.
et al., 2003; Kim et al., 2008; Oh et al., 2012) would be the
most familiar examples.

Here we present another case dissimilar to the long-held
belief. We conducted Sensitive High Resolution Ion Micro-
probe (SHRIMP) U-Pb zircon age determination on the
Gimcheon granite gneiss which has been considered as a
Precambrian intrusive body so far (e.g., Lee et al., 1992, 2001),
but surprisingly it turns out that its actual emplacement
occurred at ca. 250 Ma and also subsequent metamorphism
occurred shortly after then, i.e., ca. 230 Ma. Such ages not
only indicate the presence of magmatism near the boundary
between Permian and Triassic in South Korea, but also provide
evidence of high-grade regional metamorphism that matches
approximately the period of continental collision between
South and North China blocks. In this paper we report the
results of SHRIMP U-Pb zircon age determination and rein-
terpret the previously reported geochemical data from this
granite gneiss in the light of early Triassic magmatism rather
than Precambrian intrusive along with their tectonic implications.
All the ages quoted in this paper are results from SHRIMP
U-Pb zircon determinations, except mentioned otherwise.
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2. GENERAL GEOLOGY

The studied area is located within the central Yeongnam
massif where Precambrian high-grade gneisses and Mesozoic
granitoids are the main rock types (Fig. 1). The orthogneiss
and metasediments distributed here correspond mostly to
the low-pressure facies series, with the amphibolite facies
metamorphism in the series being predominant (Song, 1989;
Song and Lee, 1989). These high-grade gneisses are known
to be Paleoproterozoic (Park, 1996; Lee et al., 2002; Sagong
et al., 2003) as those of northeastern and southwestern parts
of the Yeongnam massif (e.g., Park et al., 2000, 2001; Sagong
et al., 2003; Kim and Cho, 2003; Chang et al., 2003; Kim
et al., 2012). The studied granite gneiss mass, exposed about
20‒40 kilometers southward from the Gimcheon city, has
also been considered as Precambrian basement rock before
this study (Kim et al., 1989; Song, 1989; Song and Lee, 1989;
Lee et al., 1992, 2001; Lee, H.-S. et al., 2002).

The studied Gimcheon granite gneisses are leucocratic
and show a well-developed gneissic fabric and migmatitic
structures such as vein and schollen type (Fig. 2). They are
generally medium-grained and relatively homogeneous in
grain size and lithology, although alkali feldspar porphyro-
blasts, often augenic in shape, are locally and sparsely devel-
oped (Figs. 2 and 3). They consist of quartz, plagioclase,
alkali feldspar, and biotite with minor amount of zircon and
opaque minerals. Garnets are rarely and locally present. Pla-
gioclases mostly show rounded and elongate shape with smoothly
curved grain boundary. Quartz have irregular curved bound-
ary and are often present as subgrained aggregates showing
undulatory extinction. Alkali feldspars are also anhedral, often
include granular quartz and plagioclase grains and mostly
show myrmeckitic intergrowth in the contact regions with
plagioclase. Biotites with reddish brown color are aligned
wrapping around plagioclase grains. Feldspar and quartz grains
as well as biotite are preferredly oriented on the whole to

Fig. 1. Simplified geological map of the study area in the central Yeongnam massif, South Korea, showing the sampling locations of
the analyzed samples (modified after Hwang et al., 1996). Insert shows simplified tectonic boundaries of the Korean peninsula and East
China. 
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form distinct foliation (Figs. 3 and 4).
Biotite gneisses with the width of a few to tens of meters

are often intercalated with the granite gneisses. In some places,
the biotite gneiss shows characteristics of xenoliths. They
show intensely foliated texture and generally mm-scale banded
structure in which biotite-rich mafic layer alternates with

quartzo-feldspathic layer. Mineralogy of the biotite gneisses
is similar to that of the granite gneisses but that they have
larger amount of mafic minerals and are dark grey in color.
They consist of quartz, plagioclase, alkali feldspar, biotite
and minor amount of zircon, apatite, opaque minerals, and
small retrograde muscovite flakes with minor and variable
amount of almandine garnet and/or hornblende. Hypersthene
is rarely present and the presence of hypersthene, though
rare, implies up to lower granulite-facies metamorphism.

Lee et al. (1992, 2001) reported major element compo-
sitions, rare earth element abundances and Nd, Ce isotopic
systematics of the both gneisses. Lee et al. (1992, 2001) also
reported Sm-Nd whole rock ages of these gneisses. Because
of the rather poor linear alignments on Sm-Nd isotopic plot,
the calculated ages have large errors; 818 ± 114 Ma for the bio-
tite gneiss and 1484 ± 810 Ma for the granite gneiss (Lee et al.,
2001). However, such a result of the biotite gneiss having
younger age than the granite gneiss is not relevant to their
occurrence as xenoliths within the granite gneiss. Another
puzzling matter is the initial isotopic composition of Nd. If
we apply the age reported by Lee et al. (1992, 2001), initial
εNd value of the granite gneiss is +7 (Lee et al., 2001) or
+9.5 (Lee et al., 1992), which are extremely high values and
very unlikely for the normal granitic rock in general. 

The studied granite gneiss has been considered as a part
of the Precambrian Yeongnam massif, because it has the
appearance indistinguishable from the basement metamorphic
rocks. Moreover, high-grade metamorphism is presumed,
because the granite gneiss usually reveals well-developed
gneissic foliation and magmatic injection textures in some
places. Due to an essentially very simple mineral assemblage,
however, the granite gneiss does not have distinct high-grade
metamorphic minerals except rare occurrences of fine-grained
garnet. Therefore, sometimes it is hard to distinguish the granite

Fig. 2. (a) An outcrop photograph of studied foliated felsic granite
gneiss. KC-12 was sampled from this outcrop. (b) Enlarged pho-
tograph showing the contact between the foliated granite gneiss
and a mass of biotite gneiss captured in it. 

Fig. 3. Slap photographs of the (a) biotite gneiss K96-06 and (b)
granite gneiss K96-10, showing well-developed gneissic foliations.
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gneiss from non-metamorphosed granite in places where
recrystallizational alignment is not well-developed. Nonetheless,
well-developed gneissic foliation can be easily recognized
from the granite gneiss of the area in general, which is distinct
from the foliation produced by localized ductile shear commonly
observed from the later granitoids of adjacent regions.

3. ANALYTICAL METHOD

Samples were collected from the Gimcheon granite gneiss
in the central Yeongnam massif (Fig. 1). This granite gneiss,
about 5 km in width and 10 km in length, borders with the
Jurassic granite to the east, age-known granite to the north
and the Precambrian basement gneiss complex of the Yeongnam
massif to the west (Fig. 1). In this study, two granite gneisses
(K96-10 and KC-12) and two biotite gneisses (K96-09 and
KC-12B) were collected for the U-Pb zircon dating. The granitic
gneisses show well-developed gneissic foliation formed by
preferred alignment of biotite grains and are mainly composed
of quartz, plagioclase, and K-feldspar (Figs. 3 and 4). The
biotite gneiss samples are dark in color with evident gneissic
foliation, mainly comprising biotite, quartz, plagioclase, and
K-feldspar (Fig. 3).

Zircons were separated by panning and hand picking under
a stereomicroscope. Zircon grains were mounted in an epoxy
disk together with grains of Sri Lanka reference zircon CZ3
for U concentration and U-Pb age calibration. Conventional
thermal ionization mass spectrometry (TIMS) U-Pb isotopic
data on this CZ3 zircon standard gives a uranium concen-
tration of approximately 550 ppm and a concordant age of
564 Ma (Pidgeon et al., 1994; De Laeter and Kennedy, 1998).
The zircon grains were ground to be sectioned approximately
in half and polished. Images were obtained by both optical
microscopy and cathodoluminescence (CL) on a scanning

electron microscope. The zircons were analyzed using SHRIMP
II at the Tectonics Special Research Center, Curtin Univer-
sity of Technology under standard operating conditions and
analytical procedures are outlined by De Laeter and Ken-
nedy (1998) and Williams (1998). SHRIMP data were pro-
cessed by using programs SQUID 2.50 (Ludwig, 2009) and
ISOPLOT 3.75 (Ludwig, 2012). All the reported errors on
age determination in this study are based on 95% confidence
level except where mentioned otherwise. 

4. RESULTS

Zircon grains of the granite gneisses (K96-10 and KC-12) are
characterized predominantly by euhedral long- and short-
prismatic morphology (Fig. 5). Zircon grains of the biotite
gneisses (K96-09 and KC-12B), in contrast, typically display
rounded prismatic shapes. The inherited cores of zircon grains
are not uncommon in all the samples. Most of the zircon
grains show oscillatory growth zoning in the CL images (Fig.
5). One granite gneiss (KC-12) and one biotite gneiss (K96-09)
display well-developed overgrowth rims surrounding older
oscillatory-zoned cores. Some zircons grains of one granite
gneiss sample K96-10 also develop very thin outer overgrowth
rims, usually less than 10 μm and we were not able to perform
U-Pb spot analysis from this sample. 

The U-Pb zircon analyses were performed at 38 analytical
points on 29 grains. Results of the SHRIMP analyses are
shown in Figure 6 and listed in Table 1, showing apparent U-Pb
ages in the range from ca. 230 to 2270 Ma. Obviously analyzed
samples display bimodal age distribution. While the granite
gneisses show mainly Triassic to Permian U-Pb zircon spot
ages, the biotite gneisses and inherited zircon cores of the gran-
ite gneisses show predominantly Paleoproterozoic ages.

The biotite gneiss K96-09 reveals concordia age of 1882

Fig. 4. Microphotographs of the thin section of the Gimcheon granite gneiss K96-10, (a) open and (b) crossed nicols. This granite gneiss
is mainly composed of quartz, plagioclase, K-feldspar and biotite. Preferred alignment of biotite grains is apparent. 
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± 17 Ma and weighted mean 207Pb/206Pb age of 1876.8 ± 8.9 Ma.
Two spot analyses from the biotite gneiss sample KC-12B
also reveal slightly discordant 207Pb/206Pb ages of 1869 ± 11 Ma
and 1836 ± 15 Ma (Fig. 6a, Table 1), similar to K96-09. Such
Paleoproterozoic ages are quite different from the Sm-Nd
age of 818 ± 114 Ma reported for the biotite gneisses of the area
(Lee et al., 2001), but agree very well with ages of the basement
rocks commonly found not only from Yeongnam massif but
also from whole Korean peninsula including Gyeonggi and
Nangnim massifs (e.g., Turek and Kim, 1996; Park et al.,
2000; Song et al., 2001, 2009, 2011; Sagong et al., 2003; Cho
et al., 2006; Oh et al., 2006a; Zhao et al., 2006; Kim, S.W.
et al., 2008; Kim, N. et al., 2012). Such similarity in ages
between the biotite gneiss and the basement rocks leads us
to suggest that studied biotite gneisses seem to be xenoliths
captured from the Precambrian basement of the Yeongnam
massif during the emplacement of the protolith of Gimcheon

granite gneiss. 
Contrastingly, granite gneisses K96-10 and KC-12 reveal

clustering of data points on concordia curve at ca. 250 Ma
with several discordant points having Paleoproterozoic apparent
207Pb/206Pb ages (Figs. 6b and c). All of the analysis points
yielding Paleoproterozoic ages are from the inherited cores,
suggesting that the granite gneiss was derived by the partial
melting of the Paleoproterozoic source such as, very likely,
the basement rocks of the Yeongnam massif. 

The granite gneiss sample K96-10 shows a cluster at ca.
250 Ma on a concordia diagram (Fig. 6c). However, appar-
ent 238U/206Pb ages of K96-10 seem to be divided into two
groups (Fig. 6d). Weighted mean 238U/206Pb age of 252.3 ± 5.0
(n = 7) Ma is calculated from the major group excluding two
younger points and similar concordia age of 252.3 ± 2.9 Ma
is obtained from the same group. We suggest this concordia
age of 252.3 ± 2.9 Ma from K96-10 as the emplacement age of

Fig. 5. Cathodoluminescence images of the analyzed zircons separated from the Gimcheon granite gneisses (K96-10, KC-12) and biotite
gneiss xenoliths (K96-09, KC-12B) in it. 



6 Yong-Sun Song, Ho-Sun Lee, Kye-Hun Park, Ian C.W. Fitzsimons, and Peter A. Cawood

the igneous protolith of the Gimcheon granite gneiss. Slightly
younger concordia age of 231.3 ± 1.7 Ma is yielded by the minor
group with two points. Obviously the two concordia ages
do not overlap within their 2-sigma error ranges. Such a differ-
ence in age can be interpreted as a granitic magma emplace-
ment at ca. 250 Ma and some Pb loss afterwards. However,
we cannot rule out the possibility of later metamorphism at
ca. 230 Ma.

The other granite gneiss KC-12 also shows a cluster with
apparent 238U/206Pb ages between ca. 250 Ma and ca. 230 Ma
on a concordia curve yielding a concordia age of 241.7 ± 1.2
(n = 6) Ma (Fig. 4b). Comparatively younger age of KC-12
than K96-01 needs to be explained and seems to have relevance
to its relatively low Th/U ratios of the analyzed zircons (Table
1). It is a common practice to examine thorium/uranium
ratios to distinguish metamorphic event from the magmatic

one, because the former are usually much smaller than the latter
(e.g., Rubatto et al., 2001; Williams, 2001). The usual reference
value for such division is 0.1 (e.g., Chen et al., 2010), although it
is not an absolute criterion. If we compare Th/U ratios of
the zircons from the two analyzed granite gneiss samples,
we can find quite contrast between them. Between the two,
the older one K96-10, which is 252.2 ± 2.9 Ma, reveals rather
high Th/U values compared to those of KC-12 with concordia
age of 241.7 ± 1.2 Ma. K96-10 shows Th/U ratios in the range
of 0.21‒1.09 with an average of 0.40 ± 0.26, in contrast to
KC-12 which shows the range of 0.04‒0.68 with an average
of 0.20 ± 0.21. More importantly, not only four out of eight
zircon analyses from KC-12 reveal Th/U ratios equal or less
than 0.10 that is the ratio commonly set for the differenti-
ation of metamorphism from magmatism, but also CL images
of such analysis points with low Th/U ratios show flat rims

Fig. 6. Tera-Wasserburg concordia diagrams for the zircons from (a) biotite gneiss K96-09 with inset diagram of weighted average 207Pb*/
206Pb* age, (b) granite gneiss KC-12, and (c) granite gneiss K96-10, and (d) weighted average 238U/206Pb age of K96-10. There are also
inset diagrams for the concordia ages of KC-12 and K96-10 within (b) and (c) respectively. All the reported errors on age determination
are based on 95% confidence level and uncertainties in the size of the symbols are 1σ.
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Table 1. SHRIMP U-Pb zircon isotopic data for the Early Triassic Gimcheon granite gniess and Precambrian biotite gneiss from the cen-
tral Yeongnam Massif, South Korea

Spot Name ppm U ppm Th 232Th/238U ppm 206Pb 238U/206Pb* % err 207Pb/206Pb % err Apparent ages (Ma)

K96-10: Medieum grained granite gneiss

K96-10.1 750 154 0.21 26.68 24.41 0.90 0.0504 3.4 259.1 ± 2.3

K96-10.2 173 156 0.93 37.01 4.09 1.57 0.1074 2.4 1754.6 ± 43.4

K96-10.3 465 111 0.25 16.04 25.49 1.34 0.0512 12.4 248.0 ± 3.0

K96-10.4 965 1141 1.22 259.49 3.20 0.82 0.1138 0.3 1860.8 ± 5.7

K96-10.5 648 210 0.33 21.11 27.03 1.14 0.0507 12.6 234.3 ± 2.3

K96-10.6 2711 705 0.27 98.03 23.95 0.87 0.0510 2.5 263.8 ± 2.3

K96-10.7 201 212 1.09 7.15 25.48 1.44 0.0502 21.3 248.5 ± 3.7

K96-10.8 590 357 0.62 184.28 2.76 1.34 0.1437 0.8 2272.5 ± 14.5

K96-10.9 300 77 0.27 10.09 25.85 1.19 0.0564 6.5 243.1 ± 2.8

K9610.10 442 298 0.70 78.97 4.81 2.02 0.1110 1.9 1816.6 ± 34.5

K9610.11 757 264 0.36 23.93 27.66 0.96 0.0514 5.4 228.7 ± 2.2

K9610.12 550 165 0.31 19.63 24.73 1.04 0.0474 9.5 256.8 ± 2.5

K9610.13 708 199 0.29 24.34 25.20 0.90 0.0502 2.9 251.1 ± 2.2

K9610.14 197 71 0.37 9.13 18.63 2.14 0.0728 4.3 329.4 ± 7.0

K9610.15 918 564 0.63 31.75 25.09 0.89 0.0496 3.7 252.5 ± 2.2

KC-12: Medieum grained granite gneiss

KC12.1 55 49 0.93 10.90 4.31 1.61 0.1238 4.0 2011.1 ± 70.9

KC12.2 27 4 0.14 0.90 26.93 1.22 0.0510 0.8 235.0 ± 2.8

KC12.3 7 1 0.10 0.20 25.88 1.37 0.0521 2.4 244.1 ± 3.3

KC12.4 4 0 0.04 0.10 26.31 1.21 0.0515 2.0 240.4 ± 2.9

KC12.5 71 18 0.26 2.40 25.87 1.28 0.0510 0.9 244.5 ± 3.1

KC12.6 7 0 0.06 0.30 24.58 1.17 0.0502 1.5 257.5 ± 3.0

KC12.7 19 13 0.68 0.60 26.13 1.27 0.0529 1.5 241.5 ± 3.0

KC12.8 44 10 0.24 1.60 24.00 1.26 0.0542 1.2 262.3 ± 3.3

KC12.9 8 1 0.08 0.30 25.96 1.17 0.0495 2.1 244.1 ± 2.8

KC-12B: Biotite gneiss

KC-12B.1 788 366 0.48 18.0 3.21 1.5 0.1143 0.6 1868.9 ± 11.4

KC-12B.2 509 434 0.88 20.6 3.36 1.5 0.1123 0.8 1836.3 ± 14.5

K96-09: Biotite gneiss

K96-09.1 582 25 0.05 150.7 3.32 3.5 0.1122 4.6 1835.3 ± 83.5

K96-09.2 994 76 0.08 224.5 3.81 3.6 0.1089 1.9 1781.0 ± 34.6

K96-09.4 605 27 0.05 109.4 4.76 5.8 0.1118 2.6 1829.7 ± 46.2

K96-09.5 217 326 1.55 62.3 2.99 4.9 0.1321 1.3 2126.3 ± 22.3

K96-09.6 352 116 0.34 115.9 2.61 5.8 0.1138 4.6 1860.5 ± 82.5

K96-09.7 569 647 1.17 178.3 2.74 4.8 0.1148 0.3 1876.4 ± 6.1

K96-09.8 38 26 0.71 10.9 3.05 9.6 0.1209 9.2 1969.5 ± 164.2

K96-09.9 368 42 0.12 116.8 2.71 6.1 0.1430 2.2 2263.3 ± 37.6

K96-09.10 363 138 0.39 58.1 5.37 5.2 0.1035 1.1 1687.0 ± 19.9

K96-09.11 471 35 0.08 140.8 2.87 5.3 0.1162 1.8 1898.5 ± 31.9

K96-09.15 155 77 0.51 47.7 2.80 5.1 0.1209 1.4 1970.3 ± 24.9

K96-09.16 365 192 0.54 111.8 2.80 4.8 0.1148 0.4 1876.3 ± 7.0

Errors are 1-sigma.
Common lead correction was applied 207Pb-method for the ages younger than 1,000 Ma and 204Pb-method for the ages older than 1,000 Ma.
Apparent ages were calculated based on 206Pb/238U ratios for the ages younger than 1,000 Ma and 207Pb/206Pb ratios for the ages older than
1,000 Ma. 
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indicating metamorphic overgrowth. Therefore, we suggest
that apparently younger age and lower Th/U ratios of KC-
12 reflect high-grade metamorphism that is also assumed
by its gneissic texture. At this moment, however, it is hard
to determine precise age of metamorphism, because there are
only a few SHRIMP U-Pb analysis points which indicate such
metamorphism and their ages are indistinguishable from the
ages obtained from the igneous oscillatory zones. Therefore, we
have to make an effort to find a lot more zircon overgrowth
rims to constrain the timing of the metamorphism more pre-
cisely by SHRIMP U-Pb analysis. We will discuss about the
timing of the metamorphism further later. 

5. DISCUSSION

5.1. Late Permian to Early Triassic Magmatism of the 
Korean Peninsula

On the contrary to the traditional belief that all the high-
grade metamorphic rocks of the Yeongnam massif are Pre-
cambrian, the discovery of early Triassic age for the granite
gneiss in Korea is very significant in several respects. First
of all, the granite gneiss studied here is surprisingly younger
than previously thought. Until this study, the Gimcheon
granite gneiss has been considered as a part of the Precambrian
basement rocks composing the Yeongnam massif (Yun and
Park, 1968; Park and Lee, 1969; Kim et al., 1989; Song, 1989;
Song and Lee, 1989; Lee et al., 1992, 2001; Hwang et al.,
1996). However, SHRIMP U-Pb zircon age determination of
this study reveals that it is actually an early Triassic intrusive
body. 

The emplacement age around the Permian-Triassic boundary
of the Gimcheon granite gneiss obtained in this study surely
indicates that previous age determination by Sm-Nd sys-
tem, yielded 1484 ± 810 Ma (Lee et al., 2001), is incorrect.
Lee et al. (1992, 2001) also reported abnormally very high
εNd(t) value of +7 or +9.5 for the granite gneiss, requiring
abnormally extreme fractionation process. If we apply our
newly determined early Mesozoic age, such abnormally high
εNd(t) values are reduced into the range from ‒15 to ‒12. Such
recalculated values are compatible to the Nd isotopic com-
position of the overall Triassic to Jurassic granitoids within
Korean peninsula (e.g., Cheong and Chang, 1997; Kim, C.-B.
et al., 2003; Kee et al., 2010), further supporting the validity
and reliability of our new age determination. 

The newly determined emplacement age of the Gimcheon
granite gneiss is a little younger than the rare Permian gran-
ites (Lee et al., 2007; Yi et al., 2012; Cheong et al., 2013) but
older than the widespread Triassic granitoids over the Korean
peninsula (e.g., Ree et al., 2001; Sagong et al., 2005; Park
et al., 2005, 2006; Cho et al., 2008; Williams et al., 2009; Seo
et al., 2010; Kim, J. et al., 2011; Kim, S.W. et al., 2011; Kim,
T. et al., 2011). 

To characterize the tectonic setting of the central Yeongnam

massif from Late Permian to Middle Triassic periods, it is
necessary to review what happened in the Korean peninsula
over the same period. Recently, numerous Triassic emplace-
ments of granitic plutons have been reported throughout the
Korean peninsula (Ree et al., 2001; Cheong et al., 2002; Sagong
et al., 2005; Park et al., 2005, 2006; Wu et al., 2007; Cho
et al., 2008; Peng et al., 2008; Choi et al., 2009; Williams
et al., 2009; Seo et al., 2010; Kim et al., 2011; Cheong and
Kim, 2012; Yi et al., 2012; Cheong et al., 2013). Usually
they display crystallization ages from 250 Ma to 220 Ma.
Unlike Triassic granitoids, only two Permian granitoids have
been reported so far from the Korean peninsula. Lee et al.
(2007) reported emplacement age of 273 ± 4 Ma for the
granodiorite drill-core sample from the Heunghae-eup, north
of Pohang. Yi et al. (2012) also determined Permian emplace-
ment age of 257 ± 2 Ma from the Jangsari granite in southern
Yeongdeok, about 20 km to the north from the Heunghae-eup.
The Early Triassic Yeongdeok granite, emplaced at 248 ± 2
Ma (Yi et al., 2012), is located ca. 10 km to the north of the
Permian Jangsanri granite. Newly reported age by Yi et al.
(2012) agrees well with previously reported TIMS U-Pb
zircon age of 252.2 ± 2.9 Ma (Kim et al., 2003) and TIMS
U-Pb sphene age of 244.5 ± 2.3 Ma (Sagong et al., 2005)
for this intrusion. These three Permian to Early Triassic plu-
tons along the eastern coast of the Korean peninsula seem to
have originated in the same tectonic environment, not only
because these neighboring plutons show similar emplacement
ages but also because the initial εNd values of the Heunghae
granite core and the Yeongdeok granodiorite are distinctly high
similarly. Lee et al. (2007) reported positive initial εNd value
of 4.57 for the Heunghae granite core and Yi et al. (2012) reported
similarly high values from 2.32 to 4.46 for the Yeongdeok
granodiorite, implying significant addition of the depleted
mantle derived materials to the generation of these granit-
oids. Such juvenile characteristics of the Yeongdeok granodiorite
is also confirmed by significantly high Hf isotopic composition
of the zircons (Cheong et al., 2013). 

Wu et al. (2007) reported laser ablation inductively cou-
pled plasma mass spectrometry (LA-ICPMS) U-Pb zircon
ages for the granitic rocks from North Korea. Among the sev-
eral Triassic granites, Buryong granodiorite of the Duman-
gang (Tumangang) massif displays the emplacement age of
246 ± 1 Ma. The northernmost Buryong granodiorite should
have close genetic relationship with contemporary granit-
oids of northeastern China along the suture boundary with
Siberia Craton to the north and may have been produced
within the eastern extension of the Central Asian Orogenic
Belt unlike the rest of the Korean peninsula. If we exclude
the Buryong granodiorite, only a granodiorite core sample
from the Heunghae-eup, the Jangsari granite and the Yeong-
deok granodiorite have similar ages or older than the Gim-
cheon granite gneiss of this study. It is worth to mention that
these Permian to Early Triassic granitic plutons are all located
within the Yeongnam Massif, if we consider the basement
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of the Gyeongsang Basin as a part of the Yeongnam Massif.
Even though the Middle to Late Triassic granitic plutons are
known to be widely distributed over the Korean peninsula,
Permian to Early Triassic granitoids have not been reported
either from the Gyeonggi Massif or from the Okcheon Met-
amorphic Belt so far. Such a contrasting distribution of the
granitic plutons of different emplacement ages suggests critical
change in tectonic environment during this period. 

5.2. Discovery of Middle Triassic (ca. 230 Ma) “Young 
Gneiss”

The significantly young emplacement U-Pb age of the
Gimcheon granite gneiss is quite surprising itself, because it
has been considered as a part of the Precambrian basement
of the Yeongnam massif as mentioned above and also because
such an early Triassic granitic emplacement has not been
known from Korea until quite recently. However, its met-
amorphic nature is even more intriguing, because no regional
metamorphic event, not only during the Phanerozoic but
also since Paleoproterozoic ~1.9 Ga, has been reported from
this area so far. In other words, it is the first discovery of the
Phanerozoic high-grade metamorphic rock within the Yeongnam
massif. 

Even though many Mesozoic granitoids of Korean pen-
insula reveal local promotion of foliation due to pervasive
development of ductile shear zones during the Jurassic, clear
evidences of strong regional metamorphism have not been
reported from them yet. However, the Gimcheon granite
gneiss displays sufficient textural evidences for the regional
metamorphism, such as well-developed gneissic foliations
composed of felsic and mafic layers (Figs. 2 and 3). Clearly
developed flat overgrowth rims of the zircon grains from KC-
12, having low Th/U ratios, also provide supporting evidences
for the metamorphism as discussed earlier. Even migmatitic
textures are not uncommon, indicating significantly high
temperature condition of the metamorphism. However, the
simple mineral assemblage of the Gimcheon granite gneiss,
as granitic rocks in general, and rather high stability of such
minerals up to quite high temperature seems to make it hard to
produce distinct new mineral assemblage during the meta-
morphism. Therefore, it is quite difficult to estimate the
temperature and pressure conditions of the metamorphism
quantitatively.

The timing of metamorphism has not been very precisely
and unambiguously determined yet, because we have not
been able to analyze sufficient number of U-Pb isotopic
compositions from the metamorphic overgrowth rims of the
zircon grains. Nevertheless, we can put a young side limit of
such Triassic regional metamorphism from the ages of younger
Triassic granite bodies neighboring the Gimcheon granite
gneiss. For example, Sangju granite, Hamyang porphyritic
granite and Cheongsan porphyritic granite were emplaced
during the short interval of 220‒225 Ma (Turek and Kim,

1995; Cho, D.-L. et al., 2001b; Ree et al., 2001; Kim, C.-B. et
al., 2003; Lee et al., 2006; Park et al., 2006) and are located
less than 10 km to the north, less than 50 km to the southwest,
and also less than 50 km to the north respectively from the
nearest edge of the Gimcheon granite gneiss. These granites,
however, do not reveal any trace of regional metamorphism.
Therefore, we can safely constrain the youngest estimate
for the metamorphism of Gimcheon granite gneiss from the
oldest emplacement ages of such non-metamorphosed gran-
ites. If we restrict the geochronology data determined by
SHRIMP U-Pb zircon and TIMS U-Pb titanite analyses for
the Cheongsan, Hamyang and Sangju granites, emplace-
ment of these granites can be best constrained to be 225.1
± 2.1 Ma (Cho, D.-L. et al., 2001b), 225.4 ± 4.1 Ma (Park
et al., 2006) and 226.1 ± 2.9 Ma (Lee et al., 2006) respec-
tively. Therefore, we can safely set a young side limit of the
regional metamorphism of the central Yeongnam massif to
be ca. 225 Ma. Such age constraint agrees well with the
concordia age of 231.3 ± 1.7 Ma calculated from the two
youngest data points of Gimcheon granite gneiss KC96-10,
which seem to form a separate cluster from the main data
cluster yielding an age of 252.3 ± 2.9 Ma. Therefore, ca.
230 Ma seems to be a reasonable estimate for the meta-
morphism of the Gimcheon granite gneiss. U-Pb concordia
age of KC-12 itself, i.e., 241.7 ± 1.2 Ma, can be considered as
the old side limit. Consequently, we can safely constrain the
possible timing of the regional metamorphism of the “young
gneiss” to be in the range from 240 to 230 Ma.

In any case, it is certain that the Gimcheon granite gneiss
has experienced a high-grade regional metamorphism. Then
why the Triassic regional metamorphism has not been dis-
covered from the Mesozoic granites of the Korean penin-
sula so far? Because all the researchers have been unaware
of the existence of the Phanerozoic granites older than such
Triassic metamorphism, they naturally have regarded all the
high-grade metamorphic rocks as Precambrian. Therefore,
there is a possibility to discover still more Triassic metamorphic
rocks throughout the Korean peninsula. The discovery of
the Middle Triassic metamorphism within the Yeongnam mas-
sif bears important implications for the crustal evolution of
the Korean peninsula. Therefore, it is necessary to study further
to constrain the timing of such metamorphic event more
precisely. 

5.3. Lower Triassic Metamorphism of the Imjingang Belt 
and Northeastern Gyeonggi Massif 

The emplacement age of the Gimcheon granite gneiss
obtained by U-Pb age determination demonstrates that the
Yeongnam massif was an active magmatic arc at ca. 250 Ma.
Then, what was the tectonic environment of the rest of the
Korean peninsula? Was it similar to the Yeongnam massif?
Apparently there are many evidences that the Imjingang
belt and the Gyeonggi massif were situated in tectonic envi-
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ronment quite different from the Yeongnam massif. 
Cho, D.-L. et al. (2001a) obtained a timing of the peak

metamorphism at 252.9 ± 1.9 Ma of the garnet-biotite parag-
neiss from Samgot Unit of the Imjingang belt, confirming
previously suggested late Permian to early Triassic meta-
morphism of the Imjingang belt (Cho et al., 1995; Jeon and
Kwon, 1999). Pressure-temperature (P-T) estimates from
the amphibolites suggest a relatively high-pressure amphi-
bolite-facies metamorphism (8‒13 kbar and 630‒790 °C).
Very similar age of metamorphism was reported by Oh et
al. (2006b) for the high-temperature spinel granulite and
enclosing migmatitic gneiss of Inje area within northeastern
Gyeonggi massif. They dated SHRIMP U-Pb ages from the
metamorphic zircon overgrowths and obtained Permo-Tri-
assic ages of 245 ± 10 and 248 ± 18 Ma for the spinel granulite
and enclosing migmatitic gneiss respectively. Cho et al. (2007)
also reported concurrent metamorphism from Gamaksan
alkaline meta-granitoid (247 ± 14 Ma, CHIME zircon). 

In summary, 245~253 Ma regional metamorphism is rec-
ognized from the Imjingang belt and its eastern extensional
area within Gyeonggi massif. It is noteworthy that such
regional metamorphism of the central Korean peninsula and
the plutonic emplacement of the central Yeongnam massif,
exemplified by the Gimcheon granite gneiss, occurred at
the same period of time. It is not certain yet whether such
metamorphism of the northeastern Gyeonggi massif and the
Imjingan belt was a consequence of continental collision
occurred within the Korean peninsula, as some workers have
been suggested (e.g., Yin and Nie, 1993; Ree et al., 1996;
Oh et al., 2006b, c), because there have been no conclusive
evidences for the ultra-high pressure metamorphism so far.
However, it is evident that quite different tectonic activities
like granitic magma emplacement occurred within the Yeongnam
massif several hundred kilometers away to the south. 

5.4. Middle Triassic Metamorphism of the Gyeonggi 
Massif

In addition to the Lower Triassic metamorphism discussed
earlier, there are several reports suggesting Middle Triassic
metamorphism of the Gyeonggi massif. Oh et al. (2005)
discovered the HP metamorphism of eclogite facies from
the Honseong area, located at southwestern Gyeonggi mas-
sif. Kim et al. (2006) reported precise SHRIMP U-Pb zircon age
(231.4 ± 3.3 Ma) for this Triassic HP eclogite facies meta-
morphism. Considering the precisions of the data, about 20 Ma
difference between metamorphic events occurred in garnet
granulite of Hongseng area and garnet-biotite paragneiss of
Samgot Unit (252.9 ± 1.9 Ma; Cho, D.-L. et al., 2001a) is quite
large and it would be more appropriate to consider them as
separate events. Cho and Kim (2003) reported 236 ± 13 Ma
lower intercept age for the granitic dyke from Pocheon area
of western Gyeonggi massif, located close to the Imjingang
belt. They interpreted this age as a consequence of regional

metamorphism. Even though we cannot rule out the possi-
bility that the granitic dyke from Pocheon area might be a
product of the Lower Triassic anatexis during the high-
grade metamorphism prevailed over the Imjingang belt and
northern Gyeonggi massif considering the relatively large error
of this age estimation, however, it seems to match the timing
of the metamorphic event of the Hongseong area rather well.

There are several other reports of metamorphic ages of
the Gyeonggi massif, which supports the Middle Triassic
metamorphism. Yi and Cho (2009) investigated SHRIMP
U-Pb geochronology of monazite from the Hwacheon gran-
ulite complex. Among their data there are two spot analyses
of symplectic allanite around monazite yielding 238U-206Pb
ages of 232 and 229 Ma, respectively. Yi and Cho (2009) raised
a possibility that such Triassic U-Pb allanite ages could be
linked to the 223 Ma recrystallization of monazite near the duc-
tile shear zone (Yi et al., 2008). Yi and Cho (2009) also suggested
multiple episodes of crystallization-dissolution−recrystalli-
zation based on the observation of various textures and ages
of monazite. Kim et al. (2006) reported SHRIMP U-Pb sphene
age of 224 ± 14 Ma for the nearby Chuncheon amphibolite
and interpreted the age as metamorphism. Kim et al. (2009)
reported that the allanite in Neoarchean tonalitic gneisses,
Daeijak Island, displays two metamorphic age clusters one ca.
228 Ma and the other ca. 214 Ma. Such metamorphic ages
reported from Hwacheon, Chuncheon and Daeijak Island of
the northern and western Gyeonggi massif belong to Mid-
dle to Upper Triassic period. Despite relatively large errors
of these age determinations in general, the possibility of
concurrent or successive Middle Triassic metamorphism over
the large area of the Gyeonggi massif is highly suggested. 

Considering just ages, the elcogite facies metamorphic
event of the Hongseong area and possibly high-grade met-
amorphic events of quite large area of the Gyeonggi massif
occurred contemporaneously with high-grade metamorphism
of the Gimcheon granite gneiss within the central Yeongnam
massif. So, it will be worthwhile to obtain better geochrno-
logical constraints for such metamorphic events to test the
possibility of separate metamorphic event later than ~250 Ma
metamorphism occurred in the Imjingang belt and its eastern
extension. 

5.5. Middle Triassic Magmatism of the Korean Peninsula

It is very interesting that there were widely scattered con-
current plutonic emplacements over the Korean peninsula
during the very short interval during the Middle Triassic.
Furthermore, they belong to rather different kinds of rock
types compared with the rest of the Mesozoic granitic plutons
of the Korean peninsula in general. Kim, T. et al. (2011)
reported SHRIMP U-Pb zircon ages of 234.0 ± 1.2Ma and
231.0 ± 1.3 Ma for the mangerite and gabbro in the Odaesan
area, eastern Gyeonggi massif, respectively. Such ages are
consistent with another SHRIMP age determination for the
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mangerite yielding 231.9 ± 1.1 Ma (Yi et al., 2009) and inde-
pendent TIMS single zircon age determination of 228.7 ± 0.9
(Jeong et al., 2008). 

Williams et al. (2009) determined a 206Pb/238U age of 231.1
± 2.8 Ma from the Yangpyeong hornblende gabbro in central
Gyeonggi massif. Very similar ages also can be found from the
southwestern Gyeonggi massif. Seo et al. (2010) reported
SHRIMP U-Pb age of 232 ± 3 Ma for the Gwangcheon intru-
sive orthopyroxene-bearing monzonite (mangerite) and 230
± 3 Ma for a syenite enclave within the Haemi biotite gran-
ite that also has indistinguishable age of 233 ± 2 Ma (Choi et
al., 2009). In addition to these plutonic rocks of the Gyeonggi
massif, Macheon gabbro in the south-central Yeongnam massif
also reveals quite similar age (Seo and Song, 2010). 

The suggested tectonic environments of these seemingly
concurrent plutons are quite dissimilar. Mangerite is essen-
tially a hypersthene-bearing monzonite and requires quite high
temperature for its generation, which can be generally pro-
vided during the within-plate extension and/or underplating
of mantle-derived high-temperature magma. Oh et al. (2006c)
explained that the Odaesan mangerite was produced by par-
tial melting of a basaltic source at temperatures higher than
1025 °C, agreeing that quite higher temperature was needed
than normal arc-type granite generation. However, Oh et al.
(2006c) claimed that the Odaesan mangerites differ from
mangerites formed in a typical within-plate tectonic setting
in their high Mg# and Sr concentrations and negative Nb
and Ta anomalies and suggested that their LILE enrichment
and negative Ti-Nb-Ta anomalies are probably inherited from
a pre-collision subduction event.

Seo et al. (2010) explained that the mangerite-syenite intru-
sion and the syenite enclaves of the Gwangcheon area are
post-collisional igneous rocks formed by the partial melting
of an enriched lithospheric mantle and claimed that the heat
for the melting was derived from asthenospheric upwelling
following oceanic slab break-off. Meanwhile, Choi et al.
(2009) suggested that the Haemi high Ba-Sr granite formed
in a post-collisional tectonic environment and that a Mesozoic
post-collisional lithospheric delamination model can account
for the genesis of high Ba-Sr granite in the Haemi area.
Williams et al. (2009) suggested that the Yangpyeong horn-
blende gabbro formed during periods of relaxation that sep-
arated the culminations of post-orogenic uplift/collapse in
the transitions from orogenic to anorogenic events after the
Early-Middle Triassic continent-continent collision between
the North and South China blocks in South Korea. In spite
of such diverse suggestions, indisputable mechanism for the
generation of these contemporaneous Middle Triassic igne-
ous bodies is yet to be confirmed.

Currently available geochronological data cannot distin-
guish between Middle Triassic metamorphism and magmatism
of the Korean peninsula. Both events have been recognized
from quite wide area over the Korean peninsula. How such
high-pressure metamorphism of the southwestern Gyeonggi

massif and Imjingang belt, ultra-high temperature metamor-
phism of the northeastern Gyeonggi massif, high-grade meta-
morphism of the Yeongnam massif, and widely scattered
emplacements of rather high-temeperature plutons can occur
within very short time interval, if not simultaneously? Pro-
viding a definite solution to this question is out of the scope
of this paper. We just intend to raise a question for further
investigations about this important matter related with the
crustal evolution of the Korean peninsula. 

5.6. Remarkably Similar Late Permian to Triassic Mag-
matism and Metamorphism of South China 

Widespread magmatism during the period from the Late
Permian to Middle Triassic is well known within South China
(e.g., Wang et al., 2001, 2006, 2007a; Li et al., 2006; Li and
Li, 2007). Li et al. (2006) suggested that the Indosinian Orog-
eny of South China was likely contemporaneous with the
onset of continental arc magmatism, initiated at 267‒262 Ma.
Their age estimation was based on SHRIMP U-Pb zircon ages
of typical calc-alkaline I-type granites from Hainan Island
formed in continental arc environments, which coincide with
a sudden change in sedimentary environments in South China
during the Permian time. Wang, Q. et al. (2005) interpreted
the small 254‒242 Ma alkaline syenite plutons in western
Fujian as having been emplaced in a backarc transtentional
regime related to oblique subduction of the Pacific plate
underneath South China. Recently, Li and Li (2007) also
reported the presence of 249‒217 Ma high-K calc-alkaline
I-type granites in the inland area as well and summarized
that the ages of thrusting, metamorphism, and synorogenic
magmatism all show a similar trend of younging toward the
cratonic interior. Li and Li (2007) suggested that the distance
between the orogenic front and an inferred trench increased
from ~500 km to ~1,200 km within the 250‒200 Ma inter-
val based on their flat-slab-subduction model. 

There are also reports on the Triassic metamorphism of
the South China. Wang et al. (2001) reported 226‒259 Ma
tectonothermal events on the granitic gneisses of the Wugong-
shan massif in southeast China and interpreted that such
dynamic event was related with intracontinental deformation
and magmatic activity linked to Indosinian collision between
South China and the North China blocks during Triassic time.
Wang et al. (2007b) summarized that high-grade metamor-
phism in the South China block occurred during 246‒252 Ma
based on published SHRIMP zircon U-Pb data (Chen et al.,
1998; Peng et al., 2004). For example, Peng et al. (2004)
dated zircons from granulite xenoliths hosted by charnokite
intrusion in the Shiwan Mountains (southeastern Guangxi)
and suggested that magmatic crystallization age of the rim
at ca. 248 Ma of the A-type charnokite, formed in the fast
lift and exhumation partial melting in post-collision oro-
genic environment, marks the end of Indosinian orogeny.
On the other hand, Wang et al. (2007b) also obtained a
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weighted mean 206Pb/238U age of 236.0 ± 3.1 Ma from the zir-
con of gneissic rocks in the Yunkai massif of South China
Block and interpreted it as the metamorphic resetting age
during the Indosinian tectonic event. According to them,
most of the metaigneous rocks are actually the Caledonian
anatectic granites possibly overprinted by Indosinian (~236 Ma)
reactivation. Wang, Y. et al. (2005) constrained the timing
of the major deformation event to the middle Triassic to early
Jurassic (244‒195 Ma) on the basis of 40Ar/39Ar geochronol-
ogy and other geological observations for the Xuefengshan
tectonic belt of the South China Block and suggested that
the Xuefengshan belt may represent part of a huge structural
fan between the Yangtze and Cathaysian blocks and can be
interpreted as a product of the Indosinian intracontinental
collision involving a weak zone. 

In summary, there are many reports of both plutonic emplace-
ment and regional metamorphism over a period from the late
Permian to middle Triassic. Especially the timings of the
metamorphism occurred within the South China block are
quite similar to those of the Korean peninsula but somewhat
earlier than the Dabie-Sulu continental collision belt, because
UHP metamorphism of the Dabie-Sulu collision belt occurred
at ca. 225 Ma (e.g., Liu et al., 2004. 2005; Zheng et al., 2006).
In other words, there were metamorphic events within the
South China block during the late Permian to middle Triassic
prior to the well-known Triassic continental collision with
the North China block. 

6. CONCLUSION

We report the presence of “Young granite gneiss” that has
been mistakenly regarded as a part of the Precambrian met-
amorphic basement. SHRIMP U-Pb zircon age investigation
of the Gimcheon granite gneiss reveals an emplacement
near the boundary Permian-Triassic boundary and follow-
ing middle Triassic regional metamorphism, which requires
reconsideration of some traditional perspectives. The dis-
covery of Phanerozoic “Young” gneiss raises the possibility
that there might be more middle Triassic high-grade meta-
morphic rocks around 230 Ma within the Youngnam massif.

It is also interesting that the Permian-Triassic boundary
emplacement age of the Gimcheon granite gneiss is very
similar to the ages of metamorphism for the Imjinagang belt
and also northeastern Gyeonggi massif including Odaesan
area. Similar ages of metamorphism also have been reported
within the South China block. Obviously such ages predate
the continental collision between North and South China blocks
along the Dabie-Sulu belt. So far many workers have con-
sidered the late Pemian to early Triassic metamorphism of
the Imjingang belt or northeastern Gyeoggi massif as pos-
sible indications of a continental collision event within the
Korean peninsula. However, the occurrences of concurrent
metamorphism within both the Korean peninsula and South
China block prior to the Chinese continental collision event

may not be fortuitous and it is necessary to evaluate the pos-
sibility of regional metamorphic events independent from the
collisional events. 

There are widely scattered middle Triassic metamorphic
rocks throughout the Korean peninsula and also within the
South China block. Among those, eclogite facies metamor-
phism of the Hongseong area was suggested as an evidence
of the continental collision within the Korean peninsula.
However, there is no evidence of ultra-high pressure meta-
morphism, such as diamond or coesite. There is a possibility
that it may not be related with the continental collision
event. It would be worthwhile to examine the possibility
that lower to middle Triassic metamorphism of the Korean
peninsula might be products of the intracontinental colli-
sional events as suggested for the Xuefengshan tectonic belt
of the South China Block (Wang, Y. et al., 2005). 

ACKNOWLEDGMENTS: We thank Dr. S.R. Lee, Dr. Kenji Horie
and an anonymous reviewer for constructive and helpful comments,
and Myoung Jung Kim and Yeong-Ji Ha for their help during the
preparation of the draft. SHRIMP data were collected while the first
author visited the Tectonics Special Research Centre (TSRC), Curtin
node, as a visiting research fellow. Thanks to the members of the
TSRC for kind help with SHRIMP analysis. This research was sup-
ported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of
Education (NRF-2012R1A1A2042870 and NRF-2010-0023385). 

REFERENCES

Chang, H.-W., Turek, A., and Kim, C.-B., 2003, U-Pb zircon geo-
chronology and Sm-Nd isotopic constraints for Precambrian
rocks in the northeastern part of Ryeongnam massif, Korea. Geo-
chemical Journal, 37, 471‒491. 

Chen, C., Lu, H., Jia, D., Cai, D., and Wu, S., 1999, Closing history
of the southern Tianshan ocean basin, western China: an oblique
collisional orogeny. Tectonophysics, 302, 23‒40. 

Chen, D.F., Li, X.H., Pang, J.M., Dong, W.Q., Chen, G.Q., and Chen,
X.P., 1998, Metamorphic newly producted zircon, SHRIMP ion
microprobe U-Pb age of amphibolite of Hexi Group, Zhejiang
and its implication. Acta Mineralogica Sinica, 18, 396‒400.

Chen, R.-X., Zheng, Y.-F., and Xie, L., 2010, Metamorphic growth
and recrystallization of zircon: distinction by simultaneous in-situ
analyses of trace elements, U-Th-Pb and Lu-Hf isotopes in zir-
cons form eclogite-facies rocks in the Sulu orogeny. Lithos, 114,
132‒154. 

Cheong, C.-S. and Chang, H.-W., 1997, Sr, Nd, and Pb isotope sys-
tematics of granitic rocks in the central Ogcheon Belt, Korea.
Geochemical Journal, 31, 17‒36. 

Cheong, C.S. and Kim, N., 2012, Review of radiometric ages for
Phanerozoic granitoids in southern Korean Peninsula. Journal of
the Petrological Society of Korea, 21, 173‒192. (in Korean with
English absract)

Cheong, C.S., Yi, K., Kim, N., Lee, T.-H., Lee, S.R., Geong, J.-z.,
and Li, H.-k., 2013, Tracking source materials of Phanerozoic
granitoids in South Korea by zircon Hf isotopes. Terra Nova, 25,
228‒235. 

Cheong, C.-S., Kwon, S.-T., and Sagong, H., 2002, Geochemical and
Sr-Nd-Pb isotopic investigation of Triassic granitoids and base-



Recognition of the Phanerozoic “Young Granite Gneiss” in the central Yeongnam Massif 13

ment rocks in the northern Gyeongsang Basin, Korea: implications
for the young basement in the East Asian continental margin.
The Island Arc, 11, 25‒44. 

Cho, D.-L., 2007, SHRIMP zircon dating of a low-grade meta-sand-
stone from the Taean Formation: provenance and its tectonic
implications. KIGAM Bulletin, 11, 3‒14. 

Cho, D.-L. and Kim, Y.-J., 2003, SHRIMP U-Pb zircon age deter-
mination for the biotite gneiss and leucocratic granite dykes of
the Pocheon area, Gyeonggi massif: suggestions for the timing of
regional metamorphism and sedimentary deposition. 58th Annual
Meeting of the Geological Society of Korea (Abstract), Andong,
Oct. 24‒25, p. 76. (in Korean)

Cho, D.-L., Kim, Y.-J., and Armstrong, R., 2006, SHRIMP U-Pb
geochronology of detrital zircons from iron-bearing quartzite of
the Seosan Group: constraints on age and stratigraphy. Journal of
the Petrological Society of Korea, 15, 119‒127. (in Korean with
English abstract)

Cho, D.-L., Kwon, S.-T., Jeon, E.-Y., and Armstrong, R., 2001a,
SHRIMP U-Pb zircon geochronology of an amphibolite and a
paragneiss from the Samgot unit, Yeoncheon Complex in the
Imjingang belt, Korea: tectonic implication. 56th Annual Meeting
of the Geological Society of Korea (Abstract), Daegu, Oct.
26‒27, p. 89. 

Cho, D.-L., Kwon, S.-T., Sagong, H., Cheong, C.-S., and Armstrong,
R., 2001b, Precise cooling histories of three neighboring plutons
in the central Okcheon belt: implications for magma movement
rate and tectonics. 56th Annual Meeting of the Geological Society
of Korea (Abstract), Daegu, Oct. 26‒27, p. 90.

Cho, D.-L., Lee, S.R., and Armstrong, R., 2008, Termination of the
Permo-Triassic Songrim (Indosinian) orogeny in the Ogcheon
belt, South Korea: occurrence of ca. 220 Ma post-orogenic alkali
granites and their tectonic implications. Lithos, 105, 191‒200. 

Cho, D.-L., Lee, S.R., and Suzuki, K., 2007, CHIME zircon age of
the Gamaksan alkaline meta-granitoid in the northwestern mar-
gin of the Gyeonggi massif, Korea, and its tectonic implications.
Journal of the Petrological Society of Korea, 16, 180‒188. (in
Korean with English abstract) 

Cho, M., Kwon, S.-T., Ree, J.-H., and Nakamura, E., 1995, High-
pressure amphibolite of the Imjingang belt in the Yeoncheon-
Cheongok area. Journal of the Petrological Society of Korea, 4,
1‒19. (in Korean with English abstract)

Choi, P.-y., Rhee, C.W., Lim. S.-B., and So, Y., 2008, Subdivision of
upper Paleozoic Taean formation in the Anmyeondo-Boryeong
area, west Korea: a preliminary approach to the sedimentary
organization and structural features. Geosciences Journal, 12,
373‒384. 

Choi, S.-G., Rajesh, V.J., Seo, J., Park, J.-W., Oh, C.-W., Pak, S.-J.,
and Kim, S.-W., 2009, Petrology, geochronology and tectonic
implications of Mesozoic high Ba-Sr granites in the Haemi area,
Hongseong Belt, South Korea. Island Arc, 18, 266‒281. 

De Laeter, J.R. and Kennedy, A.K., 1998, A double focusing mass
spectrometer for geochronology. International Journal of Mass
Spectrometry, 178, 43‒50. 

Enami, M. and Zang, Q., 1990, Quartz pseudomorph after coesite in
eclogites from Shandong Province, east China. American Min-
eralogist, 75, 381‒386.

Hwang, J.H., Kim, D.H., Cho, D.-L., and Song, K.Y., 1996, Geo-
logical Report of the Andong sheet (1:250,000). Korea Institute
of Geology, Mining and Materials, 67 p. 

Jeon, E.Y. and Kwon, S.-T., 1999, Metamorphism of the Gonamsan
area in the western Imjingang belt: ant-clockwise P-T-t path. Journal
of the Geological Society of Korea, 35, 49‒72. (in Korean with

English abstract) 
Jeong, Y.-J., Yi, K., Kamo, S.L., and Cheong, C.-S., 2008, ID-TIMS

single zircon age determination of mangerite in the eastern Gyeo-
nggi massif, Korea. Journal of the Geological Society of Korea.
44, 425‒433. (in Korean with English abstract) 

Kee, W.-S., Kim, S.W., Jeong, Y.-J., and Kwon, S., 2010, Charac-
teristics of Jurassic continental arc magmatism in South Korea:
tectonic implications. The Journal of Geology, 118, 305‒323. 

Kim, C.-B., Chang, H.-W., and Turek, A., 2003, U-Pb zircon ages
and Sr-Nd-Pb isotopic compositions for Permian-Jurassic plutons
in the Ogcheon belt and Ryeongnam massif, Korea: tectonic
implications and correlation with the China Qinling-Dabie belt
and the Japan Hida belt. The Island Arc, 12, 366‒382. 

Kim, J. and Cho, M., 2003, Low-pressure metamorphism and leu-
cogranite magmatism, northeastern Yeongnam Massif, Korea:
implication for Paleoproterozoic crustal evolution. Precambrian
Research, 122, 235‒251. 

Kim, J., Yi, K., Jeong, Y.-J., and Cheong, C.S., 2011, Geochrono-
logical and geochemical constraints on the petrogenesis of Meso-
zoic high-K granitoids in the central Korean peninsula. Gondwana
Research, 20, 608‒620. 

Kim, N., Cheong, C.-S., Park, K.-H., Kim, J., and Song, Y.-S., 2012,
Crustal evolution of northeastern Yeongnam massif, Korea, revealed
by SHRIMP U-Pb zircon chronology and geochemistry. Gond-
wana Research, 21, 865‒875. 

Kim, S.W., Kwon, S., Koh, H.J., Yi, K., Jeong, Y.-J. and Santosh, M.,
2011, Geotectonic framework of Permo-Triassic magmatism
within the Korean Peninsula. Gondwana Research, 20, 865‒889. 

Kim, S.W., Ian, S.W., Kwon, S., and Oh, C.W., 2008, SHRIMP zir-
con geochronology, ad geochemical characteristics of metaplutonic
rocks from the south-western Gyeonggi Block, Korea: implica-
tions for Paleoproterozoic to Mesozoic tectonic links between the
Korean Peninsula and eastern China. Precambrian Research, 162,
475‒497. 

Kim, S.W., Oh, C.W., Ian, S.W., Rubatto, D., Ryu, I.-C., Rajesh, V.J.,
Kim, C.-B., Guo, J., and Zhai, M., 2006, Phanerozoic high-pres-
sure eclogite and intermediate-pressure granulite facies metamor-
phism in the Gyeonggi Massif, South Korea: implications for the
eastward extension of the Dabie-Sulu continental collision zone.
Lithos, 92, 357‒377. 

Kim, S.W., Williams, I.S., Kwon, S., and Oh, C.W., 2008, SHRIMP
zircon geochronology, and geochemical characteristics of meta-
plutonic rocks from the south-western Gyeonggy Block, Korea:
implications for Paleoproterozoic to Mesozoic tectonic links
between the Korean peninsula and eastern China. Precambrian
Research, 162, 475‒497. 

Kim, S.W., Yang, S.Y., and Lee, Y.J., 1989, Geological report of the
Gimcheon Sheet (1:50,000). Korea Institute of Energy and
Resources, Seoul, 22 p. 

Kim, T., Oh, C.W., and Kim, J., 2011, The characteristic of mangerite
and gabbro in the Odaesan area and its meaning to the Triassic
tectonics of Korean Peninsula. Journal of the Petrological Society
of Korea, 20, 77‒98. (in Korean with English abstract) 

Kim, Y., Cheong, C.-S., Lee, Y., and Williams, I.S., 2009, SHRIMP
allanite U-Th-Pb dating of bimodal Triassic metamorphism of
Neoarchean tonalitic gneisses, Daeijak Island, central Korea.
Geosciences Journal, 13, 305‒315. 

Lee, H.-S., Song, Y.-S., and Park, K.-H., 2002, Zircon chemical age
of the Precambrian gneisses from Gimcheon area in the central
Yeongnam massif, Korea. Journal of the Petrological Society of
Korea, 11, 157‒168. (in Korean with English abstract)

Lee, H.-S., Song, Y.-S., Cheong, C.-S., and Park, K.-H., 2006, Report



14 Yong-Sun Song, Ho-Sun Lee, Kye-Hun Park, Ian C.W. Fitzsimons, and Peter A. Cawood

on SHRIMP U-Pb zircon ages of Sangju and Gimcheon granites.
61st Annual Meeting of the Geological Society of Korea (Abstract),
Daejeon, Oct. 26‒27, p. 108. (in Korean)

Lee, K.-S., Chang, H.-W., and Park, K.-H., 1998, Neoproterozoic
bimodal volcanism in the Ogcheon belt, Korea: age and tectonic
implication. Precambrian Research, 89, 47‒57. 

Lee, S.-G., Masuda, A., Shimizu, H., and Song, Y.-S., 2001, Crustal
evolution history of Korean peninsula in East Asia: the signifi-
cance of Nd, Ce isotopic and REE data from the Korean Pre-
cambrian gneisses. Geochemical Journal, 35, 175‒187. 

Lee, S.-G., Shimizu, H., Masuda, A., and Song, Y.-S., 1992, Crustal
evolution of the Precambrian basement in the Korean peninsula.
Journal of the Petrological Society of Korea, 1, 124‒131. 

Lee, S.-G., Cho, D.L., Lee, C.B., Lee, T.J., Kim, T.K., Song, Y.H.,
and Lee, J.S., 2007, U-Th zircon age of granodiorite core at
2300 m depth, Heunghae, Pohang: discussion for the formation
age of basement in Pohang Basin. 62nd Annual Meeting of the
Geological Society of Korea (Abstract), Chuncheon, Oct. 25‒26,
p. 110. (in Korean)

Lee, S.R., Cho, M., Cheong, C.-S., Kim, H., and Wingate, M.T.D.,
2003, Age, geochemistry, and tectonic significance of Neopro-
terozoic alkaline ganitoids in the northwestern margin of the
Gyeonggi massif, South Korea. Precambrian Research, 122,
297‒310. 

Li, J.-Y., 2006, Permian geodynamic setting of Northeast China and
adjacent regions: closure of the Paleo-Asian Ocean and subduc-
tion of the Paleo-Pacific Plate. Journal of the Asian Earth Sci-
ence, 26, 207‒224. 

Li, X.H., Li, Z.X., Li, W.X., and Wang, Y., 2006, Initiation of the
Indosinian orogeny in South China: Evidence for a Permian
magmatic arc on Hainan Island. The Journal of Geology, 114,
341‒353.

Li, Z.-X. and Li, X.-H., 2007, Formation of the 1300-km-wide intra-
continental orogen and postorogenic magmatic province in
Mesozoic South China: a flat-slab subduction model. Geology,
35, 179‒182.

Lin, W., Faure, M., Nomade, S., Shang, Q., and Renne, P.R., 2008,
Permian-Triassic amalgamation of Asia: insights from northeast
China sutures and their place in the final collision of north China
and Siberia. C.R. Geosciences, 340, 190‒201. 

Liu, F., Liou, J.G., and Xu, Z., 2005, U-Pb SHRIMP ages recorded
in the coesite-bearing zircon domains of paragneisses in the
southwestern Sulu terrane, eastern China: New interpretation.
American Mineralogist, 90, 790‒800.

Liu, F., Xu, Z., and Xue, H., 2004, Tracing the protolith, UHP meta-
morphism, and exhumation ages of orthogneiss from the SW
Sulu terrane (eastern China): SHRIMP U-Pb dating of mineral
inclusion-bearing zircons. Lithos, 78, 411‒429. 

Liu, X., 1993, High-P metamorphic belt in central China and its possible
eastward extension to Korea. Journal of the Petrological Society
of Korea, 2, 9‒18. 

Ludwig, K.R., 2009, Squid 2 (rev. 2.50), A User’s Manual. Berkeley
Geochronology Center Special Publication 5, 104 p. 

Ludwig, K.R., 2012, User's Manual for Isoplot 3.75. A Geochrono-
logical Toolkit for Microsoft Excel. Berkeley Geochronology
Center Special Publication No. 5, 75 p. 

Metcalfe, I., 1988, Origin and assembly of south-east Asian conti-
nental assembly. The Geological Society of London, Special
Publication, 37, 101‒118. 

Metcalfe, I., 2006, Palaeozoic and Mesozoic tectonic evolution and
palaeogeography of East Asian crustal fragments: the Korean
Peninsula in context. Gondwana Research, 9, 24‒46. 

Oh, C.W., 2006, A new concept on tectonic correlation between
Korea, China and Japan: histories from the late Proterozoic to
Cretaceous. Gondwana Research, 9, 47‒61.

Oh, C.W., Kim, S.W., Choi, S.G., Zhai, M., Guo, J., and Krishnan, S.,
2005, First finding of eclogite facies metamorphic event in South
Korea and its correlation with the Dabie-Sulu Collision Belt in
China. The Journal of Geology, 113, 226‒232. 

Oh, C.W., Kim, C.B., Park, Y.S., and Kim, S.W., 2006a, SHRIMP U-
Pb zircon ages of Paleoproterozoic rocks from the Gyeonggi
massif and their implicaitions. Journal of the Geological Society
of Korea, 42, 587‒606. (in Korean with English abstract) 

Oh, C.W., Kim, S.W., and Williams, I.S., 2006b, Spinel granulite in
Odesan area, South Korea: tectonic implications for the collision
between the North and South China blocks. Lithos, 92, 557‒575. 

Oh, C.W., Krishnan, S., Kim, S.W., and Kwon, U.W., 2006c, Man-
gerite magmatism associated with a probable Late-Permian to
Triassic Hongseong-Odesan collision belt in South Korea. Gond-
wana Research, 9, 95‒105. 

Oh, C.W., Seo, J., Choi, S.G., Rajesh, V.J., and Lee, J.H., 2012, U-
Pb SHRIMP zircon geochronology, petrogenesis, and tectonic
setting of the Neoproterozoic Baekdong ultramafic rocks in the
Hongseong collision belt, South Korea. Lithos, 128‒131, 100‒112.

Park, B. and Lee, Y.J., 1969, Geological Report of the Mupung Sheet
(1:50,000). Geological Survey of Korea, Seoul, 34 p.

Park, K.-H., 1996, Pb-Pb age of marble from Muju, Korea. Journal
of the Petrological Society of Korea, 5, 84‒88. (in Korean with
English abstract)

Park, K.-H., Kim, D.-Y., and Song, Y.-S., 2001, Sm-Nd mineral ages
of charnockites and ilmenite-bearing anorthositic rocks of Jirisan
area and their genetic relationship. Journal of the Petrological
Society of Korea, 10, 27‒35. (in Korean with English abstract) 

Park, K.-H., Song, Y.-S., Park, M.-E., Lee, S.-G., and Ryu, H.-J.,
2000, Petrological, geochemical and geochrnonological studies
of Precambrian basement in northeast Asia region: a. age of the
metamorphism of Jirisan area. Journal of the Petrological Society
of Korea, 9, 29‒39. (in Korean with English abstract)

Park, K.-H., Lee, H.-S., and Cheong, C.-S., 2005, Sphene U-Pb ages
of the granodiorites from Gimcheon, Seongju and Anui areas of
the middle Yeongnam Massif. Journal of the Petrological Society
of Korea, 14, 1‒11. (in Korean with English abstract)

Park, K.-H., Lee, H.-S., Song, Y.-S., and Cheong, C.-S., 2006, Sphene
U-Pb ages of the granite-granodiorites from Hamyang, Geochang
and Yeongju areas of the Yeongnam Massif. Journal of the Petro-
logical Society of Korea, 15, 39‒48. (in Korean with English
abstract)

Peng, S.B., Fu, J.Y., and Lou, Y.H., 2004. The discovery and signif-
icance of A-type charnokite in southeast Guangxi Province,
China. Science Technology and Engineering, 4, 832‒834.

Peng, P., Zhai, M., Guo, J., Zhang, H., and Zhang, Y., 2008, Petro-
genesis of Triassic post-collisional syenite plutons in the Sino-
Korean craton: an example from North Korea. Geological Mag-
azine, 145, 637‒647. 

Pidgeon, R.T., Furaro, D., Kennedy, A.K., Nemchin, A.A., van Bron-
swijk, W., and Todt, W.A., 1994, Calibration of zircon standards
for the Curtin SHRIMP II. 8th International Conference on Geo-
chronology on Cosmo-chronology and Isotope Geology (Aba-
tract), Berkeley, p. 251. 

Ree, J.-H., Cho, M., Kwon, S.-T., and Nakamura, E., 1996, Possible
eastward extension of Chinese collision belt in South Korea; the
Imjingang Belt. Geology, 24, 1071‒1074. 

Ree, J.-H., Kwon, S.-H., Park, Y.-D., Kwon, S.-T., and Park, S.-H.,
2001, Pretectonic and posttectonic emplacement of the granitoids



Recognition of the Phanerozoic “Young Granite Gneiss” in the central Yeongnam Massif 15

in the south central Okchon belt, South Korea: implications for
the timing of strike-slip shearing and thrusting. Tectonics, 20,
850‒867. 

Rubatto, D., Williams, I.S., and Buick, I.S., 2001, Zircon and monazite
response to prograde metamorphism in the Reynolds Range, cen-
tral Australia. Contributions to Mineralogy and Petrology, 140,
458‒468. 

Sagong, H., Cheong, C.-S., and Kwon, S.-T., 2003, Paleoproterozoic
orogeny in South Korea: evidence from Sm-Nd and Pb step-
leaching garnet ages of Precambrian basement rocks. Precam-
brian Research, 122, 275‒295. 

Sagong, H., Kwon, S.-T., and Ree, J.-H., 2005, Mesozoic episodic
magmatism in South Korea and its tectonic implication. Tecton-
ics, 24, TC5002, doi:10.1029/2004TC001720. 

Seo, J., Choi, S.-G., and Oh, C.W., 2010, Petrology, geochemistry,
and geochronology of the post-collisional Triassic mangerite and
syenite in the Gwangcheon area, Hongseong Belt, South Korea.
Gondwana Research, 18, 479‒496. 

Seo, J. and Song, Y.-S., 2010, Triassic~Jurassic plutonic igneous
activity in Sancheong-Hapcheon area, southwestern Yeongnam
massif. Annual Autumn Joint Conference of the Korean Geosci-
ences Union (Abstract), Gyeongju, Oct. 27‒30, p.198. (in Korean)

Song, Y.S., 1989, Geochemistry of the Precambrian metamorphic
rocks from the central Sobaegsan massif, Korea. Journal of the
Korean Institute of Mining Geology, 22, 293‒300. (in Korean
with English abstract)

Song, Y.S. and Lee, S.M., 1989, Petrology of the Precambrian met-
amorphic rocks from the central Sobaegsan massif, Korea. Jour-
nal of the Geological Society of Korea, 25, 451‒468. (in Korean
with English abstract)

Song, Y.-S., Park, K.-H., Lee, H.-S., Cao, L., and Orihashi, Y., 2009,
LA-ICP-MS U-Pb zircon age of the granite gneiss from Jeung-
san-Pyeongwon area of North Korea. Journal of the Petrological
Society of Korea, 18, 171‒179. (in Korean with English abstract)

Song, Y.-S., Park, K.-H., Park, M.-E., Cho, L., Zhang, X., and Ryu,
H.-J., 2001, Petrological, geochemical and geochrnonological
studies of Precambrian basement in northeast Asia region: 2. zircon
ages of some metamorphic rocks from Gyeonggi Massif. Journal
of the Petrological Society of Korea, 10, 95‒105. (in Korean with
English abstract)

Song, Y.-S., Park, K.-H., Seo, J., Jo, H.J., and Yi, K., 2011, SHRIMP
zircon age of the basement gneiss complex in the Pyeongchang-
Wonju area, Gyeonggi massif, Korea. Journal of the Petrological
Society of Korea, 20, 99‒114. (in Korean with English abstract)

Turek, A. and Kim, C.B., 1995, U-Pb zircon ages of Mesozoic plu-
tons in the Damyang-Geochang area, Ryongnam massif, Korea.
Geochemical Journal, 29, 243‒258.

Turek, A. and Kim, C.B., 1996, U-Pb zircon ages Precambrian rocks
in southwestern Ryeongnam and southwestern Gyeonggi mas-
sifs, Korea. Geochemical Journal, 30, 231‒249.

Wang, D.Z., Shu, L.Sh., Faure, M., and Sheng, W.Z., 2001, Mesozoic
magmatism and granitic dome in the Wugongshan Massif, Jiangxi
province and their genetical relationship to the tectonic events in
southeast China. Tectonophysics, 339, 259‒277. 

Wang, Q., Li, J.-W., Jian, P., Zhao, Z.-H., Xiong, X.-L., Bao, Z.-W.,
Xu, J.-F., Li, C.-F., and Ma, J.-L., 2005, Alkaline syenites in east-
ern Cathaysia (South China): link to Permian-Triassic transition.
Earth and Planetary Science Letters, 230, 339‒354. 

Wang, X., Liou, J.G., and Mao, H.K., 1989, Coesite-bearing eclogites
from the Dabie Mountains in central China. Journal of Geology,
17, 1085‒1088. 

Wang, X.M. and Liou, J.G., 1991, Regional ultrahigh-pressure coesite-

bearing eclogite terrane in central China: Evidence from country
rocks, gneiss, marble and metapelite. Geology, 99, 933‒936.

Wang, X.D., Sugiyama, T., Kido, E., and Wang, X.J., 2006, Permian
rugose coral faunas of Inner Mongolia-Northeast China and
Japan: Paleobiogeographical implications. Journal of Asian Earth
Sciences, 26, 369‒379. 

Wang, Y., Fan, W., Sun, M., Liang, X., Zhang, Y., and Peng, T., 2007a,
Geochronological, geochemical and geothermal constraints on
petrogenesis of the Indosinian peraluminous granites in the South
China Block: A case study in the Hunan Province. Lithos, 96,
475‒502. 

Wang, Y., Fan, W., Zhao, G., Ji, S., and Peng, T., 2007b, Zircon U-
Pb geochronology of gneissic rocks in the Yunkai massif and its
implications on the Caledonian event in the South China Block.
Gondwana Research, 12, 404‒416. 

Wang, Y., Zhang, Y., Fan, W., and Peng, T., 2005, Structural signa-
tures and 40Ar/39Ar geochronology of the Indosinian Xuefeng-
shan tectonic belt, South China Block. Journal of Structural
Geology, 27, 985‒998. 

Williams, I.S., 1998, U-Th-Pb geochronology by ion microprobe. In:
McKibben, M.A., Shanks III, W.C., and Ridley, W.I. (eds.),
Applications of microanalytical techniques to understanding min-
eralizing processes. Reviews in Economic Geology, 7, 1‒35.

Williams, I.S., 2001, Response of detrital zircon and monazite, and
their U-Pb isotopic systems, to regional metamorphism and host-
rock partial melting, Cooma Complex, southeastern Australia.
Australian Journal of Earth Sciences, 48, 557‒580. 

Williams, I.S., Cho, D.-L., and Kim, S.W., 2009, Geochronology, and
geochemical and Nd-Sr isotopic characteristics, of Triassic plu-
tonic rocks in the Gyeonggi Massif, South Korea: Constraints on
Triassic post-collisional magmatism. Lithos, 107, 239‒256. 

Wu, F.-Y., Han, R.-H., Yang, J.-H., Wilde, S.A., Zhai, M.-G., and Park,
S.-C., 2007, Initial constraints on the timing of granitic magma-
tism in North Korea using U-Pb zircon geochronology. Chemical
Geology, 238, 232‒248. 

Yi, K., Cheong, C.-S., Kim, J., Kim, N., Jeong, Y.-J., and Cho, M.,
2012, Late Paleozoic to Early Mesozoic arc-related magmatism
in southeastern Korea: SHRIMP zircon geochronology and geo-
chemistry. Lithos, 153, 129‒141. 

Yi, K. and Cho, M., 2009, SHRIMP geochronology and reaction tex-
ture of monazite from a retrogressive transitional layer, Hwacheon
Granulite Complex, Korea. Geosciences Journal, 13, 293‒304. 

Yi, K., Cho, M., Williams, I.S., and Cheong, C.-S., 2008, Triassic
Recrystallization of Monazite in the Ductile Shear Zone, Hwa-
cheon Granulite Complex, Korea. Annual meeting of Asia Oce-
ania Geosciencs Society (Abstract), Busan, June 23‒27, p. 371.

Yi, K., Williams, I.S., Jeong, Y.-J., and Cheong, C.-S., 2009, Triassic
SHRIMP U-Pb zircon age of the so-called mangerite, eastern
Gyeonggi massif, Korea. The Annual Joint Conference of the
Korean Society of Economic and Environmental Geology, the
Geological Society of Korea, and the Korean Society of Petro-
leum Geology (Abstract), Busan, April 22‒24, p. 270. 

Yin, A. and Nie, S., 1993, An indentation model for the North and
South China collision and the development of the Tan-Lu and
Honam fault systems, eastern Asia. Tectonics, 12, 801‒813.

Yun, S.K. and Park, B.K., 1968, Geological Report of the Seolcheon
Sheet (1:50,000). Korea Institute of Energy and Resources, Seoul,
15 p.

Zhai, M., Guo, J., Li, J., Chen, D., Peng, P., Li, T., Hou, Q., and Fan,
Q., 2007, Linking the Sulu UHP belt to the Korean Peninsula:
evidence from eclogite, Precambrian basement, and Paleozoic
sedimentary basins. Gondwana Research, 12, 388‒403. 



16 Yong-Sun Song, Ho-Sun Lee, Kye-Hun Park, Ian C.W. Fitzsimons, and Peter A. Cawood

Zhang, R., Cong, B., Hirajima, T., and Banno, S., 1990, Coesite
eclogite in Su-Lu region, eastern China. EOS Transactions of the
American Geophysical Union, 71, p. 1708.

Zhao, G., Cao, L., Wilde, S.A., Sun, M., Choe, W.J., and Li, S., 2006,
Implications based on the first SHRIMP U-Pb zircon dating on
Precambrian granitoid rocks in North Korea. Earth and Planetary
Science Letters, 251, 365‒379. 

Zheng, J., Griffin, W.L., O’Reilly, S.Y., Yang, J.S., and Zhang, R.Y.,
2006, A refractory mantle protolith in younger continental crust,
east-central China: Age and composition of zircon in the Sulu
ultrahigh-pressure peridotite. Geology, 34, 705‒708.

Manuscript received September 13, 2013
Manuscript accepted May 15, 2014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


