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Abstract: Yuksipryeong two-mica granite presents strongly peraluminous characteristics in both mineralogy
and geochemistry. It has high aluminum saturation index with 1.15~1.20 and high corundum with 2.20~
298 wt% CIPW norm. As the color index is <16% and FeO'+MgO +TiO, is average 1.9 wt%, it
corresponds to leucogranite. Yuksipryeong two-mica leucogranite shows negative linear trend for TiO,,
ALO,, FeO, Fe,0,, MgO, CaO, K,0, P,O;, Rb, Ba, and Sr as SiO, increases, and the positive relation of
Zr and Th, which result from feldspar, biotite, apatite and zircon fractionation. Pegmatitic dike has higher
SiO, and P,0,, but lower another major elements. Yuksipryeong two-mica leucogranite has lower Rb, but
higher Ba and Sr than Manaslu, Hercynian two-mica leucogranites, and S-type granites in Lachlan Fold
Belt. Pegmatitic dike has higher Rb and Nb but lower Ba, Sr, Zr, Th, and Pb contents than Yuksipryeong
two-mica leucogranite, resulting in removing or mobilizing for some trace elements from the granitic melt.
Yuksipryeong two-mica leucogranite has total REEs with 95.7~123.3 ppm, and chondrite-normalized REE
pattern is very steep ((La/Yb),=6.9~24.8), light REEs (LREEs)-enriched and heavy REEs (HREEs)-
depleted pattern with low to moderate Eu anomalies (EwEu* =0.7~0.9). While pegmatitic dike has low
total REEs with 7.0 ppm, and chondrite-normalized REE pattern is flat-pattern ((La/Yb),=2.1) with strong
negative Bu anomalies (Ew/Eu*=0.2). The melt compositions having formed two-mica leucogranites
depend on not only the source rock but also the amounts of the residual remaining after melting of source
rocks. The CaO/Na,0 and Rb/Sr-Rb/Ba ratios depend mainly on the composition of source rocks in the
strongly peraluminous granite, that is, plagioclase/clay ratio of the source rocks. Yuksipryeong two-mica
leucogranite has higher CaO/Na,0 and lower Rb/Sr-Rb/Ba ratios than Manaslu and Hercynian two-mica
leucogranites (Millevaches and Gueret) derived from clay-rich, plagioclase-poor (pelite), which suggest that
the probable source rocks for Yuksipryeong two-mica leucogranite is clay-poor, plagioclase-rich
quartzofeldspathic rocks. As the concentrations of ALO, remain nearly constant but those of TiO, increases
as increasing temperature in the strong peraluminous melt, the Al,O,/TiO, ratio may reflect relative
temperature at which the melts have formed. Comparing the pelite-derived Manaslu and Hercynian two-
mica leucogranites, Manaslu two-mica leucogranite has higher Al,O,/TiO, ratio than latter, and its melt
have formed at relatively lower temperature (<875°C) than Hercynian two-mica leucogranites. Likewise,
comparing the quartzofeldspathic rock-derived granites, Yuksipryeong two-mica granite has higher ALO,/
TiO, ratio than S-type granites in Lachlan Fold Belt (>875°C). The melt formed Yuksipryeong two-mica
leucogranite are considered to have been formed at temperature at below the maximum 875°C.
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Introduction
The strongly peraluminous leucogranitic magma-
tism is commonly associated with collisions of conti-
nental, and constitutes an important group derived by
melting of the continental crust. During collision-
related event, strong peraluminous granites may have
formed as a

result of syn- or post-collisional

through as diverse tectonic setting processes, and
some have occurred along the thrust sheet or shear
zone in which the rocks show to be deformed tex-
ture (Sylvester, 1998).

The petrogenesis and source rocks for strongly
peraluminous granites have been controversial. Their
magma can be derived from (a) fractional crystalliza-
tion of hornblende of parental metaluminous magma
(Zen, 1986), (b) reaction between basaltic melts and
crustal rocks (Patino Douce and Beard, 1995), (c)
partial melts of quartzofeldspathic —meta-igneous
(orthogneiss) crustal rocks (Miller, 1985), and (d)
partial melts of metasedimentary rocks in the crust,
such as mature argillaceous-rich pelitic rocks (princi-
pally meta-shale) or immature quartzofeldspathic-rich

e, SR, dHAY

psammitic rocks (principally meta-graywacke) (Chap-
pell and White, 1974).
Particularly, two-mica leucogranites show strongly

peraluminous characteristics, and have been recog-
nized as typical products of partial melting of the
continental crust. These have supported by recent
studies of isotope data, modeling, and experimental
results (Harris and Inger, 1992; Gardien er al., 1995;
Scaillet et al., 1995; Williamson et al., 1996; Ayres
and Harris, 1997; Patino Douce and Harms, 1998;
Castro et al., 1999; Harrison et al., 1999).

Although it has been reported that two-mica gran-
ites occurred in Yeongnam Massif (Kim et al,
1989a, Kim et al., 1989b, Kim et al, 1991, Kim et
al, 1993; Kim and Kim, 1990; Kwon and Hong,
1993), there are two papers for only two-mica gran-
ite (Jwa, 1997; Koh and Yun, 1999). Yuksipryeong
granite,
Massif,

and contains primary muscovite and Al-rich biotite,

located in the central part of Yeongnam

shows strongly peraluminous characteristics
corresponding to the typical two-mica granite (Koh
1997 and

studies have been done on the Yuksipryeong peralu-

and Yun, 1999). For few geochemical
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minous two-mica granite, the geochemical study may
provide information about the source rocks and gen-
esis of Yuksipryeong two-mica granite.

According to priority, the aim of present study is
to consider the geochemical characteristics of Yuksip-
ryeong two-mica granite, compared with other typical
two-mica leucogranites (Manaslu granite in Himalaya,
Nepal and Hercynian granites in southwestern
Europe) and S-type granites in Lachlan Fold Belt.
The final aim focus on identifying the source rocks
for Yuksipryeong two-mica leucogranite and tempera-
ture when the melt has produced.

Survey of the Two-Mica Leucogranite

S-type granites in Lachian Fold Belt, Australia

In the strict sense, S-type granites in Lachlan
Fold Belt, except some batholiths, are not two-mica
granites. However, they might be useful to under-
stand the nature and behavior of strongly peralumi-
nous granite. In addition, S- and I-type granites are
closely related with not only spatially but also com-
positionally like as occurring peraluminous granites
distributed in Yeongnam Massif, Korea.

S-type granites in Lachlan Fold Belt characteristi-
cally contain biotite = muscovite * cordierite & garnet =
ilmenite + alumino-silicate  minerals, whereas I-type
granites contain biotite+hornblende + sphene 1 magnetite
(Chappell and White, 1974; Hine et al, 1978)
(Table 1). However, peraluminous I-type granites also
consist of biotite+muscovite = Mn-gamnet + andalusite,
showing analogy to the mineralogy of S-type gran-
ites. In addition, the geochemistry between felsic
peraluminous S- and I-type granites shows an over-
lap; thus it seems to be difficult to distinguish their
origin. Muscovite is generally present as secondary,
however, some granites such as Granya monzogranite
have primary muscovite with 4.0% modal composi-
tion, 3.86 wt% normative corundum, and 1.4 of alu-
minum saturation index, corresponding to two mica
granite (Chappell and White, 1992).

According to isotope studies for S-type granites,
¥Sr/Sr initial ratios show higher value (>0.708)
than those of I-type granites (0.704~0.706), and ey,
has a range from -9.2 to —5.8. These isotopic het-
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erogeneities suggest that S-type granites in Lachlan
Fold Belt have been derived from heterogeneous
metasedimentary source including psammopelitic rocks
(Chappell and White, 1974 and 1992).

Manasiu two-mica leucogranite in Himalaya,
Nepal

Manaslu two-mica leucogranite, located in the
Higher Himalaya of central Nepal, is one of 10
leucogranites that formed in the overthrusted Higher
Himalaya after the Indo-Eurasian collision. Though
the size is relatively small (about 300km?® among
the other Himalayan leucogranites, it is often taken
as a typical example of two-mica leucogranite (Le
Fort, 1981; Vidal et al., 1982, Clark, 1992; Scaillet
et al, 1995). It mainly consists of quartz, plagio-
clase, perthitic microcline feldspar, euhedral primary
muscovite, and biotite being interstitial and inter-
grown with muscovite. Tourmaline is not actually
part of the mineral assemblage of the granite itself,
but mainly restricted to aplite and pegmatite sill
crosscutting both granite and surrounding formations
(Le Fort, 1981; Scaillet et al., 1995) (Table 1).

Many papers related with Manaslu two-mica
leucogranite have been published: for compositions of
major and trace clements (Le Fort, 1981; Vidal er
al., 1982) for isotope geochemistry (Vidal et al,
1982; Deniel et al, 1987, Ayres and Harris, 1997;
Harrison et al, 1999), for crystallization and melting
experiment (Gardien et al, 1995; Scaillet er al.,
1995; Patino Douce and Harris, 1998), and for trace
element modeling (Harris and Inger, 1992). The
muscovite-whole rock Rb-Sr age is 21~15Ma (Vidal
et al., 1982), and Th-Pb monazite age is 23~19 Ma
(Harrison et al., 1999). The ¥Sr/Sr initial ratio
shows high value with ( 0.725 (Vidal et al, 1982;
Deniel et al, 1987). The results of previous stud-
ies suggest that Manaslu two-mica leucogranites may
have been derived from melting of metapelites under
vapor-absent condition (Harris and Inger, 1992;
Patino Douce and Harris, 1998). As Himalayan
leucogranites formed very late in the period of colli-
sion-related crustal thickening after the collision
began at 54~50Ma (Scharer et al., 1986; Scarle et
al., 1997; Walker et al., 1999), it may have crystal-
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Table 1. The geochemistry of S-type granites in Lachlan Fold Belt and typical two-mica leucogranites

S-type granites
in Lachlan Fold Belt, Australia

Manaslu two-mica leucogranite
in Himalaya, Nepal

Hercynian two-mica leucogranite in

Massif Central, France™

Main references

Chappell & White (1974, 1992)
Hine et al. (1978)

Le Fort (1981), Vidal et al. (1982)
Deniel et al. (1987)

Source rock sedimentary rocks meta-sedimentary (pelite)
I ool
Characteristic b1ot1te_musc'ov1te___.cord1ilj1tei . biotitetmuscovite (tourmaline in
major minerals gamettatumino-silicatesilmenite; only aplite and pegmatite sill)
no hornblende
Accessory monazite, apatite, zircon, monazite, apatite, zircon;
minerals magnetite (uncommon); no sphene  no opaque mineral
CIPW norm >1wt% corumdum average 2.2 wt% corumdum
ASI? >1.10 average 1.16™
. relatively restricted: -
SiO, high, 65-74 wi%% average 74 wt%
more irregular than J-type granites:  very uniform composition:
Oxide 0.01~0.73 wt% TiO,, average 0.07 wt% TiO,,
variations 13.2~15.1 wt% ALO,, average 14.77° wt% AlQ,,
<4.0 wt% CaO, low Fe*/Fe** average 0.5 wt% CaO
<3.2 wt% Na,O (in felsic rocks, “
Alkali contents =5 W% K,0) but <22 Wit =2 Wi oot L., XEZ’ Na(z)o’
K,0), (5.2 wi% K,0 ge 457 wi% Ky
high Rb, low Ba and Sr; average 385 ppm Rb,
Trace elements  >142 ppm Rb, <755 ppm Ba, average 192 ppm Ba,
<198 ppm Sr average 76" ppm Sr
Enclaves pelitic (metasedimentary)
(®"St/Sp)i 0.708~0.720 >0.725, high
(Ena); -9.2~-5.8 -15.9~-~13.0
21~15 Ma (muscovite-whole
Age 65 Ma (Rb-Sr whole rock age) rock age)

23~19 Ma (Th-Pb monazite age)

Turpin ez al. (1990)
Williamson et al. (1996)

meta-sedimentary

biotitetmuscovitet
cordieritettourmaline

monazite, tapatite, zircon,
tgarnet, tsillimanite

>2.1 wt% corumdum
1.16~1.25

70~78 wt%
(average = 74 wt%, n = 39)

irregular between individual
granites: 0.06~0.38 wt% TiO,,
13.9~15.5 wt% ALO,,

0.4~1.5 wt% CaO, low Fe*/Fe**

3.3~4.4 wt% Na,0,
42~5.1 wt% K,0

294~561 ppm Rb,
<378 ppm Ba,
<133 ppm Sr

far fewer than I-type granite

variable between individual
granites; 0.705~0.722

-8.2~-6.1

355~291 Ma
(Rb-Sr whole rock age)

*1=Faille de la Marche, Gueret Massif, Millevaches Massif, and Margeride Massif two-mica leucogranites among Hercynian gran-
ites, *2=molecular AL,0,/(Na,0+K,0+Ca0), *3=average of 36 samples

lized and emplaced during post-collisional events in
this orogen.

Hercynian two-mica leucogranites in south-
western Europe

The Hercynian granites in southwestern Europe lie
in a belt with ~3000km long and 1000km wide,
stretching from Portugal to Carpathians.
two-mica leucogranites and volcanics equivalent to

Hercynian

two-mica granites have been reported to occur in
Massif Central (France), Iberian Massif (Spain and
Portugal), and Calabrian Arc (southern Italy), which

are spatially and temporally associated with calc-alka-
line granites (Pichavant et al., 1988; Holtz, 1989;
Ortega and Gil Ibarguchi, 1990; Turpin et al., 1990;
Rottura er al, 1990; Williamson et al., 1996;
Downes et al., 1997, Bea et al, 1999; Castro et
al., 1999). Tectonic-timing of two-mica leucogranitic
magmatism during tectonic evolution of collision
zone has been controversial; for example, one opin-
ion is syn-collisional (Harris et al., 1986; Castro et
al., 1999), and the other is late or post-collisional
(Williamson ez al., 1996; Villaseca et al., 1998). But

the ages of leucogranitic magmatism are unique, and

J. Petrol. Soc. Korea



The Geochemistry of Yuksipryeong Two-Mica Leucogranite, Yeongnam Massif, Korea 123

these results represent that Hercynian granitic mag-
matism occurred during 50~60 My (ca. 340~280 Ma)
after the beginning of the continental collision (ca.
380~390Ma) (Ortega and Gil Ibarguchi, 1990; Will-
iamson et al., 1996; Villaseca et al, 1998; Castro et
al, 1999). The ¥St/®Sr initial ratios show high
value with above 0.71 (Ortega and Gil Ibarguchi,
1990; Williamson et al., 1996; Downes et al., 1997)
(Table 1).

According to geochemical and experimental stud-
ies on two-mica leucogranites, the probable source
rocks are meta-pelitic sedimentary (Turpin et al,
1990; Williamson et al., 1996; Castro et al., 1999)
and quatzofeldspatic rocks (graywacke or orthogneiss)
(Holtz, 1989; Ortega and Gil Ibarguchi, 1990; Turpin
et al, 1990). For example, among the Hercynian
two-mica leucogranites in N. W. French Massif Cen-
tral, Gueret Massif, Millevaches Massif, and Mar-
geride Massif two-mica leucogranites were derived
from melting of meta-sediments, but the Saint
Sylvestre two-mica leucogranite was derived from
melting of Precambrian granites (Turpin et al.,
1990).

Petrography of Yuksipryeong Two-mica
Leucogranite

Yuksipryeong two-mica granite is distributed widely
around Sosang-myon of Hamyang-gun, the central
part of the study area, intruded into all neighboring
granites and gneisses (Fig. 1) (Koh and Yun, 1999).
It contains few xenoliths, but rare biotite-rich schlier-
ens are present. Grain size is medium to coarse,
and texture is mainly equigranular with some plagio-
clase or K-feldspar megacryst in southern and north-
eastern margin. Pegmatitic and aplitic dikes locally
intruded two-mica granite, especially in the southern
part. The Yuksipryeong two-mica granite mainly con-
sists of 21~45% quartz, 9~27% vperthite, 4~15%
microcline, 21~41% plagioclase, 1~7% muscovite,
and 3~7% biotite (Koh and Yun, 1999). Accessory
minerals are zircon, apatite, epidote, and opaque
minerals. Subhedral quartz commonly shows undula-
tory extinction, and has incipient subgrains. Plagio-
clase is oligoclase (An, ;) and is euhedral to
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subhedral. It shows albite and Carlsbad-albite twins
with remarkable zonation. Alkali feldspar generally
occurs anhedral microcline and microperthite, and
alkali feldspar phenocryst is mainly perthitic micro-
cline showing poikilitic texture, and its X, is 0.90
~0.94.

Biotite shows yellowish brown to dark brown in
color, and usually contains inclusions of apatite, zir-
con, and opaque minerals. It occurs as a euhedral
to subhedral grain, intergrown with or parallel to
muscovite, or as inclusions within muscovite, or as
an interstitial phase with muscovite. Its composi-
tions are approximately 2.4~2.5 atoms per formular
unit (a.pfu) of tetrahedral Al (AI™) and 0.5~0.6
apfu. octahedral Al (Al"). The Fe/(Fe+Mg) ratios
in biotite are 0.62~0.69 with an average of 0.63.
The size of euhedral muscovite is comparable to the
other magmatic minerals and has a narrow reaction
rim. Primary muscovite forms 70~80% of the total
muscovite and has higher TiO, contents (0.751~0.996
wt%) than late-post magmatic muscovite. Its compo-
sition is not pure muscovite but shows celadonite or
tschermark substitutions.

Pegmatitic dike is mainly composed of 45%
quartz, 3% vperthite, 3% microcline, 29% plagio-
clase, and 11 % muscovite. Accessory minerals are
biotite, apatite, and opaque minerals. The texture is
porphyritic, and phenocrysts are quartz, muscovite,
plagioclase, and microperthitc microcline. Muscovite
occurring as subhedral phenocryst is late to post-
magmatic muscovite with low TiO,
(0.248~0.254 wt%) (Koh and Yun, 1999).

contents

Geochemistry of Yuksipryeong Two-mica
Leucogranite

Major and trace elements analyses were carried
out on the X-ray fluorescence (XRF) and Inductively
Coupled Plasma Mass Spectrometer (ICP-MS) in
Korea Basic Science Institute, Seoul Branch.

Major elements

The major element compositions and contents of
normative corundum of the Yuksipryeong two-mica
granite and pegmatitic dike are listed in Table 2.
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Fig. 1. Geological map of the study area.

Yuksipryeong two-mica granite has restricted high

Si0, compositions with 69.9~73.2 wt% (average =
71.4 wt%, n=13) (Fig. 2), being slightly lower than
Manaslu two-mica leucogranite (average =74.01+0.6
wt%, n=36) in Himalaya. Hercynian two-mica

leucogranites in Massif Central, France have 70~78
wt%, and S-type granites in Lachlan Fold Belt show
broad spectrum of SiO, composition from 65 to 74
wi%. The pegmatitic dike in the study area has

high SiO, composition of 80.3 wt%.

The TiO, concentrations decrease from 0.25 to
0.16 wt% as increasing SiO, and TiO, contents is
0.03wt% in pegmatitic dike (Fig. 2a). They are
average 0.0710.07 wt% in Manaslu two-mica leucog-
ranite, 0.06~0.38 wt% in Hercynian two-mica leucog-
ranites, and 0.01~0.73 wt%
Lachlan Fold Belt.
shows a decreasing trend of ALO; from 167 to

in S-type granites in

Yuksipryeong two-mica granite
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Table 2. Representative chemical compositions of Yuksipryeong two-mica leucogranite and pegmatitic dike
Yuksipryeong two-mica leucogranite Dike™
Sample 21306 21309 21310 21312 21314 21405 21406 21408 21409 21411 21412 21422 21426 21419
Sio, 7252 7319 7150 7124 6993 7132 7072 7222 7075 7219 71.10 7144 70.08 80.25
TiO, 016 016 017 016 025 020 022 021 022 019 019 019 022 003
AlLO, 1566 1532 16.06 1629 16.67 16.07 1631 1563 1635 1560 1604 1626 1653 1225
FeO 051 055 058 062 072 054 074 068 057 071 079 060 065 028
Fe,O, 061 066 063 048 088 073 065 068 098 064 057 058 091 028
MnO 004 004 004 004 004 004 004 004 004 004 004 004 005 003
MgO 031 029 030 033 049 032 039 034 04 030 036 031 036 012
CaO 179 174 181 18 209 177 220 193 199 178 181 205 183 024
Na,0 379 349 372 351 379 352 392 364 359 390 346 412 371 265
K,0 364 375 406 431 379 443 353 320 375 326 441 317 426 253
PO 005 005 006 008 007 007 007 008 009 006 007 006 009 009
LOI 066 055 068 060 084 070 072 085 08 084 082 070 081 116
Total 99.79 99.84 99.69 99.59 99.64 99.76 9959 99.56 99.68 9959 99.75 99.59 99.57 99.93
Norm C 234 247 239 267 270 242 220 286 298 257 24 247 270 496
ASI 116 117 116 117 117 116 114 120 120 118 116 116 117 1.6l
CaO/Na,0 047 050 049 053 055 050 056 053 055 046 052 050 049 009
ALOY/TIO, 9788 9575 9447 101.81 66.68 8035 7414 7443 7432 8211 8442 8558 75.14 40833
Trace elements
Rb 142 147 156 166 144 161 75 131 159 140 180 140 178 214
Ba 706 819 941 1050 862 1350 429 595 1100 692 1140 651 985 20
Sr 367 339 421 423 431 467 258 426 427 367 427 500 391 14
Nb 47 4.6 49 1.8 1.9 34 0.1 22 24 32 1.9 4.6 43 6.7
Y 82 6.7 6.9 104 9.7 5.8 37 6.8 6.0 84 7.1 156 79 2.6
Pb 265 254 273 279 235 299 178 248 267 241 287 273 284 80
Zr 467 345 395 487 317 264 133 269 329 377 215 329 457 53
Th 7.5 74 7.6 7.8 7.4 6.6 41 7.1 6.7 74 7.2 74 8.7 0.9
Rb/Sr 039 043 037 039 033 034 029 031 037 038 042 028 046 1540
Rb/Ba 020 0.8 017 016 017 012 018 022 014 020 016 022 018 1070
Rare earth elements
La 247 268 288 320 326 26.1 168 266 261 248 260 244 284 1.2
Ce 422 452 496 538 546 437 291 498 456 443 441 428 491 23
Pr 452 482 522 566 579 448 307 525 486 473 473 468 524 031
Nd 148 156 169 187 191 152 101 174 164 157 159 157 176 1.1
Sm 272 267 297 328 339 253 173 301 272 284 284 274 295 04
Eu 062 065 071 074 077 081 043 075 079 062 070 067 072 003
Gd 237 246 249 283 285 207 146 257 242 247 244 237 269 044
Tb 030 027 028 037 034 025 017 032 028 033 030 032 032 009
Dy 152 134 131 18 171 115 075 147 127 161 148 195 157 051
Ho 027 023 021 034 030 02t 012 026 022 030 024 045 029 008
Er 073 063 060 093 08 053 034 066 060 08 065 148 078 021
Tm 012 008 008 013 012 008 005 009 009 012 008 025 012 004
Yb 069 057 057 08 076 048 030 057 055 077 057 161 073 028
Lu 011 007 007 011 009 007 004 008 008 010 007 021 011 004
ZREE 95.67 101.39 109.82 121.59 12327 97.65 6446 108.82 101.97 9949 100.10 99.62 11062 695
(La/Yb), 1594 2055 2263 1648 18.62 2340 2481 2252 21.68 1497 2005 689 1734 214
EwEu* 073 076 077 072 073 105 081 08 093 070 080 078 077 0.19

#1 = pegmatitic dike

Vol. 12, No. 3, 2003



126 Jeong Seon Koh and Sung Hyo Yun

0.3 T T i 18 T T
) a b
i q? (a) e Q%b )
=) ® 2 14]
a oaf 1 < | o |
12
o
0.0 S SEEmmen 10 b
1.0 N \ 1.2 \ T
ut © uf ¢ (@)
8 1l ¢ 08T
o 0.3 o & ]
- 0.5': @(5’ 1 E 0.6 gﬁj
04f o
0.4 a 0.2[ ]
0.2 - = S 0.0 et
0.06 4 T 06 v T o
0.0sf © (© % ®

O
MgO
°
-

E= 0.04 { e 2:0)

0.03} o a
0.02 - A 0.0 b
3 B 5 -
(® . (h)
- J
o 2 % o 4 @o
] )
C zZ 4t
D
o
0 2
5 T T 0.10 T T —
-8 (i) | ® o (J)+
af o 0.08 o
Q 08 & 5’ an
o~
% 5t ® 1% 0.06 @©
o @®
2 o : —— 0.04 e .
65 70 15 80 85 65 70 75 80 85
Si02 Si02

Fig. 2. Major element variation diagrams. [O=Yuksip-
ryeong two-mica granite, Cl=pegmatitic dike}

153 wit% as SiO, increases (Fig. 2b), and these
ALO, contents are higher than Manaslu two-mica
leucogranite (average = 14.7+0.4 wt%), Hercynian two-
mica leucogranites (13.9~15.5 wt%), and S-type gran-
ites in Lachlan Fold Belt (13.2~15.1 wt%). Pegmatitic
dike has 12.3 wt% Al,O,.

Comparing S-type granites in Lachlan Fold Belt
with usually lower Fe,0,/FeO, the FeO and Fe,O,
concentrations in  Yuksipryeong two-mica  granite
show a similar range of 0.51~0.79 and 0.48~0.98
wt%, respectively, and those in pegmatitic dike have
contents of 028 wit% (Fig. 2c and 2d). The MgO
concentrations decrease from 049 to 029 wt% in
Yuksipryeong two-mica granite, and it is 0.12 wt%
in pegmatitic dike (Fig. 2f).

The CaO concentrations slightly decrease from
220 to 1.74 wt% as increasing SiO, in Yuksipryeong
two-mica granite (Fig. 2g), which are higher than
Manaslu two-mica leucogranite (average =0.50£0.16
wt%) and Hercynian two-mica leucogranites (0.37~
145 wt%). The S-type granites in Lachlan Fold Belt
show relatively high concentrations of CaO (0.29~
3.98 wi%), but have lower CaO contents than I-type
granites (0.45~8.10 wt%). The Na,0O contents are
351~4.12wt% in  Yuksipryeong two-mica  granite
(Fig. 2h), average 4.0610.27 wt% in Manaslu two-
mica leucogranite, and 3.25~4.41 wt% in Hercynian
two-mica leucogranites, which are higher than those
of S-type granites in Lachlan Fold Belt with <3.2
wt%. Yuksipryeong two-mica granite has slightly
lower concentrations of K,0 with 3.17~4.43 wt%
(Fig. 2i) than Manaslu two-mica leucogranite with
average 4.50+£026 wt% and Hercynian two-mica
leucogranites with 4.16~5.11 wt%. S-type granites in
Lachlan Fold Belt show wide range of K,0 with <
520wt%. The P,0Oy concentrations in Yuksipryeong
two-mica granite decrease from 0.09 to 0.05 as SiO,
increases (Fig. 2j). In pegmatitic dike, the concentra-
tions of Ca0, Na,0O, K,O, and P,O, are 0.24, 2.65,
2.53, and 0.09 wt%, respectively, being lower than
Yuksipryeong two-mica granite (Fig. 2).

Samples from Yuksipryeong two-mica granite show
poorly negative linear trend for TiO,, FeO, Fe,O,,
MgO, CaO, K,0, and P,O,, and do strongly for
ALO, in Harker diagram, which represents feldspar,
biotite, and apatite fractionations. Pegmatitic dike has
higher SiO,, but lower the other major element
compositions than Yuksipryeong two-mica granite
(Fig. 2).

Yuksipryeong two-mica granite has characteristically
high normative corundum contents (2.20~2.98 wt%)
(Table 2), and other two-mica leucogranites and S-
type granites in Lachlan Fold Belt listed in Table 1
also have high corundum contents with >1.

Yuksipryeong two-mica granite has low color index
(<16%) and FeO™+MgO+TiO, contents (1.6~2.3 wt%,
average = 1.9 wt%) (Fig. 3a), corresponding to the
nature of leucogranite. The high aluminum satura-
tion index [ASI: molecular Al O,/(Na,0+K,0+Ca0)]
(1.14~1.20, average =1.17) represents strong peralumi-
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F Peralkaline E

nous characteristics (Table 2 and Fig. 3b) belonging
to Chappell and White’ basis value (ASI=1.1). In
the K,O-Na,O diagram (Fig. 4), Yuksipryeong,
Manaslu, and Hercynian two-mica leucogranites have
higher Na,0 contents than S-type granites in Lachlan
Fold Belt. These strongly suggest that basis content
of <32wt% NaO in peraluminous rocks is not pre-
requisite for identfying S-type granite presented by
Miller (1985).

Sylvester (1998) suggested ALO,/TiO,-CaO/Na,0O
diagram for identifying the source compositions of
peraluminous granites (Fig. Sa). The ratios of CaOf
Na,0 and AlL,O,/TiO, depend on the source compo-
sition, temperature, pressure, and effect of added
H,0. Particularly, the dominant control of CaO/Na,0
ratio in the strongly peraluminous granites is plagio-
clase/clay ratio of the source rocks, which means
that melts derived from clay-poor, plagioclase-rich
sources {quartzofeldspathic psammite or orthogneiss)
tend to have higher ratio than melts derived from
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Fig. 4. K,0 vs. Na,0 diagram for S-type granites in
Lachlan Fold Belt and two-mica leucogranites. Data
source: Chappell and White (1992) for S-type granites in
Lachlan Fold Belt; Le fort (1981) for Manaslu two-mica
leucogranite (average compositions of 36 samples); Will-
iamson et al. (1996) for Hercynian two-mica leucogran-
ites. The line represents the compositional boundary
between S-type and I-type granites in the Lachlan Fold
Belt (Chappell and White, 1974). [O=Yuksipryeong two-
mica granite, A=S-type granites in Lachlan Fold Belt, A
=S-type two-mica monzogranite in Lachlan Fold Belt, <
=Manaslu two-mica leucogranite, O=Hercynian two-mica
leucogranites]

clay-rich, plagioclase-poor sources (pelite). According
to the melting experiments on clay-rich natural meta-
pelite (Patino Douce and Johnston, 1991), the Na,0
composition dissolves in the melt, but CaO is stabi-
lized in garnet until garnet is consumed at very
high temperature, thus the melt has low CaO/Na,0
ratio. In the case of melting experiments on plagio-
clase-rich rocks such as psammite (Skjerlie and
Johnston, 1996), plagioclase is not commonly con-
sumed completely during partial melting, and the
concentrations of CaO and Na,0O in the melt will
increase with further melting. The melt has lower
CaO and Na,O contents than source rocks, but the
CaO/Na,O ratio remains broadly constant.

Yuksipryeong two-mica leucogranite has higher the
CaO/Na,0 ratios (0.5~0.6) than Manaslu two-mica
leucogranite (average 0.12) and Hercynian two-mica
leucogranites  (0.1~0.4). This suggests that Yuksip-
ryeong two-mica leucogranite was derived from clay-
poor, plagioclase-rich quartzofeldspathic source (psam-
mite or orthogneiss) rather than clay-rich, plagioclase-
poor pelite (Fig. 5a).

The concentrations of AL, in the strongly pera-
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Fig. 5. (a) ALLO/TiO, vs. CaO/Na,0 and (b) Rb/Sr vs.
Rb/Ba diagrams (Sylvester, 1998). The regions represent
(A) strongly peraluminous S-type granites in Lachlan
Fold Belt, (B) strongly peraluminous Himalayan gran-
ites, and (C) strongly peraluminous Hercynian granites.
The dashed line divides granites derived from clay-poor,
plagioclase-rich source rocks into those derived from
clay-rich, plagioclase-poor source rocks. Data sources are
those as in Fig. 4, Na (1994) for quartzites, and Condie
(1993) for meta-graywacke and meta-pelite. Symbols are
same as Fig. 4.

luminous melts remain nearly constant, but those of
TiO, increase with increasing temperature (Patino
Douce and Johnston. 1991; Skjerlie and Johnston,
1996). Thus the AlLO,/TiO, ratio may reflect relative
temperature at which melt is formed. Manaslu two-
mica leucogranite has high ALO/TIO, ratios with
average 210, representing that the melt was formed
at relatively low temperature (=<875°C suggested by
Sylvester (1998)). This corresponds well to the
results of the anatexis experiments (Scaillet ef al.,
1995; Patino Douce and Harris, 1998) which were
carriecd out for Himalayan strongly peraluminous
rocks and Manaslu two-mica leucogranite, formed at
750~770°C and 803°C, respectively.

Yuksipryeong two-mica leucogranite has higher
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Fig. 6. Trace element variation diagrams. Symbols are
same as Fig. 2.

AlL,Oy/TiO, ratios (74~102) than S-type granites in
Lachlan Fold Belt (20~61), suggesting that the melt
of Yuksipryeong two-mica leucogranite was pro-
duced at lower temperature than that of S-type gran-
ites in Lachlan Fold Belt, which was produced at
=875°C (Sylvester, 1998). Considering that the crys-
tallization temperature of biotite included in musco-
vite ranges from 675 to 750°C and may represent
early stage crystallization in the melt (Koh and Yun,
1999), the melt of Yuksipryeong two-mica leucogran-
ite may have produced below 875°C.

Trace and rare earth elements

Trace elements: The trace and rare earth ele-
ment compositions of the Yuksipryeong granite and
pegmatitic dike are listed in Table 2.

Yuksipryeong two-mica leucogranite has 75~180
ppm Rb (average=148 ppm) (Fig. 6a), which is
lower than Manaslu two-mica leucogranite with aver-
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age 385ppm Rb and Hercynian two-mica leucogran-
ite with 294~561 ppm Rb. The Rb concentrations of
Yuksipryeong two-mica leucogranite are similar to
Namwon two-mica granite showing evolved character-
istics (Kwon and Hong, 1993). S-type granites in
Lachlan Fold Belt have 142~1400ppm Rb, and can
be divided into unfractionated and fractionated S-type
granite by 250ppm Rb concentration (Chappell and
White, 1992). Unfractionated S-type granites in
Lachlan Fold Belt have average 221 ppm (n=160),
and fractionated ones do average 475 ppm (n=119).
Pegmatitic dike in the study area has higher Rb
(214 ppm)
leucogranite. During the cooling and crystallization of

content than  Yuksipryeong two-mica
granitic melts in the late-stage, a volatile-rich phase
such as aplite or pegmatite may be formed and
some trace elements remove or mobilize (Hanson,
1978). The Rb seems to have moved from the gra-
nitic melt to the fluid resemble for forming pegmati-
tic dike. Rb-ion mainly substitutes K-ion, and this
net result is reflected by the composition of musco-
vite, biotite, and K-feldspar. As the mineral/melt par-
tition coefficients (Kd) of Rb in high silica melt are
3.2 for biotite and 1.8 for K-feldspar (Nash and
Crecraft, 1985), the high Rb content in pegmatitic
dike may result in an abundance of modal musco-
vite than Yuksipryeong two-mica leucogranite.

Yuksipryeong two-mica leucogranite has Ba con-
centrations of wide range from 429 to 1140 ppm
(average =943 ppm) (Fig. 2b), which is higher than
unfractionated S-type granites in Lachlan Fold Belt
with average 512 ppm, Manaslu two-mica leucogran-
ite with average 192ppm, and Hercynian two-mica
leucogranites showing very wide range (1~378 ppm)
(Williamson et al., 1996). Pegmatitic dike has the
lowest Ba content (20 ppm). As the Ba has mainly
substitution relation with K-ion and are mostly con-
tained in the biotite (Kd=23.5) and K-feldspar (Kd
=115), the Ba removing from the two-mica granitic
melt into pegmatitic fluid is very low, correspond-
ing to the very low contents of modal biotite and
K-feldspar in pegmatite dike.

The concentrations of Sr are 258~500 ppm

(average =403 ppm) in  Yuksipryeong  two-mica

leucogranite (Fig. 6¢), and are higher than those of
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unfractionated S-type granites in Lachlan Fold Belt
(average = 114 ppm), Manaslu two-mica leucogranite
(average =76 ppm), and Hercynian two-mica leucog-
ranites (7~133ppm). The Sr content in pegmatitic
dike is 14 ppm. The Sr has mainly substitution rela-
tion with Ca-ion, and thus is mostly in plagioclase
composition (Kd=15.6 for 71~76 wt% SiO,) (Nash
and Crecraft, 1985). The Sr removing from the two-
mica granitic melt into pegmatitic dike is very low,
coinciding with the low concentration of plagioclase
in pegmatite dike.

Yuksipryeong two-mica leucogranite has lower Rb,
and higher Ba and Sr than unfractionated S-type
granites in Lachlan Fold Belt, Manaslu two-mica
leucogranite, and Hercynian two-mica leucogranite.
Pegmatitic dike has higher Rb content, and lower
Ba and Sr contents than two-mica leucogranite (Fig
6).

Yuksipryeong two-mica leucogranite has lower con-
tents of Nb (0.15~4.94ppm) than pegmatitic dike
(6.73ppm) (Fig. 6d). The Y contents range from
3.7~15.6 ppm (average=7.9 ppm) (Fig. 6e) in Yuksip-
ryeong two-mica leucogranite and in pegmatitic dike
it is 2.61 ppm. Pegmatitic dike has lower 8.0 ppm
Pb than two-mica leucogranite with 17.8~29.9 ppm
(average =26.0 ppm) (Fig. 6f), corresponding to low
modal composition of feldspar and biotite (Kd=2.5
for K-feldspar, 1.0 for plagioclase, and 0.8 for
biotite) (Nash and Crecraft, 1985). The concentrations
of Zr and Th in Yuksipryeong two-mica leucogranite
are 13.3~48.7 and 4.12~8.72 ppm, respectively, and
those in pegmatitic dike are 53 and 0.85 ppm,
respectively (Fig. 6g). As Zr and Th are mainly
distributed into zircon, Zr-Th diagram shows posi-
tive relation, indicating zircon-fractional crystalliza-
tion is strong in melt of two-mica leucogranite.
Yuksipryeong two-mica leucogranite shows slightly
decreasing trends of Rb, Ba and Sr, but increasing
trend of Y as SiO, increases, which results from
micas, feldspar, and apatite crystallization (Fig. 6).

In strongly peraluminous granitic melt, Rb, Sr and
Ba provide information of source rocks and critical
constraints on the conditions prevailed during melt-
ing, whereas REEs are primarily controlled by acces-
sory phase behavior (Miller, 1985; Harris and Inger,
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1992). The strongly peraluminous granites show lin-
ear array of increasing Rb/Sr ratio as Rb/Ba ratio
increases in the Rb/Sr-Rb/Ba diagram (Fig. 5b).
While Manaslu and Hercynian two-mica leucogranites
derived from pelitic source have higher Rb/Sr and
Rb/Ba ratios than Yuksipryeong two-mica leucogran-
ite. This means that strongly peraluminous granites
with high CaO/Na,0 ratio tend to have lower Rb/Sr
and Rb/Ba ratios than those with low CaO/Na,0O
ratios (Sylvester, 1998).

The pelite-derived melts will not be particularly
higher in Rb and Ba than pelite, because mica and
K-feldspar are abundant in the residue, but Sr is
similar to contents of pelite because of a low bulk
solid/liquid partition coefficient (Miller, 1985). Thus
Rb/Ba ratio in pelite-derived melt will be more than
about 0.25 (Miller, 1985), and this result coincides
with Sylvester’s study (Fig. 5b). In the case of
psammite-derived melt, the Rb/Sr and Rb/Ba ratios
tend to be higher than source, because large
amounts of plagioclase for which Sr and Ba are
compatible but Rb is incompatible elements will be
left behind after melting. However, the Rb/Sr and
Rb/Ba ratios in the strongly peraluminous melts are
a function not only of source composition but also
the amounts of plagioclase and K-feldspar left
behind in the source rocks (Miller, 1985; Harris and
Inger, 1992; Sylvester, 1998). In Fig. 5b, Manaslu
and Hercynian two-mica leucogranites derived from
clay-rich, plagioclase-poor meta-sedimentary  rocks
(Turpin et al., 1990; Patino Douce and Harris, 1998)
show considerable difference in the Rb/Sr and Rb/Ba
ratios. These can be explained by amount of resid-
ual mineral, that is, degrees of partial melting (Har-
ris and Inger, 1992; Williamson ez al., 1996).

Yuksipryeong two-mica leucogranite has higher Sr
and Ba, but lower Rb contents, thus the Rb/Sr and
Rb/Ba ratios is lower than Manaslu and Hercynian
two-mica leucogranites. This suggests that Yuksip-
ryeong two-mica leucogranite was derived from clay-
poor, plagioclase-rich quartzofeldspathic rock (psam-
mitic rock or orthogneiss).

Rare earth elements (REEs): Yuksipryeong two-
mica leucogranite has total REEs of 95.7~123.3 ppm
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Fig. 7. Chondrite (Taylor and McLennan, 1985)-normal-
ized REE diagram. Symbols are same as Fig. 2.

(Table 2). Two-mica leucogranite and pegmatitic dike
have distinctive chondrite-normalized REE patterns.

Two-mica leucogranite shows very steep ((La/Yb)y
=6.9~248), light REEs (LREEs)-enriched and heavy
REEs (HREEs)-depleted pattern with low to moder-
ate Eu anomalies (EwEu* =0.7~0.9). The one sam-
ple with 1.0 FEu anomalies may result from
including of plagioclase phenocryst (Table 2). The
fractionation of REE during melting is function of
abundance of phases, that is, the initial liquids may
show positive or negative Eu anomalies and light
REE enrichment or depletion, which depend upon
residue mineralogy (Miller, 1985). The initial melt
having formed Yuksipryeong two-mica leucogranite
represents weakly depleted content on feldspar after
melting source, as mentioned above, and this result
agrees with the melt behavior derived from clay-
poor, plagioclase-rich quartzofeldspathic source. And
the low to moderate Eu anomalies represent that the
melt has relatively high degree of partial melting
from the source. While LREEs has narrow composi-
tional gab among each sample in Yuksipryeong two-
mica leucogranite, HREEs show more wide composi-
tional variations which result from zircon fraction-
ation within melt.

Pegmatitic dike has low total REEs of about 7.0
ppm and is depleted in all REEs. It shows flat-pat-
tern ((La/Yb)y=2.1) with strong negative Eu anoma-
lies (EwWEu*=0.2) (Table 2 and Fig. 7). The strong
Eu negative anomaly comesponds well to low Sr
content, representing that plagioclase composition is

J. Petrol. Soc. Korea



The Geochemistry of Yuksipryeong Two-Mica Leucogranite, Yeongnam Massif, Korea 131

relatively depleted.

Discussion

According to previous studies on the granitic
rocks distributed in the Yeongnam Massif, the
strongly peraluminous are closely related to the gra-
nitic rocks with calc-alkaline, metaluminous nature
both in time and in space. Besides, the geochemis-
try of strongly peraluminous granites shows both I-
and S-type granite characteristics in various classifica-
tion schemes (Kwon and Hong, 1993; Na, 1994).
Thus, in many studies, the geneses on strong peralu-
minous granites including two-mica leucogranites
have been explained by fractionation from less pera-
luminous granitic melts. Like example of S-type and
I-type granites from Lachlan Fold Belt, because both
type granites show similar chemical compositions,
excepting the fact that felsic S-type granites has
more higher normative corundum than I-type gran-
ites, it might be difficult to make two type discrimi-
nation, especially, in felsic rocks.

Although two-mica leucogranites are generally con-
sidered as the typical products derived from partial
melting of crustal material, the genesis on the Yuk-
sipryeong two-mica leucogranite is needed to study
more on the surrounding granitic rocks. Because we
could not except the consideration that S-type gran-
ites in Lachlan Fold Belt show the geochemical
variation the from unfractionated to fractionated gran-
ite, and the Yuksipryeong two-mica leucogranite
show geochemistry analogy to the Namwon two-mica
granite showing to be highly fractionated than the
surrounding granitic rocks.

As mentioned above, the source rocks for the
two-mica leucogranite are various and have been
controversial. In addition, it is very difficult to dis-
tinguish the source rocks for Yuksipryeong two-mica
leucogranite between quartzofeldspathic meta-igneous
(orthogneiss) crustal rocks and quartzofeldspathic-rich
psammitic rocks (meta-graywacke) in CaO/Na,0 and
Rb/Sr-Rb/Ba ratios. In the isotopic study for gra-
nitic rocks, Na (1994) suggested that the most prob-
able candidates for source rocks of the peraluminous
granites distributed in the Yeongnam Massif, are the
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Precambrian basement gneiss and, to a lesser degree,
the metasedimentary rock including psammitic rock.
However, it is necessary to study isotope geochemis-
try for better understanding of source materials of
Yuksipryeong two-mica granite.

Conclusions

The geochemistry of two-mnica
leucogranite and pegmatitic dike compared with S-

type granites in Lachlan Fold Belt and typical two-

Yuksipryeong

mica leucogranites (Manaslu and Hercynian two-mica
leucogranites) has following characteristics and may
lead to the following conclusions.

(1) Yuksipryeong two-mica granite has the color
index (<16%) and low FeO'™+MgO+TiO, (2.2~2.5
wt%; average=19wt%), which corresponds to
leucogranite. It represents strongly peraluminous char-
acteristics with high aluminum saturation index (1.15
~1.20), and high normative corundum content (2.20~
2.98 wt%).

(2) Yuksipryeong two-mica leucogranite shows neg-
ative linear trend for TiO,, ALO, FeO, Fe,0,,
MgO, CaO, K, O, P,O;, Rb, Ba, and Sr as SiO,
increases, and the positive relation of Zr and Th,
which result from feldspar, biotite, apatite and zircon
fractionation. Pegmatitic dike has higher SiO,, Rb,
and Nb, but lower other major, Ba, Sr, Y, Zr, Th,
Pb, Zr and Th contents than Yuksipryeong two-mica
leucogranite, which result from removing or mobiliz-
ing for some elements from the granitic melt.

(3) Yuksipryeong two-mica leucogranite has higher
Sr and Ba, but lower Rb contents, thus the Rb/Sr
and Rb/Ba ratios is lower than Manaslu and Her-
cynian two-mica leucogranites.

(4) Yuksipryeong two-mica leucogranite has total
REEs with 95.7~123.3ppm, and chondrite-normal-
ized REE patiern is very steep ((La/Yb)y=6.9~24.8),
light REEs (LREEs)-enriched and heavy REEs
(HREEs)-depleted pattern with low to moderate Eu
anomalies (BEuw/Eu* =0.7~09). While pegmatitic dike
has low total REEs contents with 7.0ppm, and
chondrite-normalized REE pattern is flat ((La/Yb) =
2.1) with strong negative Eu anomalies (EwEu*=
0.2).
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(5) Na© show difference between

strongly peraluminous granites: =32 wt% in Yuksip-

contents

ryeong, Manaslu, and Hercynian two-mica leucogran-
ites; and <32wt% in S-type granites from the
Lachlan Fold Belt. Thus, this suggests that the
below 3.2wt% Na,0O content in strongly peralumi-
nous granites is not the requisite for identifying S-
type granite.

(6) The CaO/Na,0 and Rb/Sr-Rb/Ba ratios mainly
depend on plagioclase/clay ratio of the source rocks
in the peraluminous melts. Yuksipryeong two-mica
leucogranite has higher CaO/Na,0 and low Rb/Sr-
Rb/Ba ratios than Manaslu and Hercynian two-mica
leucogranite derived from pelite source, which repre-
sent that it was derived from clay-poor, plagioclase-
rich source such as quartzofeldspathic (psammitic or
orthogneiss) source rocks.

(7) In the strongly peraluminous melt, ALO,/TiO,
ratio may reflect relative temperature at which melt
have been formed. Yuksipryeong two-mica leucogran-
ite having lower ALO,/TiO, ratio than S-type gran-
ites in Lachlan Fold Belt, are considered to have
been produced at relatively lower temperature than
latter, that is, at below the maximum 875°C.
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