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ABSTRACT: Granitic crystal mush consists of felsic cumulate and interstitial melt. Thus, the whole-rock
compositions of fully crystallized granite depend on the proportions of cumulus felsic minerals and interstitial
melt. Here, we (1) report the petrographic and whole-rock major and trace element elements characteristics of the
Moa, Bomun and Dongcheon Granite occurring at the eastern contacts of the Middle Yangsan Fault, South Korea
and (2) provide a case that the geochemical proxies used in tectonic discrimination may reflect felsic cumulate-melt
separation rather than tectonic setting where the granites formed. Granitic rocks in the study area are subdivided
into biotite granite (Moa and Bomun Granite) and alkali-feldspar granite (Dongcheon Granite). They are leucocratic
monzogranite-syenogranite-alkali-feldspar granite on the basis of modal compositions. Feldspars and biotite in
the alkali-feldspar granite have more evolved composition than those in the biotite granite. These leucocratic
granites have extremely high silica contents (74-78 wt.%), showing a continuous calc-alkalic trend evolving from
the magnesian metaluminous to ferroan peraluminous fields. The major and trace element elements characteristics
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suggest that the leucocratic high-silica granites are a product of granitic crystal mush in the shallow volcanic-arc
crust. Our fractional crystallization models indicate that the biotite granite is felsic cumulate-dominant part whereas
the alkali-feldspar granite is frozen melt extracted from the crystallizing mush.

Key words: granite, crystal mush, felsic cumulate, melt extraction
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Fig. 1. (a) Distribution of the Bulguksa Granite in the Gyeongsang Basin (modified from Chough and Sohn, 2010;
Kim et al., 2016; Cheong and Jo, 2017). The dashed line indicates a trace of the Yangsan Fault. The narrow arrows
represent some granitic bodies used for comparison. Study area is indicated as the red box with thick arrow. (b)
The geological map of study area (modified from Lee et al., 2020).
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Table 1. Modal compositions (%) of the Moa, Bomun and Dongcheon Granite.

Moa Granite Bomun Granite Dongcheon
Granite

S11-1 S11-2  S11-3 Si1-4  S11-5 S11-6  S11-7  S11-8  SI11-9  S21-12  S21-13  S21-14 S21-15  S21-7d
n 789 961 825 997 983 813 926 896 789 868 1023 912 773 929
Qz 32.07 28.62 33.45 33.70 31.84 32.60 31.75 32.70 32.07 3560  41.25 39.25 37.90 34.66
Afs 41.95 42.35 43.03 39.22 43.85 35.92 44.71 44.98 41.95 46.08 43.01 45.18 46.57 57.48
Pl 22.81 25.60 20.24 23.87 21.77 26.69 19.76 18.64 22.81 15.90 12.90 13.16 13.45 3.44
Bt/Chl 2.03 2.19 1.70 2.51 2.24 4.43 335 2.57 2.03 1.50 2.64 1.75 2.07 3.44
Opq 0.89 0.62 0.73 0.30 0.20 0.25 0.11 0.67 0.89 0.23 0.10 0.22 0.00 0.00
Amp 0.00 0.10 0.36 0.20 0.00 0.00 0.00 0.33 0.00 0.12 0.00 0.00 0.00 0.54
F1 0.00 0.10 0.12 0.00 0.00 0.00 0.00 0.11 0.00 0.58 0.10 0.22 0.00 0.11
Spn/Aln 0.25 0.21 0.24 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.11 0.00 0.00
Ap 0.00 0.00 0.00 0.00 0.10 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.22
Cavity 0.00 0.21 0.12 0.20 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.11

Mineral abbreviations: Afs-Alkali-feldspar; Aln-Allanite; Amp-Amphibole; Ap-Apatite; Bt-Biotite; Chl-Chlorite; Fl-Fluorite; Opq-Opaque mineral; Pl-Plagioclase;

Qz-Quartz; Spn-Sphene

Hwang, 2004), A|2fstdog Zh3-dZal(calc-
alkaline) A €& w2} Ask5ltHe.g., Jwa, 1996; Kim
et al., 2016; Cheong and Jo, 2017). 0|52 423}
SHRIMP(sensitive high resolution ion microprobe)
U-Pb Ao 715l et 24 B}
oHi.e., ZV9A S E9), 57.5+£ 0.5, 56.8 £ 0.9 Ma),
B, S5 3P4, 53.9 £ 0.4 Ma) 18]
RN e, SR siet 54.4+£ 0.4, 51.3
+ 0.8 Ma)22 S22t (13 la; Cheong ef al., 2013;
Jo et al., 2016; Cheong and Jo, 2017; Lee et al., 2020).
At ena(t) B Aol endt) 2 XBHE Hig o=
ZFEA] Ul B2k ERARPee] ®utimt
<= H571-7et7] sele.g., FEED S AE5
< 33l FAE A= s E UKo et al., 2016;
Cheong and Jo, 2017). 3tH, th=F 55 Ma Xt} o]g]
A5S 7= EFARP e g, FAERPD)S 55
Ma Erot el ST E T 22 AojE endt) 12
392580 Zhe 7HA Y, o3t L 55 Ma K
o} F2 A|7]9] Eupante] Aokl WESY J& 1
1 G HAS AP AGEHo| Y 2=
A =] AthJo et al., 2016; Cheong and Jo, 2017).
QPSS HEE A WO 200 km o4
of AL Bolol, FBHOE S+ km ol4e] B
HE 1A T3 SRR 2 T BE
AZ=E T 1Y 1a; Lee, D.H. ef al., 2016; Cheon et
al., 2019; Lee, H. et al., 2019; Lee, S.R. et al., 2020).
FAIHSE FAh- Ak 523 ddfjof £
st EaARP S TRt R R dddtthe.g,

Cheon et al., 2019). E3] 53} ddjof ojA
RIS QLR A%l st 54 1
U-Pb Aolz A=e] GAMIS ZAR(Hwang ef
al.,2012; Jo et al., 2016; Cheong and Jo, 2017), 9F
Areko] diek 20 kmo) H% 943 SR WSE 7
21tk o] A2he vl gickHwang, 2004; Hwang
et al.,2007,2012; Cheon et al., 2019).

AT AT djollA FatEat 15t
FH E3Eshe G SPdtolth Holaiek(
Y 1b; 48.9 £ 0.6 Ma; Lee et al., 2020)-2 FAbd=
FHIA S HAY 2 AT AEUE &
AL35]9H(66.4 £ 0.2 Ma; Lee et al., 2020)S T
s, dA Y & BA= &= Wt AEGUl
os) WL B, HESPUL ATAY PR
oA StFFTS TASHL ok FHIFH(TH
1b; 51.6 = 0.5 Ma; Lee ef al., 2020)2 s}FES
wlshe SR sPeolH, Eiat ® 714 A
9] I A A ARt AEehA £4d
S 7}t (29 la; Myeong et al., 2017).

3. Ay

Hof, B T3 gAYl ts 2449, 5
T2)3 1)) N BE S BE A 2E o}
gk (polished thin section) 2.2 AZFslH o™, &
Al (point counting)& S3f o] S°f thet = 24
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Table 2. Representative feldspar compositions of this study.

Moa Granite

Bomun Granite

3-27 2-37 3-28 2-38 2-31 9-7 3-22 9-9 13-3 14-21
Phase Pl Pl Pl Pl Afs Afs Afs Afs Pl Pl
Position Core Core Rim Rim Host Host Exs Exs Core Core
Si0, (wWt.%) 66.74 62.50 66.82 66.02 66.03 66.20 68.94 67.14 64.28 66.12
TiO, 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.02 0.00
ALO3 21.31 23.82 21.01 21.42 18.44 18.91 19.77 20.03 22.52 20.67
FeOt 0.15 0.25 0.10 0.14 0.08 0.08 0.02 0.06 0.13 0.00
MnO 0.00 0.01 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00
CaO 1.88 5.29 1.77 241 0.00 0.21 0.45 0.76 3.55 1.55
MgO 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.01
K0 0.14 0.34 0.25 0.39 15.01 9.51 0.19 0.30 0.36 0.03
Na,O 11.30 8.82 11.18 10.74 1.07 5.24 12.36 12.16 10.00 11.79
P,0s 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BaO 0.00 0.08 0.01 0.00 0.07 0.14 0.00 0.00 0.04 0.00
Total 101.54 101.11 101.15 101.12 100.69 100.31 101.76 100.47 100.89 100.17
Atoms per formula unit (apfu) on the basis of O =8
Si 2.896 2.750 2.909 2.882 3.012 2.986 2.974 2.942 2.822 2.908
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Al 1.090 1.235 1.078 1.102 0.991 1.005 1.005 1.034 1.165 1.072
Fe 0.005 0.009 0.004 0.005 0.003 0.003 0.001 0.002 0.005 0.000
Mn 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000
Ca 0.088 0.250 0.083 0.113 0.000 0.010 0.021 0.036 0.167 0.073
Mg 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.001
K 0.007 0.019 0.014 0.022 0.874 0.547 0.010 0.017 0.020 0.002
Na 0.951 0.752 0.944 0.909 0.094 0.458 1.034 1.033 0.851 1.006
P 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ba 0.000 0.001 0.000 0.000 0.001 0.002 0.000 0.000 0.001 0.000
Total 5.037 5.018 5.031 5.033 4.976 5.014 5.046 5.065 5.031 5.060
Ang" 8.37 24.44 7.95 10.82 0.00 1.00 1.97 3.28 16.08 6.74
Ab® 90.91 73.70 90.71 87.11 9.75 45.13 97.06 95.19 81.99 93.10
Ory° 0.71 1.86 1.35 2.07 90.25 53.87 0.97 1.53 1.93 0.16

*An; = {Ca/(Ca+Na+K)} * 100; °Ab, = {Na/(Ca+Na+K)} * 100; °Or; = {K /(Ca+Na+K)} * 100; Mineral abbreviations: Afs-Alkali-feldspar;

Pl-Plagioclase; Exs-Exsolution

£tk

A =.2] SxpAERAR(back-scattered electron; BSE)
oluz|2} HIFEEY AFAY sk &7 A
sff, ARk SsddAGH A" AARAE
AR ) M54 7] (field emission electron probe
micro analyzer; FE-EPMA, JEOL JXA-8530F)& A}
B35t} dAnpE ] S ©@(0)2 AFSIGTh
ol ATtollA AeH oAk (wavelength dis-
persive spectrometry) 4 272 o}t gtk 7+

229 15 kV, AR 10 nA, 23 =27] 5 um, 3
324 20s 18] 1 B 7AZE =7 10s. FojA glo]glo]]
3] ZAF(atomic number-absorption-fluorescence)
2L AASE BARE AAF 02 3 wi% o]
3 S Hol= AlEHE disl 5% mute] e3¢
£ 7tk ol¥l AFoA S5H FH[ U 27
LESF} 242 72t 3 29} 30 QokE|o] glTh
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Table 2. Continued.

Bomun Granite

Dongcheon Granite

13-3 14-22 12-11 14-23 12-12 14-25 7d-38 7d-40 7d-34 7d-41
Phase Pl Pl Afs Afs Afs Afs Afs Afs Afs Afs
Position Rim Rim Host Host Exs Exs Host Host Exs Exs
SiO; (wt.%) 67.32 64.61 65.56 64.57 68.71 66.89 64.65 64.65 68.62 68.10
TiO, 0.00 0.01 0.00 0.01 0.01 0.02 0.00 0.00 0.00 0.03
AlLO; 20.24 21.20 18.59 18.59 19.63 19.16 18.22 18.12 18.91 18.97
FeOt 0.10 0.10 0.06 0.10 0.11 0.06 0.07 0.15 0.57 0.38
MnO 0.00 0.01 0.00 0.00 0.00 0.02 0.02 0.00 0.01 0.00
CaO 0.96 2.55 0.02 0.09 0.40 0.51 0.00 0.00 0.01 0.03
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
K,0 0.21 0.53 14.96 11.05 0.18 4.95 16.23 15.94 0.12 0.16
Na,O 11.70 10.63 1.17 3.80 12.28 8.02 0.32 0.49 12.43 12.41
P,0s 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00
BaO 0.04 0.01 0.13 0.18 0.01 0.17 0.01 0.00 0.00 0.00
Total 100.57  99.65 100.49  98.38 101.33  99.81 99.52 99.34 100.69 100.10
Atoms per formula unit (apfu) on the basis of O = 8
Si 2.943 2.869 3.001 2.986 2.976 2.984 3.002 3.005 2.995 2.989
Ti 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001
Al 1.043 1.109 1.003 1.013 1.002 1.008 0.997 0.993 0.973 0.981
Fe 0.004 0.004 0.002 0.004 0.004 0.002 0.003 0.006 0.021 0.014
Mn 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.001 0.000
Ca 0.045 0.121 0.001 0.005 0.019 0.024 0.000 0.000 0.000 0.002
Mg 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
K 0.012 0.030 0.874 0.652 0.010 0.281 0.961 0.945 0.007 0.009
Na 0.992 0915 0.104 0.341 1.032 0.694 0.029 0.044 1.052 1.056
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ba 0.001 0.000 0.002 0.003 0.000 0.003 0.000 0.000 0.000 0.000
Total 5.038 5.049 4.986 5.003 5.043 4.999 4.994 4.992 5.048 5.052
Any* 4.29 11.37 0.11 0.46 1.75 2.45 0.00 0.00 0.02 0.15
Ab® 94.58 85.79 10.59 34.17 97.29 69.40 2.90 4.42 99.33 99.01
Or;* 1.13 2.84 89.30 65.37 0.96 28.15 97.10 95.58 0.65 0.84

2 AlAsgich HAE FEE 4418 (hand-picking)
sjol AASHITE. 60°C © B AR 2447 F3t
Az3H 5, g2l 7pto| = E(W-carbide ball mill)
% obAJo] = (agate) THAAPILS ARES) HAfSHACH
At U4 9 v h 2L ) Activation
laboratories(Actlabs)ol| 4] B4 =Tt Actlabs= &
2882 S EHshd AR5 H|=(bead) 2 T
53, o5 Fite g Zafste] AAHE st
o}, o] A&t G4l ARk Q1 ALl T} & o]
23} 2¥(sphene) 22 E8AFES Foled

25ltHe.g., Choi et al., 1994). FHAELAE
3 Y X o]=ZFY4(Se, V, Ba, Sr, Y and Zr) 9]
G r=AskEalZnKinductively coupled plasma; ICP)-
FIEE X H(optical emission spectrometry)= Z3]|
S HolT). Lo olgkelas] 24 e ICP- Mo
¥ (mass spectrometry)S £3) 2= QTHE 4).
st 24219 AHE d5sh] sl =AwE
A AN 27L A ZAHEHUJHE 4). FE4 H o)
Y= 22 = 3% 283 10% oW eaks
7Hd et

x3g+

.
e
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Table 3. Representative biotite compositions of this study.

Moa Granite Bomun Granite

3-13 9-14 9-15 12-18 12-19 14-32
SiO; (wt.%) 35.77 36.16 35.81 36.22 34.14 36.23
TiO, 4.09 3.38 3.77 3.59 3.08 3.42
ALO; 12.76 11.72 12.90 12.24 12.47 11.45
FeOt 25.35 24.35 26.07 25.01 31.94 25.88
MnO 0.64 0.64 0.59 0.53 0.32 0.68
CaO 0.01 0.02 0.00 0.02 0.00 0.00
MgO 7.34 8.08 6.95 7.59 2.96 7.47
K>O 9.02 8.99 8.93 8.64 8.75 9.14
Na,O 0.09 0.14 0.09 0.143 0.14 0.20
BaO 0.59 0.02 0.43 0.21 0.02 0.10
F 1.40 1.93 1.68 1.72 0.50 2.01
Cl 0.46 0.49 0.52 0.18 0.37 0.27
-O=F 0.59 0.81 0.71 0.72 0.21 0.85
-0=Cl 0.10 0.11 0.12 0.04 0.08 0.06

96.82 94.99 96.90 95.33 94.40 95.94

Atoms per formula unit (apfu) on the basis of O = 11

Tetrahedral

Si 2.778 2.832 2.778 2.830 2.819 2.833
VAl 1.168 1.082 1.179 1.127 1214 1.055
Octahedral

VIAL 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.850 0.944 0.803 0.884 0.364 0.870
Fe, 1.646 1.595 1.692 1.634 2.206 1.693
Ti 0.239 0.199 0.220 0.211 0.192 0.201
Mn 0.042 0.043 0.039 0.035 0.022 0.045
Interlayer

Ca 0.001 0.002 0.000 0.001 0.000 0.000
Ba 0.018 0.000 0.013 0.006 0.001 0.003
K 0.893 0.898 0.883 0.861 0.921 0912
Na 0.013 0.021 0.013 0.022 0.023 0.031
Anion

F 0.345 0.477 0.413 0.425 0.131 0.497
Cl 0.061 0.065 0.068 0.024 0.052 0.036
feal® 0.964 0918 0.975 0.940 1.210 0.969
mgli® 0.425 0.472 0.402 0.442 0.182 0.435
Mgy° 34.05 37.18 32.20 35.10 14.18 33.96
Mg 33.49 36.57 31.70 34.62 14.05 33.37

“feal = '(Fe, + Mn + Ti - Al); "mgli =""(Mg - Li), note that lithium content was assumed as zero in this study; ‘Mgs = {Mg /
(Mg + Fey)} * 100, ‘Mg’ = {Mg / (Mg + Mn + Fe,)} * 100
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Table 4. Whole-rock geochemical data.

Moa
Sample S11-1 S11-2 S11-3 S11-4 S11-5 S11-6 S11-7 S11-8 S11-9
SiO, (wWt.%) 76.4 76.11 75.55 75.87 74.19 73.45 72.23 73.8 73.36
TiO, 0.206 0.196 0.2 0.183 0.224 0.218 0.246 0.213 0.237
ALO; 12.77 12.33 12.32 12.43 13.58 13.93 14.11 13.52 13.83
Fe,Ost 1.05 1.46 1.41 1.35 1.26 0.81 1.24 0.95 1.35
MnO 0.006 0.022 0.021 0.018 0.027 0.005 0.016 0.009 0.031
CaO 0.31 0.65 0.62 0.54 0.64 0.53 0.82 0.66 0.84
MgO 0.11 0.29 0.28 0.25 0.35 0.06 0.16 0.12 0.15
K,O0 4.45 4.43 4.28 4.45 4.53 4.79 4.52 4.67 4.56
Na,O 3.67 3.65 3.61 34 4.17 4.09 4.06 393 4.09
P,0Os 0 0.04 0.03 0.05 0.04 0.01 0.05 0.04 0.04
LOI 1.05 0.88 0.9 0.84 1.1 0.85 1.1 0.93 0.73
Total 98.972 99.178 98.321 98.541 99.011 97.893 97.452 97.912 98.488
Ba (ppm) 495 486 458 464 577 655 606 544 639
Rb 152 145 141 152 136 137 141 144 144
Sr 82 82 79 75 118 100 134 103 113
Ga 15 16 16 16 16 15 16 15 15
Nb 8 8 7 7 10 9 9 9 9
Hf 3.8 42 3.6 4.1 4.8 4.9 4 4.3 5
Zr 149 156 139 139 177 205 178 175 222
Y 9 20 19 15 21 27 17 17 22
Th 19.6 18.7 19.9 194 18.5 18 15.7 21.3 16.3
U 4 53 5.1 5 4.4 34 2.9 32 3.1
Cs 4.4 3.9 3.7 3.5 4.7 2.7 5.5 3.6 35
Ta 1.4 1.4 1.5 1.4 1.4 1.5 1.3 1.4 1.1
Co 92 98 85 91 91 49 172 54 53
Sc 3 3 3 3 4 4 4 3 4
Cu <10 <10 <10 <10 <10 <10 <10 <10 <10
Pb 14 23 21 23 14 23 18 15 17
Zn <30 40 30 30 <30 <30 <30 <30 <30
Cr <20 <20 <20 <20 <20 <20 <20 <20 <20
Ni <20 <20 <20 <20 <20 <20 <20 <20 <20
v 12 10 12 10 11 7 12 9 11
La 22.7 25.6 36.6 24.8 26.9 69.3 30.7 29.1 60
Ce 42 48.8 69.7 46.5 54.1 81 59.4 54.7 82.7
Pr 4.5 5.08 7.24 4.81 5.78 17 6.17 5.92 12.6
Nd 14.1 17.9 24 16.6 20.6 56.8 20.2 19.2 39.9
Sm 2.3 3.6 4.4 32 4 10.6 3.7 3.6 7.2
Eu 0.33 0.48 0.48 0.48 0.62 1.23 0.54 0.4 1.06
Gd 1.6 3.1 3.5 2.6 32 7.3 2.7 2.8 5
Tb 0.3 0.6 0.6 0.4 0.6 1.1 0.4 0.4 0.8
Dy 1.7 3.6 3.6 2.8 35 6.3 2.7 2.8 4.6
Ho 0.4 0.7 0.7 0.6 0.7 1.1 0.5 0.6 0.9
Er 1.2 2.4 2.4 1.9 2.3 33 1.6 1.8 2.5
Tm 0.21 0.38 0.38 0.32 0.36 0.51 0.25 0.29 0.39
Yb 1.7 2.7 2.7 23 2.7 34 1.9 2 2.7
Lu 0.28 0.47 0.43 0.38 0.43 0.51 0.32 0.34 0.4

*Duplicated analysis of the S21-15 sample
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Table 4. Continued.
Bomun Dongcheon

Sample S21-12 S21-13 S21-14 S21-15 S21-15° S21-16 S21-7d
SiO, (wWt.%) 77.85 78.04 77.68 78.02 77.88 77.03 76.66
TiO, 0.119 0.125 0.134 0.119 0.12 0.129 0.059
ALOs 11.92 12.19 12.15 11.76 11.85 12.31 12.07
Fe,Ost 0.81 0.88 0.75 0.74 0.74 0.73 0.8
MnO 0.014 0.02 0.013 0.013 0.012 0.011 0.015
CaO 0.45 0.56 0.52 0.49 0.49 0.51 0.04
MgO 0.1 0.13 0.1 0.12 0.12 0.12 0.03
KO 4.77 4.79 4.75 4.67 4.73 4.71 4.39
Na,O 3.66 3.55 3.64 3.59 3.63 3.66 4.19
P,0s 0 0 0.01 0 0 0.02 0.02
LOI 0.57 0.59 0.63 0.56 0.56 0.6 0.59
Total 99.693 100.285 99.747 99.522 99.572 99.23 98.274
Ba (ppm) 259 280 276 280 283 274 15
Rb 142 143 145 144 144 143 197
Sr 33 36 33 34 34 34 6
Ga 15 13 14 14 14 14 26
Nb 7 4 7 5 5 6 26
Hf 2.9 2.1 29 2.5 2.6 29 7.6
Zr 88 79 95 83 83 92 202
Y 21 11 18 14 14 16 46
Th 19.9 14.3 19.2 17.2 17.4 16.8 20.5
U 5.7 1.9 5.7 4.4 4.4 49 5
Cs 1.4 2.5 1.5 1.6 1.6 1.3 3
Ta 1.2 0.6 1.1 0.9 0.9 1 3.2
Co 87 116 142 104 104 101 126
Sc 3 2 3 2 2 2 <1
Cu <10 <10 <10 <10 <10 <10 <10
Pb 12 13 11 11 11 10 12
Zn <30 <30 <30 <30 <30 <30 70
Cr <20 <20 <20 <20 <20 <20 <20
Ni <20 <20 <20 <20 <20 <20 <20
A\ 5 <5 <5 <5 <5 <5 <5
La 27.5 21.1 33.6 243 24.4 30.1 36.6
Ce 51.2 359 64.8 443 45 54.4 80
Pr 5.3 3.69 6.57 4.47 4.5 5.38 8.69
Nd 17.4 12 21.8 144 14.5 17.3 29.4
Sm 3.1 2 4.1 2.8 29 33 6.8
Eu 0.2 0.23 0.2 0.23 0.23 0.23 0.09
Gd 2.8 1.5 29 2.3 2.3 2.4 6.7
Tb 0.5 0.3 0.5 0.4 0.4 0.4 1.3
Dy 3.5 1.7 29 2.6 2.6 2.4 8.5
Ho 0.8 0.3 0.6 0.5 0.5 0.5 1.8
Er 2.4 1.1 2 1.7 1.7 1.6 5.7
Tm 0.37 0.17 0.34 0.26 0.27 0.28 0.94
Yb 2.8 1.2 2.4 2 2 2 6.9
Lu 0.45 0.21 0.38 0.35 0.35 0.33 1.08
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Table 4. Continued.

GBW 07113 SY-4 W-2a JR-1 OREAS 100a
Sample Cert. Meas. Cert. Meas. Cert. Meas. Cert. Meas. Cert. Meas.
SiO, (Wt.%) 72.8 72.79 49.9 49.17 52.4 52.5
TiO, 0.3 0.28 0.287 0.28 1.06 1.1
AlLO; 13 12.94 20.69 20.32 15.4 15.45
Fe 05t 321 3.14 6.21 6.06 10.7 10.66
MnO 0.14 0.14 0.108 0.11 0.163 0.17
CaO 0.59 0.59 8.05 7.98 10.09 10.07
MgO 0.16 0.14 0.54 0.48 6.37 6.23
K0 5.43 5.45 1.66 1.63 0.626 0.62
Na,O 2.57 2.5 7.10 6.82 2.14 2.22
P,0s 0.05 0.03 0.131 0.14 0.13 0.13
LOI
Total
Ba (ppm) 506 499 340 336 182 174
Rb 21 21 257 254
Sr 43 40 1191 1200 190 194
Ga 17 18 16.1 16
Nb 15.2 15
Hf 2.6 2.4 4.51 4.1
Zr 403 402 517 520 94 90
Y 43 44 119 111 24 18
Th 2.4 2.4 26.7 27.3 51.6 54
U 8.88 83 135 144
Cs 20.8 21.1
Ta 1.86 1.8
Co 43 45 18.1 18
Sc 5 6 1.1 1 36 36
Cu 110 120 169 170
Pb 19.3 20
Zn 80 80 30.6 30
Cr 92 100
Ni 70 70
\% 5 5 8 8 262 271
La 10 10.3 19.7 21.1 260 262
Ce 23 24.8 47.2 49.9 463 455
Pr 41.7 48.8
Nd 13 133 233 24.9 152 158
Sm 33 3.4 6.03 6.1 23.6 24.7
Eu 0.3 0.29 3.71 3.83
Gd 23.6 222
Tb 0.63 0.7 1.01 1 3.7 3.80
Dy 232 242
Ho 0.76 0.8 4.81 5.1
Er 25 2.3 14.9 15.1
Tm 0.67 0.7 2.31 2.39
Yb 2.1 22 4.55 49 14.9 15.1
Lu 0.33 0.33 0.71 0.72 2.26 2.33
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Fig. 2. The occurrence of (a) Moa, (b) Bomun and (c)
Dongcheon Granite and (d) The QAP classification (Le
Maitre et al., 2002) based on the modal compositions
in Table 1. Previous modal compositions are from Lee
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Fig. 3. Petrography of (a and b) the Moa Granite, (¢ and d) Bomun Granite and (e and f) Dongcheon Granite and
(g and h) their accessory minerals. (a), (b), (c) and (e) are cross-polarized light images. (d), (f) and (h) are back-scat-
tered electron (BSE) images. The upper half of (f) is energy-dispersive spectrometric (EDS) Na k,-mapping result.
(g) is an EDS phase map for accessory phases. The red arrows represent alkali-feldspar overgrowth on the plagioclase
antecrystic core. The blue arrows indicate a skeletal growth of quartz crystals. Note that the contacting relationships
of euhedral to subhedral crystals are observed as plagioclase in (a) and alkali-feldspar in (c). Abbreviations (Whitney
and Evans, 2010): Ab-Albite; Afs-Alkali-feldspar; Ap-Apatite; Arf-Arfvedsonite; Or-Orthoclase; Pl-Plagioclase;
Qz-Quartz; Spn-Sphene; Thr-Thorite; Zrn-Zircon.
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Fig. 4. Compositional variations of (a) feldspar and (b)
biotite. Biotite classification follows the scheme (O =
11) proposed by Tischendorf et al. (2004). Note that lith-
ium abundance was assumed zero. The inset BSE image
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Fig. 5. The geochemical classification of granitic rocks (Frost, B.R. et al., 2001; Frost, C.D. et al., 2016). (a) Fe*
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(c) Alumina saturation diagram (A/NK = molar Al,0; / (Na,O + K,0) versus A/CNK = molar Al,O; / (CaO + Na,O
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(i.e., Namsan and Dongcheon Granite; Lee et al., 1995; Koh et al., 1996; Kim and Kim, 1997; Lee and Hwang,

1999; Koh, 2001; Hwang, 2004; Cheong and Jo, 2017;

Myeong et al., 2017, 2018), Biotite-bearing granite (i.e.,

Gyeongju Granite; Lee et al., 1995; Koh et al., 1996; Kim and Kim, 1997; Lee and Hwang, 1999; Koh, 2001; Hwang,
2004; Cheong and Jo, 2017), Hornblende-bearing granodiorite (Tohamsan Granite; Lee et al., 1995; Kim and Kim,
1997; Lee and Hwang, 1999; Koh, 2001; Hwang, 2004; Cheong and Jo, 2017) and the Peninsula Ranges Batholith,
USA, as a well-known arc-setting calc-alkaline granitic batholith (Lee et al., 2007).
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Fig. 7. Trace elements variations of the Moa, Bomun and Dongcheon Granite. The partition coefficients (Kd) are
from Stix and Gorton (1990), Ewart and Griffin (1994), Sano et al. (2002) and Rollinson and Pease (2021). Bulk
partition coefficients (D;) were based on the average modal composition of the Moa and Bomun Granite (Table
1;43.6% Afs, 34.6%Qz, 19.8% Pl and 2.0% Bt), assuming fully incompatible behavior of the trace elements for
the quartz (i.e., Kd for Qz is assumed zero) (Table 5). The previous data source is provided in the Figure 5 caption.
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Table 5. Fractional crystallization model parameters used in this study.

Quartz® Alkali-feldspar Plagioclase Biotite

Modal% 34.6 43.6 19.8 2.0

Partition coefficients (Kd) Bulk Kd (Dj)
Rb 0 0.415 0.3 4.1 0.322
Ba 0 14.45 0.2 18 6.700
Nb 0 0.16 0.0025 9.5 0.260
La 0 0.085 0.17 15.1 0.373
Ce 0 0.042 0.13 11 0.264
Sr 0 5.9 31 0.541 8.721
Nd 0 0.035 0.094 5.7 0.148
Zr 0 0.195 0.0002 1.3 0.111
Hf 0 0.042°¢ 0.05 0.84 0.045
Sm 0 0.023 0.1 43 0.116
Eu 0 4.9 0.2 4.7 2.270
Dy 0 0.065 0.045 3.4 0.105
Y 0 0.067° 0.016 1.4 0.060
Yb 0 0.023 0.025 3 0.075
Lu 0 0.03 0.06 3.4 0.093

Note that the modal compositions were used as the wei
Kds. “Partition coefficient for quartz was assumed zero;

ht fractions of crystallizing minerals to calculate the bulk
artition coefficients were from Ewart and Griffin (1994);

“Partition coefficient was from Stix and Gorton (1990); The rest were from the compilation of Rollinson and Pease

(2021).
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Fig. 8. (a) Primitive mantle (Sun and McDonough, 1989) and (b) C1 Chondrite (Sun and McDonough, 1989)-normal-
ized patterns of the Moa, Bomun and Dongcheon Granite. The trace elements compositions of the average continental
crust are from Rudnick and Gao (2014). (c) The samples with tetrad effect in the third segment of rare earth elements.
T; index was calculated from the equation (2) in Monecke et al. (2002).
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Fig. 9. SHRIMP (Sensitive High Resolution Ion MicroProbe)
U-Pb zircon age compilation. Previous data are from:
Hornblende-bearing granodiorite (i.e., Tohamsan Granite;
Cheong et al., 2013; Cheong and Jo, 2017), Biotite-
bearing granite (i.e., Gyeongju Granite; Cheong and Jo,
2017; Lee et al., 2020, Unpublished data) and Alkali-
feldspar granite (i.e., Namsan and Dongcheon Granite;
Joetal., 2016; Lee et al., 2020, Unpublished data).
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Table 6. The results of data filtering for alkali-feldspar granite, biotite-bearing granite and hornblende-bearing gran-

odiorite in the study area.

Alkali-feldspar granite®

Biotite-bearing granite®

Hornblende-bearing granodiorite®

Compiled Survived

Compiled Survived

Compiled Survived

N N Max Min N N Max Min N N Max Min
Rb 38 26 245.00 160.24 34 17 210.00  106.00 34 27 176.00 48.73
Ba 38 26 165.00  4.00 34 17 384.39  131.81 34 27 726.00  300.75
Th 38 26 33.00 14.60 34 17 23.00 15.15 34 27 12.00 4.01
U 22 10 11.10 2.40 14 1 4.20 4.20 6 1 1.60 1.60
Nb 30 19 52.00 17.00 28 14 17.04 6.70 31 25 17.02 5.20
Ta 22 11 6.30 2.40 13 0 5 0
K0! 57 57 4.789 4113 68 68 6.441 2.574 45 45 5.020 1.983
La 31 18 66.99 11.90 26 9 43.78 18.63 15 7 23.54 7.78
Ce 31 18 97.59 28.70 26 9 80.00 28.98 15 7 51.37 19.23
Pb 26 19 19.00 1.22 21 14 57.98 7.33 31 25 24.14 3.10
Sr 37 25 22.00 0.88 34 17 79.40 25.69 34 27 44320 73.54
P05 57 57 0.020 0.003 68 68 0.130 0.010 45 45 0.763 0.010
Nd 31 18 63.94 10.00 26 9 32.58 13.65 15 7 24.53 9.19
Zr 38 26 516.00 135.00 34 17 208.00 97.87 34 27 205.15  63.02
Hf 22 11 19.40 1.70 14 1 4.50 4.50 6 1 4.00 4.00
Sm 31 18 14.69 2.70 26 9 5.78 2.69 15 7 5.41 1.66
Eu 30 17 0.21 0.06 26 9 0.57 0.13 15 7 1.19 0.42
TiO,* 57 57 0.170 0.030 68 68 0.539 0.051 45 45 0.683 0.070
Gd 31 18 13.40 2.50 26 9 4.99 2.08 15 7 4.65 1.58
Tb 31 18 2.24 0.60 26 9 0.77 0.41 15 7 0.64 0.24
Dy 26 15 13.77 3.90 20 6 4.64 2.78 11 5 3.22 1.59
Y 30 18 150.27  18.00 28 14 57.98 17.54 31 25 4421 14.07
Ho 31 19 2.87 0.90 26 9 0.96 0.57 15 7 0.95 0.32
Er 31 19 8.65 3.00 26 9 2.95 1.55 15 7 3.08 0.98
Tm 31 19 1.47 0.53 26 9 0.49 0.23 15 7 0.51 0.15
Yb 31 19 10.80 4.10 26 9 3.30 1.26 15 7 3.11 1.01
Lu 31 19 1.60 0.66 24 7 0.50 0.35 14 6 0.46 0.18

*From the Namsan and Dongcheon Granite; *From the Gyeongju Granite; ‘From the Tohamsan Granite; 9K,0, P,0s and TiO, are in wt.%, while the others
are in ppm; Note that the previous data source is provided in the Figure 5 caption.
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Fig. 11. The result of data filtering for alkali-feldspar granite, biotite-bearing granite and hornblende-bearing
granodiorite. The previous data source is provided in the Figure 5 caption and the filtering results are summarized
in Table 6. Samples S11-3, S21-15 and S21-7d are shown for comparison. Note that the previous data set presented
in the Figures 5-7 are the survived ones from the data filtering criteria of this study.
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Fig. 12. (a) F (wt.%) abundance with respect to the de-
creasing biotite Mg# (See also, Table 3). (b) Modeled
interstitial F (wt.%) abundance using Kdi™ ™" of Icenhower
and London (1997). Biotite compositions are from al-
kali-feldspar granite (Lee et al., 1995; Myeong, 2017),
biotite-bearing granite (Lee et al., 1995; Myeong, 2017)
and hornblende-bearing granodiorite (Lee ez al., 1995).
Note that biotite crystals in the Dongcheon Granite have
low oxides totals less than 90 wt.% with low K abun-
dance, which may indicate alteration into chlorite +
Fe-hydroxides; thus, they were not used in this study.
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Fig. 13. (a) Zr, Y and Nb versus Rb/Sr diagram. The thick white arrow represents an intermediate melt evolution
to form felsic parental magma with a more evolved composition (i.e., sample S11-3 from the Moa Granite). The
black and gray curves with crosses (10% interval), respectively, indicate the modeled melt and cumulate
compositions. The red curve assumes completely incompatible behaviors (i.e., Dz v,no = 0). The black broken arrow
is a possible result of zircon dissolution, liberating some HFSEs compatible with zircon. (b) Modeled compositions
of the melt and complementary felsic cumulate. Note that the model parameters are summarized in Table 5 and
the previous data source is provided in the Figure 5 caption.
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Fig. 14. Tectonic discrimination diagram for granitic
rocks (Pearce et al., 1984) in the study area. The black
and gray curves with crosses (10% interval), respectively,
indicate the modeled melt and cumulate compositions.
The black broken arrow is a possible result of zircon
dissolution. The previous data source is provided in the
Figure 5 caption. Abbreviations: ORG-Ocean Ridge
Granites; VAG-Volcanic Arc Granites; WPG-Within
Plate Granites; Syn-COLG-Syn-collision Granites.



610 uET -y

223 srehe shAkS 2|7 A H oA Z13)st )
o] A& BAAZ 3fAgtHe.g., Bachmann
and Bergantz, 2004; Lee and Morton, 2015; Schaen
et al.,2018; Chen et al., 2023). o] A9 22

o] 0] A& o2 23 3 (ie., SAES versus
), A= E}t 7194 (ie, W=7 o
oJB) 18|37 A= o2 AJA7](e., TIZF 55 Ma

A Mk 722 4] dheralols], 7%
A B e o 45H A7t 2
A% AARIY,

6. 28 A Al

ol¥l ATE HF Ar) PAUE FHoA 412
B 3w SRl 9 nEsRhT} 9
A4 SPIRlEAESho) st B4 ma
S5l o] 52 2F 5 modal% v|Rte] 18E J=
(le, ERHLE, F4, 29, Z2F4A, 244, A4,
HUR}o|E 128]al #o]E; Le Maitre ef al., 2002)
= ZFH57] wjiZo] Sud pteto|n, mERdA
R AR - YR SR £
sEIch S sole] Eakel A4S 30 ofs}
o] An,2 7HA= 3, ehzha] AL 50 oAk Or,
£ HRlt} o]F0] Zgét= S 40 0|51e] Mgy
£ 72tk MO R SR SRR 5
79} 0.2 47 wobEl 248 7T

9t SR o] B o) ATe] Sl
B}79HE 74-78 wt.% Si0, TS 7147 =
of -7t st om o Ad 4= Qlrh S= 3t
7Rk upuAIet Wl A -0
A2 7RI, el Bhere slmet meksn
YA zh3-okzbe] EAS Bolt) njEFgds 2 é.%

8T RERE UG o R Bom 579
A e 8 AFes MaHRen
Qe ek DeE AREAN 221 &
$A12 SHHE At ol5e) A 7ok Bye e

B SPdt ElA stetel SHkE o] HRA]
ZHolA FAJE ARFONA 7o, A& R
RS 7Rt & AARIEE o]2Et A
224 2, 71954 23 BwYA7Iol m=t
BT 4o S S G e sk
RS H=A 2 71E9] siAe] Aard dart

(-
r
s

F

lo

&g AR

2Atel 2
o] =Ro 2016\ E FH(SH)o Yoz 3t
AT 2| UL Wot S 7| ZATAINo.

2016R1A6A1A05011910)IUit}. 13 9of A}&-%
U] Aol A YolEls T2 Tk U
9 Qe oA AR 20179 AThEYAZ 3
234 dojRAT =8| Ao A
Q) 213} AFT AZEE 717A0] thel 341 T
SARUYET BIRUA Zo] AT

REFERENCES

Bachmann, O. and Bergantz, G.W., 2004, On the origin of
crystal-poor rhyolites: extracted from batholithic crys-
tal mushes. Journal of Petrology, 45, 1565-1582.

Bachmann, O. and Huber, C., 2016, Silicic magma reser-
voirs in the Earth’s crust. American Mineralogist, 101,
2377-2404.

Barbee, O., Chesner, C. and Deering, C., 2020, Quartz
crystals in Toba rhyolites show textures symptomatic
of rapid crystallization. American Mineralogist, 105,
194-226.

Barnes, C.G., Werts, K., Memeti, V. and Ardill, K., 2019,
Most granitoid rocks are cumulates: deductions from
hornblende compositions and zircon saturation. Journal
of Petrology, 60, 2227-2240.

Bau, M., 1996, Controls on the fractionation of isovalent
trace elements in magmatic and aqueous systems: evi-
dence from Y/Ho, Zr/Hf, and lanthanide tetrad effect.
Contributions to Mineralogy and Petrology, 123, 323-
333.

Boehnke, P., Watson, E.B., Trail, D., Harrison, T.M. and
Schmitt, A.K., 2013, Zircon saturation re-revisited.
Chemical Geology, 351, 324-334.

Bowen, N.L., 1920, Differentiation by deformation. Proceed-
ings of the National Academy of Sciences 6, 159-162.

Cashman, K.V., Sparks, R.S.J. and Blundy, J.D., 2017,
Vertically extensive and unstable magmatic systems: a
unified view of igneous processes. Science, 355, caag
3055.

Chae, Y., Choi, T., Paik, I.S., Kim, J.-S., Kim, H.J., Jeong,
H.Y. and Lim, H.S., 2021, Detrital zircon U-Pb ages of
the Cretaceous Global Geopark, Korea: Depositional
age and Provenance. Journal of the Korean Earth Science
Society, 42, 11-38 (in Korean with English abstract).



TR FAY I 8EQ| 2o F2I5 S8t 1-H2 {7t 2RAU| S0l ChSt ofjH| & 3 il FUTHS SH

Chang, K.H., 1975, Cretaceous stratigraphy of southeast
Korea. Journal of the Geological Society of Korea, 11,
1-23.

Chappell, B.W., Bryant, C.J. and Wyborn, D., 2012,
Peraluminous I-type granites. Lithos, 153, 142-153.

Chappell, B.W. and Wyborn, D., 2004, Cumulate and cu-
mulative granites and associated rocks. Resource Geology,
54, 227-240.

Chen, J.Y., Yang, J.H., Zhang, J.H., Zhu, Y.S. and Yang,
Z.G., 2023, Zircon reveals crystal-melt segregation
processes in the genesis of Cretaceous A-type granites
and related cumulated rocks in southeastern China.
Chemical Geology, 619, 121303.

Cheon, Y., Cho, H., Ha, S., Kang, H.-C., Kim, J.-S. and Son,
M., 2019, Tectonically controlled multiple stages of de-
formation along the Yangsan Fault Zone, SE Korea,
since Late Cretaceous. Journal of Asian Earth Sciences,
170, 188-207.

Cheong, A.C.-S. and Jo, H.J., 2017, Crustal evolution in
the Gyeongsang Arc, southeastern Korea: Geochrono-
logical, geochemical and Sr-Nd-Hf isotopic constraints
from granitoid rocks. American Journal of Science,
317, 369-410.

Cheong, A.C.-S., Jung, M.J., Jo, H.J., Kim, J., Lee, S. and
Jeong, Y.J., 2023, Lithospheric thinning and ignition of
a Cordilleran magmatic flare-up: Geochemical and
O-Hf isotopic constraints from Cretaceous plutons in
southern Korea. Geoscience Frontiers, 14, 101492.

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

Cho, D.-L. and Kwon, S.-T., 1994, Hornblende geobarometry
of'the Mesozoic granitoids in South Korea and the evo-
lution of crustal thickness. Journal of the Geological
Society of Korea, 30, 41-61 (in Korean with English ab-
stract).

Choi, M.-S., Cheong, A.C.-S. and Park, K.-H., 1994, An
experimental study on the trace element analysis of rock
samples with regard to the decomposition method.
Korean Journal of Mineralogy and Petrology, 3, 41-48
(in Korean with English abstract).

Choi, T. and Kwon, M.G., 2019, Depositional age and
provenance of the sandstones in the Cretaceous Euiseong
subbasin inferred by detrital zircon U-Pb age dating.
Journal of the Geological Society of Korea, 55, 551-581
(in Korean with English abstract).

Chough, S.K. and Sohn, Y.K., 2010, Tectonic and sedi-
mentary evolution of a Cretaceous continental arc-back-
arc system in the Korean peninsula: new view. Earth-
Science Reviews, 101, 225-249.

Deering, C.D. and Bachmann, O., 2010, Trace element in-
dicators of crystal accumulation in silicic igneous rocks.

Jo
1=
u
%
)

)
(=)}
—
—

Earth and Planetary Science Letters, 297, 324-331.

Ewart, A. and Griffin, W.L., 1994, Application of proton-
microprobe data to trace-element partitioning in vol-
canic rocks. Chemical Geology, 117, 251-284.

Frost, B.R., Barnes, C.G., Collins, W.J., Arculus, R.J., Ellis,
D.J. and Frost, C.D., 2001, A geochemical classification
for granitic rocks. Journal of Petrology, 42, 2033-2048.

Frost, C.D., Frost, B.R. and Beard, J.S., 2016, On silica-rich
granitoids and their eruptive equivalents. American
Mineralogist, 101, 1268-1284.

Gervasoni, F., Klemme, S., Rocha-Junior, E.R. and Berndt,
J., 2016, Zircon saturation in silicate melts: a new and
improved model for aluminous and alkaline melts.
Contributions to Mineralogy and Petrology, 171, 1-12.

Holness, M.B., 2018, Melt segregation from silicic crystal
mushes: a critical appraisal of possible mechanisms and
their microstructural record. Contributions to Mineralogy
and Petrology, 173, 48.

Hwang, B.-H., 2004, Petrology, isotope and petrogenesis
of'the granitic rocks in the southern Gyeongsang Basin.
Ph.D. thesis, Pusan National University, Pusan, 309 p
(in Korean with English abstract).

Hwang, B.-H., Ernst, W.G. and Yang, K., 2012, Two differ-
ent magma series imply a Palacogene tectonic transition
from contraction to extension in the SE Korean Peninsula.
International Geology Review, 54, 1284-1295.

Hwang, B.-H., McWilliams, M., Son, M. and Yang, K.,
2007, Tectonic implication of A-type granites across
the Yangsan fault, Gigye and Gyeongju areas, southeast
Korean Peninsula. International Geology Review, 49,
1094-1102.

Icenhower, J.P. and London, D., 1997, Partitioning of fluo-
rine and chlorine between biotite and granitic melt: ex-
perimental calibration at 200 MPa H,O. Contributions
to Mineralogy and Petrology, 127, 17-29.

Irvine, T.N., 1982, Terminology for layered intrusions.
Journal of Petrology, 23, 127-162.

Jerram, D.A. and Martin, V.M., 2008, Understanding crys-
tal populations and their significance through the mag-
ma plumbing system. Geological Society, London,
Special Publications, 304, 133-148.

Jo,H.J., Cheong, A.C.-S., Ryu, J.-S., Kim, N., Yi, K., Jung,
H. and Li, X.-H., 2016, In-situ oxygen isotope records
of crustal self-cannibalization selectively captured by
zircon crystals from high-§*°Mg granitoids. Geology,
44,339-342.

Jo, H.J., Cheong, A.C.-S., Yi, K. and Li, X.H., 2018,
Juxtaposition of allochthonous terranes in the central
Korean Peninsula: Evidence from zircon U-Pb ages and
O-Hf isotopes in Jurassic granitoids. Chemical Geology,
484, 136-147.

Jwa, Y.J., 1996, Chemical Composition of Korean Cretaceous
Granites in the Gyeongsang Basin I. Major Element



612 uET -y

Variation Trends. Journal of the Korean Earth Science
Society, 17, 318-325.

Keppler, H., 1993, Influence of fluorine on the enrichment
of high field strength trace elements in granitic rocks.
Contributions to Mineralogy and Petrology, 114, 479-
488.

Kim, C.S. and Kim, G.S., 1997, Petrogenesis of the early
Tertiary A-type Namsan alkali granite in the Kyongsang
Basin, Korea. Geosciences Journal, 1, 99-107.

Kim, O.J., 1971, Study on the intrusion epochs of younger
granites and their bearing to orogenies in South Korea.
Economic and Environmental Geology, 4, 1-9 (in Korean
with English abstract).

Kim, S.W,, Kwon, S., Koh, HJ., 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., Kwon, S., Park, S.-1., Lee, C., Cho, D.-L., Lee,
H.-J., Ko, K. and Kim, S.J., 2016, SHRIMP U-Pb dating
and geochemistry of the Cretaceous plutonic rocks in
the Korean Peninsula: A new tectonic model of the
Cretaceous Korean Peninsula. Lithos, 262, 88-106.

Koh, J.-S., 2001, Mineralogical, geochemical and Sr-Nd
isotopic characteristics of the Namsan A-type and
Gyeongju I-type granitic rocks in the Kyongsang basin,
Korea. Ph.D. thesis, Pusan National University, Pusan,
173 p.

Koh, J.-S., Yun, S.-H., Ahn, J.-Y., Kim, H.-S. and Choi
Y.-J., 2000, Emplacement depth of Cretaceous granites
in Kyeongsang basin, E Korea. Journal of the Korean
Earth Science Society, 21, 59-66 (in Korean with
English abstract).

Koh, J.-S., Yun, S.-H. and Lee, S.W., 1996, Petrology and
geochemical characteristics of A-type granite with par-
ticular reference to the Namsan Granite, Kyeongju.
Korean Journal of Mineralogy and Petrology, 5, 142-
160 (in Korean with English abstract).

Le Maitre, R.W., Streckeisen, A., Zanettin, B., Le Bas,
M.J., Bonin, B., Bateman, P., Bellieni, G., Dudek, A.,
Efremova, S., Keller, J., Lameyre, J., Sabine, P.A., Schmid,
R., Serensen, H. and Woolley, A.R., 2002, Igneous
rocks: A Classification and Glossary of Terms: Recom-
mendations of the International Union of Geological
Sciences Subcommission on the Systematics of Igneous
Rocks. Cambridge University Press, Cambridge, 236 p.

Lee, C.-T.A. and Morton, D.M., 2015, High silica granites:
Terminal porosity and crystal settling in shallow mag-
ma chambers. Earth and Planetary Science Letters, 409,
23-31.

Lee, C.-T.A., Morton, D.M., Kistler, R.W. and Baird, A.K.,
2007, Petrology and tectonics of Phanerozoic continent
formation: From island arcs to accretion and continental
arc magmatism. Earth and Planetary Science Letters,

263, 370-387.

Lee, D.H., Lee, J.M., Cho, H.M. and Kang, T.S., 2016, 3D
crustal velocity structure beneath the broadband seis-
mic array in the Gyeongju area of Korea by receiver
function analyses. Tectonophysics, 689, 89-106.

Lee, H., Kim, H., Kagoshima, T., Park, J.-O., Takahata, N.
and Sano, Y., 2019, Mantle degassing along strike-slip
faults in the Southeastern Korean Peninsula. Scientific
Reports, 9, 15334.

Lee, J.-D. and Hwang, B.-H., 1999, Petrology of the gran-
itoids in the Namsan-Tohamsan area around Gyeongju,
Korea. Journal of the Korean Earth Science Society, 20,
80-95 (in Korean with English abstract).

Lee, M.J., Lee, J.I. and Lee, M.S., 1995, Mineralogy and
major element geochemistry of A-type alkali granite in
the Kyeongju area, Korea. Journal of the Geological
Society of Korea, 31, 583-607.

Lee, S.-G., Asahara, Y., Tanaka, T., Lee, S.R. and Lee, T,
2013, Geochemical significance of the Rb-Sr, La-Ce
and Sm-Nd isotope systems in A-type rocks with REE
tetrad patterns and negative Eu and Ce anomalies: The
Cretaceous Muamsa and Weolaksan granites, South
Korea. Geochemistry, 73, 75-88.

Lee, S.R. and 39 others, 2020, Research on geologic hazard
assessment of large fault system-focusing on central re-
gion of the Yangsan fault (R&D Report NP2018-017).
Korea Institute of Geoscience and Mineral Resources,
Daejeon, 502 p (in Korean).

Lee, T.H., Park, K.H. and Yi, K., 2018, SHRIMP U-Pb ages
of detrital zircons from the Early Cretaceous Nakdong
Formation, South East Korea: Timing of initiation of the
Gyeongsang Basin and its provenance. Island Arc, 27,
e12258.

Lim, H., Nebel, O., Weinberg, R.F., Nebel-Jacobsen, Y.,
Barrote, V.R., Park, J., Myeong, B. and Cawood, P.A.,
2024, Lower crustal hot zones as zircon incubators?
Inherited zircon antecrysts in diorites from a mafic
mush reservoir. Geological Society, London, Special
Publications, 537, SP537-2021.

Marsh, B.D., 2002, On bimodal differentiation by solid-
ification front instability in basaltic magmas, part 1: ba-
sic mechanics. Geochimica et Cosmochimica Acta, 66,
2211-22209.

Monecke, T., Kempe, U., Monecke, J., Sala, M. and Wolf,
D., 2002, Tetrad effect in rare earth element distribution
patterns: a method of quantification with application to
rock and mineral samples from granite-related rare met-
al deposits. Geochimica et Cosmochimica Acta, 66,
1185-1196.

Myeong, B., 2017, Origin of A-type alkali feldspar granite
from Namsan, Gyeongju, SE Korea: Evaluation of F-rich
fluid. M.S. thesis, Kyungpook National University,
Daegu, 31 p.



Myeong, B., Ju, J., Kim, J.-H. and Jang, Y.-D., 2017,
Geochemical Characteristics of A-type granite in
Dongcheondong, Gyeongju. Korean Journal of Mineralogy
and Petrology, 26, 271-280 (in Korean with English ab-
stract).

Myeong, B., Kim, J.-H., Woo, H.-D. and Jang, Y.-D., 2018,
Origin of the Eocene Gyeongju A-type Granite, SE
Korea: Implication for the High Fluorine Contents.
Economic and Environmental Geology, 51, 439-453.

Park, C.S., Shin, H.S., Oh, H., Moon, J.H., Cho, H. and
Cheong, C.S., 2013, Determination of trace elements
in geological reference materials G-3, GSP-2 and SGD-
la by low-dilution glass bead digestion and ICP-MS.
Geostandards and Geoanalytical Research, 37, 361-
368.

Pearce, J.A., 1996, Sources and settings of granitic rocks.
Episodes, 19, 120-125.

Pearce, J.A., Harris, N.B. and Tindle, A.G., 1984, Trace
element discrimination diagrams for the tectonic inter-
pretation of granitic rocks. Journal of Petrology, 25,
956-983.

Petford, N., Koenders, M.A. and Clemens, J.D., 2020,
Igneous differentiation by deformation. Contributions
to Mineralogy and Petrology, 175, 1-21.

Rollinson, H.R. and Pease, V., 2021, Using geochemical
data: To understand geological processes. Cambridge
University Press, Cambridge, 346 p.

Rudnick, R.L. and Gao, S., 2014, Composition of the con-
tinental crust. In: Holland, H. and Turekian, K.K. (eds.),
Treatise on geochemistry 2nd ed., Elsevier, Oxford, 4,
1-51.

Sano, Y., Terada, K. and Fukuoka, T., 2002, High mass res-
olution ion microprobe analysis of rare earth elements
insilicate glass, apatite and zircon: lack of matrix dependency.
Chemical Geology, 184, 217-230.

Schaen, A.J., Cottle, J.M., Singer, B.S., Keller, C.B.,
Garibaldi, N. and Schoene, B., 2017, Complementary
crystal accumulation and rhyolite melt segregation in
a late Miocene Andean pluton. Geology, 45, 835-838.

Schaen, A.J., Singer, B.S., Cottle, J.M., Garibaldi, N.,
Schoene, B., Satkoski, A.M. and Fournelle, J., 2018,
Textural and mineralogical record of low-pressure melt
extraction and silicic cumulate formation in the late
Miocene Risco Bayo-Huemul plutonic complex, south-
ern Andes. Journal of Petrology, 59, 1991-2016.

TR FAY I 8EQ| 2o F2I5 S8t 1-H2 {7t 2RAU| S0l ChSt ofjH| & 3 il FUTHS SH

Jo
1=
u
%
)

)
(=)}
—
w

Sparks, R.S.J., Annen, C., Blundy, J.D., Cashman, K.V.,
Rust, A.C. and Jackson, M.D., 2019, Formation and dy-
namics of magma reservoirs. Philosophical Transactions
of the Royal society A, 377,20180019.

Stix, J. and Gorton, M.P., 1990, Variations in trace element
partition coefficients in sanidine in the Cerro Toledo
Rhyolite, Jemez Mountains, New Mexico: Effects of
composition, temperature, and volatiles. Geochimica
et Cosmochimica Acta, 54, 2697-2708.

Sun, S.S. and McDonough, W.F., 1989, Chemical and iso-
topic systematics of oceanic basalts: Implications for
mantle composition and processes. In: Saunders, A.D.
and Norry, M.J. (eds.) Magmatism in the Ocean Basins,
Geological Society, London, Special Publications, London,
42,313-345.

Tischendorf, G., Rieder, M., Fotster, H.J., Gottesmann, B.
and Guidotti, C.V., 2004, A new graphical presentation
and subdivision of potassium micas. Mineralogical
Magazine, 68, 649-667.

Troll, V.R., Mattsson, T., Upton, B.G.J., Emeleus, C.H.,
Donaldson, C.H., Meyer, R., Weis, F., Dahren, B. and
Heimdal, T.H., 2020, Fault-controlled magma ascent
recorded in the central series of the rum layered in-
trusion, NW Scotland. Journal of Petrology, 61, egaa093.

Vernon, R.H. and Collins, W.J., 2011, Structural criteria
for identifying granitic cumulates. The Journal of Geology,
119, 127-142.

Watson, E.B. and Harrison, T.M., 1983, Zircon saturation
revisited: temperature and composition effects in a vari-
ety of crustal magma types. Earth and Planetary Science
Letters, 64, 295-304.

Whitney, D.L. and Evans, B.W., 2010, Abbreviations for
names of rock-forming minerals. American Mineralogist,
95, 185-187.

Wu, J.T.J. and Wu, J., 2019, Izanagi-Pacific ridge sub-
duction revealed by a 56 to 46 Ma magmatic gap along
the northeast Asian margin. Geology, 47, 953-957.

Zellmer, G.F., 2021, Gaining acuity on crystal terminology
in volcanic rocks. Bulletin of Volcanology, 83, 78.

Received : March 27, 2023
Revised : May 9, 2023
Accepted : August 29, 2023



	A preliminary study on the genesis of high-silica granite by incomplete separation of felsic cumulate-melt: leucocratic granites along the eastern contacts of the Middle Yangsan Fault, South Korea
	요약
	ABSTRACT
	1. 서론
	2. 지질개요
	3. 연구방법
	4. 결과
	5. 토의
	6. 결론 및 제언
	REFERENCES


