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Petrogenesis of the so-called Masanite in the
Kyeongsang Sedimentary Basin

Kyu Han Kim* and Hwa Jung Lee*

ABSTRACT : The granitic rocks, so called Masanite, characterized by the micrographic, mylmekitic and perthitic textures,
and zonal structure of the plagioclase in the Masan, Changwon and Jinhae areas belong to normal granite and granodiorite
based on the modal analysis. These petrographic features strongly suggest the shallow emplacement of the plutons which are
defined a typical calc-alkaline suite and I-type granitoids. The pressures of emplacement of the granitic plutons using the am-
phibole geobarometer were calculated to be 1.2kbar in the Masan area and 1.4kbar in the Changwon area. Their amphibole-

plagioclase equilibrium temperatures were obtained to be 638°C for the former ones and 724°C for the latter .

Homo-

genization temperatures and salinities for the type IIl and IV fluid inclusions in quartz range from 298 to 541°C (av. 425°C),
and 10.5 to 34.6 wt.% NaCl (av. 28.2 wt.% NaCl), respectively. Gas compositions of the granitic rocks with fairly high CO,
concentration relative to CH, correspond to the magnetite series granite of the mantle source. The terminology of the Masan-
ite is not recommended usage. Because it is hard to discriminate in terms of petrological and petrogenetical characteristics
between the Masanite and the Bulguksa granites in the Kyeongsang basin.
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Table 1. Nomenclatures of so called Masanite in the Kyeongsang basin.

Granite porphyry, micrographic quartz monzonite
Granodiorite, adamellite, quartz diorite

Adamellite, perthitic granite

Homblende granite, biotite granite

Granite porphyry characterized by micrographic

texture and miarolitic cavity

Tonalite, adamellite, granodiorite, alkali feldspar granite

Homblende granite type Masanite, biotite granite type Masanite

Micrographic granite
Granite, granodiorite

Koto(1909)

Kim and Kim(1963)
Lee(1969)
Park(1980)

Tsusue et al.(1986)
Lee(1972), Jin(1985a)
Lee(1991)

Lee(1994)
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Fig. 1. Geological and sampling map of the Masan, Chang-
won and Jinhae areas. 1Alluvium; 2. So-called Masanite; 3.
Gabbro; 4. Andesite to dacite rocks; 5. Sedimentary rocks.

HAARER A

XY ER22-2 M s 20t

FPABEL A (22.6~294%), SZZA (217~
30.7%), AFEA (29.1~46.9%), Z-&2 (0.0~5.6%), 2
A (2.3~6.1%), 5IA (2.5~8.9%)°1 1 YA, 2AHHA,
Q3| A, ol AnTo] 2% E3E o Qlth o] F 27}
FEL 594, FUA, Agile| EFeltt. AT ¢
2ol WA A3 YAH 23} FERA 5G| #AHH
A dAe] =dMo] Bt APEME AHY-~-wialy &



BREREAN 2E3e

A
&)
N

Fig. 2. Qz-K-Fd-P1 diagram (Streckeisen, 1979) for so-call-
ed Masanite from the Masan, Changwon and Jinhae areas.
Empty triangle; granite from the Masan area, Open circle;
granite from the Chanwon area, Filled square; granite from
the Jinhae area.
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Fig. 3. Mole AlLLO,/(CaO+Na,0+K;0) vs. SiO, contents of
the granitic rocks from the Masan, Changwon and Jinhae
areas. Symbols are the same as in Fig. 2. S-I type divided
line after Hine ef al (1978).
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Fig. 4. Ab-An-Or diagram for plagioclase of the granitic
rocks.Symbols are the same as in Fig. 2.
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1.7820] 12, M4At2le] Na 9AH]E vkt 0.094~0.209, &
2 0.116~0.19124 25 3 ZH4AF (calcic amphibole)
o 43l (Leake, 1978), Tig] ¥IE 0.014~0.2112 &F
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Table 2. Electron microprobe analysis and structural formulae for amphibole from the Changwon, Masan and Jinhae districts.

Sample No. _ C1-1 G4l C-4-2 C5-1 C-7-2 c82 C9-2
Point No. 1 10 12 1 18 17 2% 31 29 38 37
core core core nm Ccore nm core core nm core nm
Si0, 4612 4871 4766 4642 4526 4473 4608 4629 4792 4714 4592
TiO; 152 099 133 142 180 162 173 167 097 065 143
Cr.0s 000 000 023 000 000 018 000 000 000 000 000
ALO; 643 403 575 598 746 733 667 663 511 482 627
FeO 1891 1752 1515 1687 1632 2002 1816 1773 2042 2078 1836
MnO 045 057 000 037 038 063 044 000 088 118 060
MgO 1133 1242 1379 1305 1233 975 1170 1181 1053 1033 1121
Ca0 1049 1099 1115 1113 1090 1099 1096 1108 1027 1012  10.64
Na,O 19 110 153 158 211 214 168 221 18 158 193
K0 048 052 059 062 052 054 063 063 038 053 070
Total 9769 9684 9718 9744 9708 9791 9804 9804 9828 9713  97.06
0=23
Si 6898 7272 7034 6883 6766 6772 6851 6911 7156 7130  6.935
Al 1102 0728 0966 1117 1234 1228 1149 1089 0844 0870 1065
Al 0032 0019 0035 -0070 0082 0081 0021 0079 0056 -0.010 0052
Ti 0171 0111 0148 0158 0203 0185 0194 0188 0108 0074 0162
Fe'*¥ 0405 0365 0311 0547 0307 0256 0407 0118 0354 0549 0285
Mg 2525 2763 0032  2.883 2747 2200 2592 2627 2343 2327 2522
Fe®? 1960 1821 1559 1545 1732 2278 1850 2095 2196 2079  2.033
Mn 0057 0072 0000 0046 0048 0080 0055 0000 0111 0151 0076
Cr 0000 0000 0027 0000 0000 0021 0000 0000 0000 0000  0.000
Fe““M4 0150 0114 0111 0109 0119 0102 0119 0107 0168 0.170  0.131
Ca 1681 1757 1763 1768 1745 1782 1746 1772 1644 1639 1722
Naguo 0169 0129 0126 0124 0135 0116 0135 0121 018 0191  0.148
Nagsy 0400 0190 0313 0330 0476 0511 0350 0518 0335 0273 0416
K 0092 0099 0110 0117 0099 0104 0119 0120 0072 0102  0.35
A-site 0492 0289 0423 0447 0757 0616 0468 0638 0406 0375 0551
MgMg+Fe® 0563 0603 0121 0651 0613 0491 0584 0556 0516 0528 0554
Fe/Fe+Mg 0484 0442 0896 0420 0426 0535 0466 0457 0521 0530 0479
Al 1135 0710 2090 1046 1316 1309 1170 1168 0900 0860  1.117
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Table 2. Continued.
Sample No. M-1-2 M-2-2 M-3-1 M-4-1 M-5-1 M-6-1
point No. 44 43 50 51 56 75 74 65 83 82
core tim core tim core core core core rim
Si0, 45.56 49.35 48.70 48.19 49.92 46.13 49.36 48.72 4938 48.09
TiO, 1.88 0.69 0.51 0.60 0.12 1.30 0.86 0.51 0.65 0.73
Cr,0s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ALO; 7.21 4,01 4.14 447 345 6.60 3.95 3.67 3.76 5.09
FeO 16.28 17.42 18.25 18.35 17.41 17.64 16.47 17.66 18.90 19.26
MnO 0.37 0.54 0.80 0.97 0.49 0.60 0.66 0.70 0.96 1.01
MgO 12.29 12.36 12.19 11.88 13.16 12.04 12.98 11.79 12.24 11.41
Ca0 10.87 11.16 10.86 10.32 10.33 11.05 11.50 10.75 10.13 10.69
Na,O 1.96 1.10 1.27 1.27 1.00 1.78 132 137 1.26 1.40
K:0 0.60 0.27 0.32 0.35 0.33 0.52 0.35 0.31 0.27 0.47
Total 97.03 96.89 97.04 96.39 96.21 97.64 97.44 95.49 97.55 98.14
0=23
Si 6.815 7.345 7.257 7.225 7.413 6.867 7.310 7.399 7.302 7132
Alg, 1.185 0.655 0.743 0.775 0.587 1.133 0.690 0.601 0.698 0.867
Alwy 0.087 0.049 -0.014 0.016 0.018 0.026 0.000 0.057 -0.042 0.023
Ti 0.211 0.077 0.057 0.068 0.014 0.145 0.096 0.058 0.072 0.081
Fe*¥ 0.266 0.321 0.497 0.551 0.569 0.459 0.241 0.228 0.600 0.510
Mg 2.740 2.742 2.707 2.654 2913 2.670 2.864 2.668 2.698 2.522
Fe*? 1.770 1.847 1.777 1.750 1.593 1.736 1.798 2.015 1.737 1.878
Mn 0.047 0.068 0.100 0.124 0.062 0.076 0.083 0.090 0.120 0.127
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe“”M4 0.121 0.104 0.125 0.161 0.168 0.111 0.082 0.117 0.186 0.141
Ca 1.742 1.779 1.735 1.658 1.643 1.762 1.824 1.750 1.605 1.699
Nagus 0.137 0.118 0.141 0.181 0.189 0.126 0.094 0.133 0.209 0.160
Nags, 0.432 0.199 0.226 0.188 0.098 0.386 0.285 0.272 0.153 0.243
K 0.115 0.050 0.060 0.067 0.063 0.099 0.065 0.060 0.050 0.088
A-site 0.547 0.249 0.286 0.255 0.161 0.485 0.351 0.331 0.203 0.331
Mg/Mg+Fez‘ 0.608 0.597 0.604 0.603 0.646 0.606 0.614 0.570 0.608 0.573
Fe/Fe+Mg 0.426 0.442 0457 0.464 0.426 0.451 0416 0.457 0.464 0.486
Al 1.272 0.704 0.728 0.791 0.605 1.159 0.690 0.658 0.656 0.891
3 o Ztd42 magnesio-hornblende®} ferro-hornblende
oIk, Aly)-Mg/(Mg+Fe,) (Fig. 6)94E 39 gy
2.5 i edenitecll £3}31 U¥-5F actinolitic hornblende9} fer-
e roedenited] &3t} vlate O)RE actinolitic horn-
2t e : blendecll 43t3 o}he edenitec] SjZET} Sish A-
< Al(vi)—o«'/ Pie site occupancy #AIE (Fig. 6)oAE 2 7432 Ro)
Zois = .- o
= i T 3 8iTh wEA Y ZMdAe] Sl9E T gl actinolitest
< 0 @‘) P o actinolitic hornblendes= Si>7.25%1 A2 subsolidus
& - crystalization®] 4H&2 3o},
2 . 0.6Al(iv)+0.25 ) .
osp 7T < v+ Na (A-site)} K (A-site) FAIME 5 A A5 2
T F4:19 ZA ] HAH 3 Uk o] Rt 1:1
I 3 s 3 Al 223 FSAtaEete] 41 124 EAEE 2

Al (total)

Fig. S. Plot of total Al vs. Al (iv) for amphiboles. Symbols
are the same as in Fig. 2.
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(Na+K)A-site < 0.50 ; Ti < 0.50
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Fig. 6. Nomenclature of calcic amphibole is based on
Leake (1978) in the granitic rocks from the Chanwon, Ma-
san and Jinhae areas. A: Atomic Mg/(Mg+Fe) ratio vs.
number of Si atoms. B: Atomic Mg/(Mg+Fe,) ratio vs. Al
(iv). C: A-site occupancy vs. number of Si atoms.
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Fig. 7. Plot of Na in A-site vs. K for amphibole.

Table 3. Calculated pressure and temperature of emplace-
ment of granite plutons from the Masan and Changwon dis-
trict based on the amphibole geobarometer (Johnson, Ruth-
erford, 1989) and plagioclase-amphibole geothermometer
(Blundy, Holland, 1990).

Sample No. Al(T) Xa  P(kbar) T(°C)
C-1-1 core 1135 0785 1340 709
C-4-2 rim 1.046  0.656  0.965 749

core 2090 0.656 5379 811
C-5-1 rim 1.309 0660 2079 756

core 1316 0.660  2.106 757
C-7-2 core 1170 0734 1489 728
C-8-2 rim 0.900 0838 0348 657

core 1168 0.838 1480 694
C9-2 core 1117 0.674 1265 728
M-1-2 core 1272 0.686 1923 742
M-4-1 core 1159 0706  1.443 733
M-6-1 core  0.656 0.640 0308 705

AI(T): total aluminum content of amphibole, Xa: mole frac-
tion of albite in plagioclase defined by Orville(1972).

2%} Blundy, Holland (1990)2] A& 2=A9) 2j38] 2
AL LE AXSIAT (Table 3).

2 - AR R A L2 A0 2% wHIAE e
623~742°C (BT 683°C)oln FEA 9 e »d
LT 657~811°C (H 724°C)olch. BAAQ 3¢
9] subsolidus temperature®} ¥t Kim ef al.
(1992)¢] ELAXALEA A Ay B4R
2} B2AMs7oke] B 259l 550~660°CHETE tha &
th. Lee (1994)% vlat, A, FakA ) 37t eto ol st
o] Tuttle, Bowen (1958)2] A@A#E A &3l oA
o FFUEL 1kbar, 730+10°C jlA AF=HAR
BAA S | BAsAeke) M7)9] A 28L& 1kbar ©
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T3k liquid- rich inclusions (I¥), vapor-rich in-
clusions (IT&), monosolid inclusion (III&), mul-
tisolid inclusions (IV#)2.2 &4t} 18-S vapor
phase < 50%, 113 vapor phase > 50%, II1%-& hal-
ite-bearing inclusions sylvite-bearing inclusions&
7HAR, V8L 27) o449 solid7t T&E F§-Eolr),
[ I3 32 23 TRECILIL IVEL 13} XIHE2
FREAT. 2 1D AR g L ewe} o
X EFZAE Table 49 20}, vpat, 39, A=A
FdFel T EY GFEE THEY F3d 0
2t 845 2ot (Fig. 8). 8B mA|Ado] )3t
€ 1%, IVE Z/EL #4329 dEwrt ues)

b +£05°Celx, 955 &3 HO0-NaClolA freezing Eh oJE TREL AT A BA)9 Lxgt
point 53 0.2 AME AT (Potter ef al., 1978). AR stagelA € vhant fA9] E4L wesln

FAZREE A W} 13 ERET 24 £EE Ak 29 199 18 F4Ee YEoz 244
Table 4. Fluid inclusion data for quartz from the Masan (M), Changwon (C) and Jinhae (J) granites.

. L. o Salinity o

Sample No. Type Size(um) Origin Tm(°C) (Wt%. equiv. NaCl) Th(°C)

C-1-2b I 5.0 N -19 11.6 178

C-1-4 1 10.0 S -11.2 15.2 214

C-1-6b I 7.5 S -3.4 55 227

C-1-1a v 6.5 P -21.0 23.32 149 (h;467)

C-1-1b I 15.0 P -21.0 2332 142.7 (h;492)

C-1-2a v 10.0 P -37.0 34.6 122 (h;401)

C-1-3a v 55 P 27,0 272 145 (h;450)

C-1-6a I 55 P -32.0 31.1 115 (h:504)

C-4-5 I 75 S -1.7 29 251

C-4-2a I 7.0 S -3.0 49 274

C-4-3b I 9.5 N -2.0 34 350

C-4-6 II 75 S -1.6 2.7 362

C-4-1 m 10.0 P -1.0 105 191 (h;318)

C-4-3a I 10.0 P -27.0 272 2315 (h;451)

C4-8 11 75 P -9.0 12.9 155 (s;239)

C-54 I 15.0 S -1.8 3.1 288

C-5-7c I 12.0 S -59 9.1 224

C-5-2 I 7.5 S -1.5 2.6 202

C-5-1 I 15.0 P -28.0 279 168 (h;388)

C-5-3 v 125 P -22.0 24.6 190 (h;298, s;480)

C-5-Tb m 75 P -28.0 279 152 (s;213)

C-7-1a I 6.0 S -4.0 6.4 246

C-7-1c I 5.0 S 2.5 42 232

C-73a I 5.0 N -3.0 49 370

C-7-2 I 10.0 P -34.0 320 282 (h;> 525)

C-7-4b II 6.0 P -17.0 20.3 200 (s;300)

C-7-6a I 10.5 P -28.0 279 178 (h;457)

C-7-7c I 5.0 P -26.0 26.8 192 (h;339)

C-8-1b I 7.5 S -0.5 0.9 286

C-8-3 I 12.5 S -0.8 14 207

C-8-4 I 10.0 S -3.0 49 272

C-8-1a II 5.0 S -0.5 0.9 320

C-8-5 m 10.0 P -32.0 31.1 174 (h;428)
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Table 4. Continued.

Sample No. Type Size(um) Origin Tm(°C) (W% S;:::::}y NaCl) Th(°C)
C-9-2a I 8.0 S 2.0 34 174

C9-3 I 15.0 S -0.1 0.2 182

C-9-4 I 125 S -0.5 0.9 209

C-9-1a Il 10.0 S -1.0 1.7 300

C-9-2c Il 10.0 S -1.8 31 302

C-9-5a v 75 P 29.0 285 167 (h;440.5)
C-9-5b I 9.0 P 270 272 161 (h;437.9)
M-1-1b I 5.5 S -8.0 11.7 319

M-1-2b I 10.5 S 9.0 129 373

M-1-1a I 5.5 S 7.0 10.5 423

M-1-2a I 10.0 S 9.1 13.0 364

M-1-3a m 10.0 P -29.0 285 254 (h;450)
M-1-4 I 12.5 P -33.0 31.8 287 (h;440)
M-2-4c I 9.0 S 9.1 13.0 356

M-2-7 I 15.0 S -8.0 11.7 315

M-2-6 11 7.5 S -22.0 246 3395
M-2-2b I 125 P -21.0 23.32 151 (s;373)
M-2-4a I 16.0 P -26.0 26.8 307 (h;435.1)
M-2-5b 1 11.0 P -20.0 220 190 (h;323)
M-2-1 I 9.0 P -26.0 26.8 153 (h;358)
M-3-1a I 75 S 94 133 242

M-3-1b II 6.5 S -18.0 209 480

M-3-3 v 10.0 P -33.0 31.8 205 (h;439, s;471)
M-3-4 1M 10.0 P -31.0 30.2 235 (h;487)
M-3-5a I 12.5 P -30.0 294 159 (h;464)
M-3-5b I 5.5 P -31.0 30.2 160 (h;406)
M-4-1a I 9.5 S -1.5 2.6 255

M-4-1b I 9.0 S -1.5 26 297

M-4-2b I 4.0 S 3.0 49 216

M-4-3 I 10.0 S -1.0 1.7 316

M-4-2a I 5.5 P -23.0 246 205 (S;232)
M-4-4 III 10.0 P -8.0 117 335 (S;510)
M-4-5a 1 10.0 P -25.0 26.1 218 (h;312)
M-4-5b 1 6.0 P 270 272 195 (h;340)
M-4-5¢ I 6.5 P -28.0 279 204 (h;305)
M-5-1a v 125 P -320 311 305 (h;541)
M-5-1b 1 10.0 P -33.0 318 281 (h:525)
M-5-2 1 10.5 P -35.0 328 319 (h;525)
M-5-3 v 75 P 250 26.1 291 (h; > 500)
M-5-5a Il 5.0 P -320 311 182 (h;520.8)
M-5-5b I 10.0 P -34.0 320 164 (h;460)
M-5-5¢ I 55 P -30.0 294 165 (h;410)
M-6-2a I 27 P -32.0 311 227 (h;337)
M-6-3 I 4.0 S -29.0 285 226 (h;333)
J-2-1-1b I 9.0 S 0.3 0.5 279

J-2-1-2¢ I 125 S 2.0 34 272

J-2-1-3 I 10.0 S -4.5 72 275

J-2-1-1a Il 10.0 S -0.7 12 385

J-2-1-2a II 10.5 S 22 3.7 271

J-2-1-2b 1 8.0 S 2.0 34 354

J-2-2-1b I 16.0 S -1.5 2.6 280

J-2-2-2b I 6.5 S 29 4.8 251

J-2-2-2¢ I 10.5 S 21 36 235

J-2-2-1a Il 7.0 S -4.0 6.4 390

J-2-2-2a I 12.5 S 5.4 8.4 420

P; primary inclusion, S; secondary inclusion, h; halite, s; sylvite.
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gram for the liquid-rich, vapor-rich and solid bearing in-
clusions.
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Fig. 9. Temperature of homogenination vs. salinity for liquid-rich, vapor-rich and solid bearing inclusions. A; Whole area, B;
Changwon, C; Masan, D; Jinhae. The dashed line is the solubilty curve of NaCl.

Table 5. Gas compositions of granitic rocks from the
Changwon and Masan areas (X 10° ml/em?).

Sample C1 C-4 C-5 C-8 M-1
H, 6.51 5.62 9.10 5.77 6.88
0, 152.53 8164 8924 4224 - 922
N, 766.53 43654 45263 181.05  205.02
Cco 0.00 0.10 0.00 0.00 0.00
CH, 0.18 0.09 0.05 0.18 0.09
CO; 2.65 0.00 235 0.38 0.59

CHs/CO, 0.07 0.09 0.02 0.47 0.15
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Table 6. Comparison between the Bulguksa granite and the Masanite.

Bulguksa granite

Masanite

Common rock type

Characteristic mineral
and texture

Age

Temperature and depth
of emplacement

(¢7St/Sr), (“°Nd/“Nd),

Granodiorite, adamelite, hornblende granite,
homblende-biotite granite, porphyritic
granite, biotite adamelite, alkali granite,
tonalite, hornblende granodiorite, granite

microperthite

Cretaceous~early Tertiary

616~700°C, <3.0kbar (10km); Cho (1992),
Cho, Kwon (1994).

680~770°C, 2.0~4.2kbar; Lee et al. (1994),
550~660°C; Kim et al. (1992)

0.704~0.706, 0.5122~0.5125;
Kim et al. (1996).
0.704~0.707; Jin (1980, 1988)

Quartz monzonite (Koto, 1909), granodiorite,
adamelite, tonalite quartz diorite, perthite
granite, hornblende granite, biotite granite,
granite porphyry, alkali-feldspar granite;
Kim and Kim (1963), Park (1980), Lee
(1969, 1991), Jin (1985a, 1985b), Hong
(1987), Tsusue et al. (1986),

micrographic texture, miarolitic cavity

Cretaceous-early Tertiary

1.7~1.8kbar; Lee (1991)
683~724°C,
1.2~1.4kbar; this study

0.704~0.707; Jin (1980, 1981)

Origin of magma

mantle dominant or mantle source related
to subduction

mantle source related to subduction
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