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Petrological Study of Cretaceous Granitic Rocks in the
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Compositional Change of Granitic Rocks by Magma Mingling
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Abstract: Cretaceous granitic rocks in the Waryongsan area occur as a stock and show compositional
changes with altitude. They include mafic microgranular enclaves (MME) with various sizes and types.
The MMEs present clear evidence of magma mingling such as supercooling zone, mantling texture and
back veining. The granitic rocks are divided into porphyritic granite, porphyritic granodiorite and fined-
grained granite by their petrographic characteristics and modal compositions. The MMEs are discriminated
to quartzdioritie, quartzmonzodiorite and tonalite. They have varying areal proportions in each granitic
rock-type: 10~15% in the porphyritic granite, about 50% in the porphyritic granodiorite, and about 20%
in the fined-grained granite. SiO, contents shows compositional change of 61.2~72.0wt.%. Mean SiO,
contents have 61.7wt.% in the porphyritic granodiorite, 68.6wt.% in the porphyritic granite, and 71.9wt.%
in the fined-grained granite, respectively. Major oxide contents of the granitic rocks linearly vary with SiO,
contents from the porphyiritic granodiorite to the fine-grained granite on Harker diagrams. Linear
compositional variations seem to have been caused by differential degrees of mingling between mafic
magma and host granite. Where larger amount of mafic magma was injected into the host granitic magma,
the two magmas reached to thermal equilibrium more quickly and eventually chemical mixing occurred to

*Corresponding author: Tel. 82-51-751-6004, E-mail. jwayj@gsnu.ac.kr



ZSEA AR SHEAY dullel] Eashs we] BPIR

]

-
Al

R

s A 13

produce the composition of the porphyritic granodiorite. On the other hand, less amount of injected mafic
magma would have been responsible for mechanical mixing to produce the compositions of the porphyritic
granite and the fined-grained granite. Therefore, it is considered that the granitic rocks in the Waryongsan
area experienced magmas mingling resulting from the injection of more mafic magma into differentiating
granitic magma, and that the compositional changes of the granitic rocks were ascribed to the degree of

mingling between the two magmas.

Key words: granite, magma mixing and mingling, MME, compositional variation
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Table 1. Modal compositions of granitic rocks and MMEs in the Waryongsan area.

Rock type pg ped
Sample BCO1 BCO6 CYI6 SD04 SDOS  YJO2 YJo3 YJO5 YJO8 Y09  CYOL
Quartz 28.0 232 234 36.6 298 29.6 21.0 249 257 240 22.1
Plagioclase 340 40.1 37.1 321 227 40.7 439 40.7 397 432 475
K-feldpar 278 251 300 229 39.1 204 296 247 273 253 10.8
Biotite 6.9 54 54 32 03 0.6 04 L5 34 1.5 13.9
Amphibole 0.3 0.2 2.6 0.8 0.1 0.9 0.3 33 1.9 1.0 2.6
Cholrite 1.7 39 0.8 35 6.0 5.6 33 37 1.2 40 2.7
Opaque 1.3 2.1 0.7 0.9 20 22 1.5 1.2 0.8 1.0 04
Rock type ped fg MME
Sample No. YJO7  CY0S CY07 BCO8 BClt  BC12 CY03 CY07 CY17  YJI0O CY04
Quartz 242 37.6 36.1 155 11.1 243 293 252 10.8 24.7 11.3
Plagioclase 55.9 333 27.1 67.3 50.8 58.7 55.8 58.1 63.2 55.6 53.5
K-feldpar 9.2 245 317 1.1 7.7 50 29 1.5 23 34 12.4
Biotite 0.2 33 1.2 22 113 3.1 0.5 0.4 1.3 42 0.8
Amphibole 0.2 04 0.1 9.1 12 0.9 0.2 0.4 30 33 17.1
Cholrite 8.5 0.7 21 37 12.9 59 9.9 123 174 6.5 3.0
Opaque 1.8 0.2 1.7 1.1 50 2.1 1.4 21 2.0 2.3 1.9

Abbreviation: pg, porphyritic granite; pgd, porphyritic granodiorite; fg, fine-grained granite; MME, mafic microgranular enclave.
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Fig. 1. Geological map of the Waryongsan area and a cross section. 1. Chilgok Formation; 2. Shilla Conglomerate; 3.
Haman Formation; 4. Jindong Formation; 5. andesitic rocks; 6. porphyritic granite; 7. porphyritic granodiorite; 8. fine-

grained granite.
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Fig. 2. Medal compositions{quartz-alkalifeldspar-plagio-
clase} of granitic rocks and MMEs in the the Waryong-
san area., Granitic rocks are monzogranite and
granodiorite. MMESs are quartzdiorite, quartzmonzodior-
ite and tonalite (pg (@), porphyritic granite; pgd (M),
porphyritic granodiorite; fg (@), fine-grained granite;
MME (A), mafic micrograular enclave).
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Fig. 3. Photographs of granitic rocks and MMEs in the Waryongsan area. (a) mantling texture in the porphyritic gran-
ite; (b) distribution of MMEs in the porphyritic granite; (c) distribution of MMEs in the porphyritic granodiorite; (d)
back veinnig structure in the porphyritic granodiorite; (e) blade type amphibole in MME; (f) MMEs in the fine-grained
granite; (d) xenocryst in the MME (mme, mafic mcircrogranular enclave; pg, porphyritic granite; pgd, porphyritic gra-

nodiorite; fg, fine-grained granite).
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Fig. 4. Photographs of andesitic rocks and granitic rocks in the Waryongsan area. (a) andesitic lava in the Waryongsan
area; (b) andesitic tuff in the Waryongsan area; (C) boundary between andesitic lava and porphyritic granite; (d) MME
in the porphyritic granite margin; (e) porphyritic texture in the porphyritic granite margin; (f) porphyritic texture in
the porphyritic granite magin (an, andesite; pg, porphyritic granite; mme, mafic microgranular enclave; pl, plagioclase;

gtz, quartz).
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Table 2. Major oxide contents and normative mineral contents of granitic rocks and MMEs in the Waryongsan area.

Rock type pg ped fg
Sz;lngp le BCol BC02 SDOT SD-4 SD0O6 SDO7 SD-08 SD-09 SA04 CYO1 CY02 CYO05
Sio, 68.87 6894 6805 6754 7195 6675 7058 67.80 6726 62.10 6121  71.88
TiO, 042 0.43 0.44 0.50 033 0.55 0.38 0.49 0.56 0.63 0.67 0.38
ALO, 1553 1531 1540 1574 1444 1594 1441 15.31 1536 1792 1738 1375
FeOt* 341 340 3.20 3.76 2.08 3.18 224 3.19 3.20 4.37 4.66 2.45
MnO 0.09 0.09 0.09 0.10 0.05 0.08 0.05 0.11 0.10 0.18 0.14 0.08
MgO 0.99 1.01 1.13 1.18 0.63 1.11 0.76 1.05 1.02 1.56 1.65 0.84
CaO 2.36 2.36 2.58 2.54 1.62 297 1.72 1.98 2.55 4.64 4.75 1.57
Na,0 422 415 408 4.16 4.10 4.5 3.96 4.31 4.33 4.50 4.33 3.33
K,0 357 3.51 3.46 3.35 4.45 3.36 4.45 353 3.64 2.17 228 4.49
P,0; 0.14 0.14 0.14 0.17 0.09 0.17 0.10 0.15 0.15 0.23 0.25 0.11
Total 9960 9934 9856 9903 9972 9884 9865 9791 9816 9831 9730 9887
Q 2199 2275 2214 2113 2545 1692 2468 2189 1961 1286 1234 2951
Or 2120 2090 2076  20.01 2639 2010 2668 2132 2193 1306 1386 2686
Ab 3581 3531 3498 3550 3474 4061 3393 3720 3728  38.69 376 28.46
An 1094 1097 1216  11.72 7.53 1235 8.06 9.14 1190 2206 2179 7.23
C 0.72 0.68 0.54 1.01 0.11 0.15 1.13 0.21 0.79
Di 131 0.08 0.79
Hy 8.23 827 8.25 9.29 495 7.27 5.55 8.04 7.78 1140  11.75 6.18
IFT)  0.80 0.82 0.85 0.96 0.63 1.06 0.73 0.95 1.08 1.22 1.31 0.73
Ap(CP) 031 0.31 0.31 0.37 0.20 0.38 0.22 0.33 0.33 0.51 0.56 0.24

*FeOt: total iron oxide as FeO

Abbreviations: pg, porphyritic granite; pgd, porphyritic granodiorite; fg, fine-grained granite; Q, quartz; Or, orthoclase; Ab, albite;
An, anorthite; C, corundum; Di, diopside; Hy, hypersthene; II, ilmenite; Ap, apatite.
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2 G334 (lobate) 725 THETHChapman and Rhodes,
1992; Wiebe and Collins, 1998).
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Fig. 5. Major oxide content vs. SiO, content in the Waryongsan granitic rocks.
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Fig. 6. (Above) Illustration showing development of sheet-like mafic bodies in granite by injection of mafic magma into
felsic magma chamber (I>II—III—=IV). (Below) A cross section of the Waryongsan granitic body and distribution of
MMEs. 1, andesitic rocks; 2. porphyritic granitie; 3. porphyritic granodiorite; 4, fine-grained granite; (a), 10~15% dis-
tribution of MMEs in porphyritic granite; (b), about 50% distribution of MMEs in porphyritic granodiorite; (c), about
20% distribution of MMEs in fine-grained granite (pg, porphyritic granite; pgd, porphyritic granodiorite; fg, fine-
grained granite; mme, mafic microgranular enclave).
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