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ABSTRACT

Petrochemical Studies on the Igneous Rocks at Mt.

Mudeung in the Gwangju, Korea

Kang Dae Ryun
Advisor : Prof. Shin In Hyun
Department of Earth Science

Graduate School of Chosun University

Petrochemical studies on the Igneous rocks at Mt. Mudeung area, the
south-west of the Yeongdong-Gwangju depression, are performed to investigate
the petrogenesis of the igneous rocks, differentiation processes and igneous
activities of the granitic magma, and the geotectonic environments related to
plate motions. X-ray fluorescence analyses for major, trace and rare earth
element contents, and mass spectroscopy for Rb-Sr age dating and ®sr/*sr
initial ratio were adopted in the study. The lithology of the study area consists
of Pre—cambrian granite gneiss, Triassic hornblende-biotite granodiorite, Jurassic
quartz diorite and Cretaceous igneous rocks. The Cretaceous igneous rocks
consist of volcanic rocks (Hwasun andesite, Mudeungsan dacite and Dogok
rhyolite) and granitic rocks (micrograpic granite and quartz porphyry).

Major elements of the Cretaceous igneous rocks represent calc-alkaline rocks
serious and correspond to a serious of differentiated products from cogenetic
magma. Igneous activity of Mt. Mudeung area started from volcanic activity,
and continued to intrusive activity at end of the Cretaceous. In chondrite
normalized REE pattern, most of Igneous rocks of Mt. Mudeung area show
similar pattern of Eu(-) anomaly. This is a characteristic feature of granite in

continental margin where tectonic movement occurred. Variation diagrams of

- vil —
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total REE vs. La/Yb and V vs. si0, indicate differentiation and magnetite

fractionation sequential trend of Hwasun andesite—~Mudeung-san dacite—Quartz
porphyry—Micrographic granite.

Igneous rocks in Mt. Mudeung area was the magma formed within the
mantle differentiated from I-type and syn-COLG type. and it was
progressively differentiate from crystallyzation of magma.

The dacite eruption in the late Creataceous(80.6+1.4 Ma, by Rb/Sr whole rock
age dating, Sr initial ratio = 0.709280+0.000010), and the micrographic granite
intruded into a shallow depth of the crust in the late Cretaceous(76.8+3.6 Ma,
by Rb/Sr whole rock age dating, Sr initial ratio = 0.71067£0.00023) in a volcanic
arc. The Igneous rocks in the Mt. Mudeung area is distributed in the shape of
a cauldron. The cauldron was formed in by the collapse of the volcanic vent as
a result of an andesitic volcanic activity, followed by the extrusion of a large
amount of rhyolitic ash. This was followed by the ring-fracture volcanism of
renewed magma. Finally, a central pluton intruded and emplaced the resurgent

cauldron.
Key words: Yeongdong-Gwangju depression, Mt. Mudeung area, differentiation,

Kula plate, Cauldron, Rb-Sr Whole rock age, Sr initial ratio, Micrographic

granite,

— Vil —
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Table 1—1. The sample of analyzing on the Igneous Rocks of Mt. Mudeung

area.

Samples El}/e[ii(e)flt E};igit Rb-Sr Age

1 Kmgr-1 @) @) @)
2 Kmgr-2 O O
3 Kmgr-3 O O O
4 Kmgr—-4 @) @) @)
5 Kmgr-5 O O O
6 Kmgr-6 O O
7 Kmgr-7 O O O
8 Kmgr-8 O O O
9 Qp-1 O O

10 Qp-2 O O

11 Da-1 @) @) @)
12 Da-2 O O
13 Da-3 O @)
14 Da-4 @) @) @)
15 Da-5 O @) @)
16 Da-6 O O O
17 An-1 @) @)

18 An-2 O O

19 An-3 @)

— 4 —

Collection @ chosun



Table 1-2. The sampling site on the Igneous Rocks of Mt. Mudeung area.

1?1?2125’ Name of the rock Location(GPS)
1 Kmgr-1 Micrographic Granite 326m, N35°05.677" E126°59.909"
2 Kmgr-2 Micrographic Granite 353m, N35°05.924" E127°00.143"
3 Kmgr-3 Micrographic Granite 309m, N35°09.499" E127°01.200°
4 Kmgr-4 Micrographic Granite 243m, N35°09.814" E127°01.814"
5 Kmgr-5 Micrographic Granite 333m, N35°08.942" E126°59.303"
6 Kmgr-6 Micrographic Granite 334m, N35°08.801" E126°59.355"
7 Kmgr-7 Micrographic Granite 386m, N35°08.588" E126°59.494"
8 Kmgr-8 Micrographic Granite 459m, N35°08.346" E126°59.584"
9 Qp-1 Quartz Porphyry 466m, N35°08.450" E126°58.811°
10 Qp-2 Quartz Porphyry 463m, N35°08.361" E126°58.724"
11 Da-1 Dacite 314m, N35°09.462° E126°58.578"
12 Da-2 Dacite 410m, N35°09.380" E126°58.832"
13 Da-3 Dacite 761m, N35°07.927" E126°59.081"
14 Da-4 Dacite 832m, N35°07.751" E126°59.238"
15 Da-5 Dacite 855m, N35°07.433" E126°59.717"
16 Da-6 Dacite 1030m, N35°07.286" E127°00.061"
17 An-1 Andesite 255m, N35°09.465" E126°56.807"
18 An-2 Andesite 292m, N35°07.612" E126°58.299"
19 An-3 Andesite 552m, N35°07.431" E126°58.979
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Fig. 2-1. Geological and rock sampling site map of Mt. Mudeung area.

1; Pre—cambrian granite gneiss, 2; Gwang—ju granites,
3; Micrographic granite, 4; Andesite or Dacite, 5; Quartz porphyry,
6; Rhyolite, 7; Diorite, 8; Sandstone or Mudstone, 9; Alluvium.
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Table 2-1. Geological sequence of Mt. Mudeung area.

Quat. Alluvium
- ~ ~Unconformity ~ ~
Dikes

——— Intrusion ———
Micrographics granite

——— Intrusion ———
Quartz porphyry

—-—— Intrusion ---
Cret. Mudeungsan dacite

—-—— Intrusion ---
Dogok rhyolite
Changdong Formation

Hwasun andesite

Manweol-san tuff

Oreri Formation

~ ~Unconformity ~ ~
Jura. Bl Quartz diorite
- —-—— Intrusion ---
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Fig. 2-3. Vertical joint of the Dogok Fig. 2-4. A rhyolite cave near the

majibbong.

rhyolite at the Seoinbong.
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(a) (b)

(d) (e)

Fig. 2-5. Photo of outcorp and micro photograph of Dacite at Mt. Mudeung

area.

(a), (b), (c) Outcorp Dacite, (d) Microphotographic of Dacite (open
nicol, x50), (e) Microphotographic of Dacite (cross nicol, x50).
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Fig. 2-8. Flow structure of lamination

Fig. 2-7. Fiamme in lamination of the

Mudeungsan guartz andesite.
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(a)

(d)

Fig. 2-9. Photo of outcorp and micro photograph of Micrographic granite, at the

(c)

Wonhyo temple.

(a) Outcorp of Micrographic granite near Wonhyo temple.

(b) Outcorp of Micrographic granite(hammer).

(c) Microphotographic texture in Micrographic granite (open nicol,x50).

(d) Microphotographic texture in Micrographic granite (cross nicol,x50).
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(c) (d)
Fig. 2-10. Photo of outcorp and micro photograph of Micrographic granite, at
the Cheonggokri.
(a) Outcorp of Micrographic granite near Cheonggokri.
(b) Outcorp of Micrographic granite.
(c) Microphotographic texture in Micrographic granite (open nicol,x50).

(d) Microphotographic texture in Micrographic granite (cross nicol,x50).
wol/|wr FA% wE2 sl sade] FEol Uojwam, vivhAuel wopgld

et al, 2013) o2 3tell &7 nEdstd s AUt it 7k d=l
5 5l
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(c) (d)
Fig. 2-11. Photo of outcorp and micro photograph of Micrographic granite, at

the Soomanri(coin).
(a) Outcorp of Micrographic granite near Soomanri.

(b) Zoning and albite twins of plagioclase in Micrographic granite

(cross nicol, x50).

(c) Microphotographic texture in Micrographic granite

(open nicol, x50).

(d) Microphotographic texture in Micrographic granite

(cross nicol, x50).
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Fig. 2-12. Gnamma of micrographic granite at the Eusangbong (Peak).

=

FIRAE £A9 A deE me eEUs sl gk ogBa £

dxE Z7|17F g E27 2Edth(Fig. 2-13). &I EGEE 400m)ol= =o

3.7m, % 13m, Zo] 214m rE 2] A=o] W=t o= oA v-% 37
FE ] shet E=olth(Fig. 2-14).

_

rot

Fig. 2-13. A granite tor at the

Fig. 2-14. A granite cave at the

Tugubong (Peak). Yunpilbong (Peak).
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Fig. 3-1. Location of the samples that were used in the chemical analysis of
the Mt. Mudeung area.
>, sampling sites, An; Andesite, Da; Dacite, Qp; Quartz porphyry,
Kmgr; Micrographic granite.
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Table 3-1. Chemical compositions of major elements(wt. %) of the Igneous

rocks from the Mt. Mudeung area.

Kmgr-1 Kmgr-3 Kmgr-4 Kmgr-5 Kmgr-7 Kmgr-8

510, 65.86 74.45 73.70 73.24 72.41 72.35
Al 04 14.62 13.19 13.13 12.97 13.01 13.21
Fe,O4 4.74 1.79 1.82 1.99 2.24 2.31
MnO 0.17 0.11 0.12 0.12 0.12 0.12
MgO 1.84 0.36 0.35 0.47 0.47 0.48

Ca0 3.33 0.24 0.23 0.95 0.98 0.99
Na,O 2.89 3.12 3.25 3.11 3.62 3.79

K,0 3.63 4.99 4.80 471 3.98 3.83
TiO, 0.79 0.64 0.57 0.50 0.63 0.60
P,0; 0.07 0.01 0.02 0.02 0.02 0.02
L.OI 0.87 0.87 0.69 0.82 0.69 0.82
Total 98.79 99.77 98.67 98.90 98.18 98.50

L.OI : Loss-On-Ignition
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Table 3-1. Continued.

Qp-1 Qp-2 Da-1 Da-2 Da-3 Da-4
Si0, 67.45 63.01 66.31 65.21 64.15 60.78
Al,O4 15.28 15.21 15.78 16.97 17.61 18.88
Fe,O, 3.53 3.31 4.25 4.25 4.37 5.09
MnO 0.16 0.15 0.13 0.15 0.16 0.19
MgO 0.88 0.84 1.06 1.10 1.15 1.66
Ca0 212 2.44 3.02 3.52 3.72 5.14
Na,O 3.47 3.30 3.93 3.24 3.92 3.91
K,O 4.27 412 3.76 3.53 3.27 2.45
TiO, 0.76 0.73 0.86 0.92 0.91 0.73
P,0; 0.09 0.08 0.10 0.07 0.08 0.10
L.OI 1.56 1.77 0.32 1.02 1.01 0.82
Total 99.55 99.96 99.18 99.98 99.96 99.74
Da-6 An-1 An-2
Si0, 61.63 54.03 55.08
Al,O, 18.24 18.01 17.27
Fe,O, 5.19 7.33 7.14
MnO 0.19 0.19 0.19
MgO 1.60 3.70 3.83
Ca0 4.85 7.23 7.09
Na,O 3.76 2.78 2.79
K,0 2.66 2.86 2.82
TiO, 0.92 0.99 0.91
P,0, 0.09 0.22 0.22
L.OI 0.72 2.58 2.61
Total 99.85 99.92 99.95
— 95 —
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Fig. 3-2. Harker diagram of major elements(wt.%) for igneous rocks in the Mt

Mudeung area. Symbols are same as those of Fig. 3-1.
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Fig. 3-3. The relations hips between SiO,(wt.%) and (a) Na,0 + K,0,

(b) alkali and in the

igneous rocks from the Mt. Mudeung area.
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Fe,O4

1 : Skaergaard Layered
2 @ Tholeiitic Trend
3 : Calc—alkaline Trend

Na,0 +K,0 MgO

Fig. 3-5. Triangular diagram of AFM ( Na,0+ K,0-Fe,0,-MgO) in the

igneous rocks from the Mt. Mudeung area.(after Brown et al., 1984)
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n R dAhe Ak 3 ool WA Aolo oA FAHAE dAE Feke
AAAA ol 917, £33 3 &0 FFHEr vhavke] xsket DA AA L
AT (Mason and Moore, 1982). F54F Aol Fxsk= g hwel digh ndda
o] &4 ] Table 3-13% #Zom 29 3749, Jin (1983)e &gk kel wof

o

1

= ol
F9F Taylorell 9 AAAGe] dAFSF, SHikdat sh7keho] msFAd i
&= gk (Taylor, 1964)¥2] H]ul+=

r:\\g
v
1o,

Table 3-29} 2t}

Si0, &l wWE mFdie] Wst=(Fig. 3-6)ol4 H™ Si0,&Feo] F7Hgl
mel FHERb) I AIYR(ZnS S7kste AEs Holu vy (V), i%‘E(CO),
ZdHL) ¥ 2EEZFOnS #Z4sta vrEBa), 72(Cw), oA (Zn), o lEZ =
200 %(Se) 5 ABBAE Holx FE EFHAHd BE T %ED}
o} Sro] #TA= Sro] F7hEel wel Rbe #rAsk=d (Fig. 3-7), o3l +
A2olA Caxt Ko @A FAsHH, Rby} K, Sr3t Caol A= 2 g2 5 9}
S Yega gk Sr Ca09 #A %= (Fig. 3-8)ol A1 CaO7} Z7}3to] wiz}
F7tst=dl, ol Condie(1969)e] o3 i 9 S4dwe] AT A4 E
SRR Holi= dRkAQl A A A g

O ¢ Rb, K,0¢ Sr, K,0¢ Ba®l A %=(Fig. 3-9)°14 Rb 3 Ba’l 571l

=} O
TS B

_Et

[e]

K,0
Wl K,07F F7behe A(ne] AneAE HelFE Ao Hol Rb % Bag Ko
Axsh F AH B L & A K09 Srel #AE Srol F7HFl wet K,0
7} ARFE wol T}
2 mgE U925 NS AAd g % BE He] fd 53
gevt 2o
_ oy
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Table 3-2. Contents of the trace elements in the igneous rocks

in the Mt. Mudeung area.

Kmgr-1 Kmgr-2 Kmgr-3 Kmgr-4 Kmgr-5 Kmgr-6

(ppm)
Sr 302.70 340.60 95.80 94.40 177.30 176.00
Ba 767.00 808.60 770.30 807.60 841.50 856.10
Li 7.50 3.03 23.80 20.05 7.64 7.42
Sc 12.89 12.30 1.11 3.38 2.70 3.62
\% 73.59 77.04 11.79 11.17 10.22 8.60
Cr 87.16 78.56 82.01 63.57 63.29 87.09
Co 11.21 11.16 1.98 1.71 2.23 2.35
Ni 26.34 23.65 21.33 15.99 15.29 22.54
Cu 18.63 14.92 6.19 3.95 4.88 4.97
/n 136.2 109.30 184.50 111.20 109.10 172.50
Rb 97.70 98.30 290.60 309.30 211.40 295.80
Y 24.46 23.04 21.60 22.72 21.53 24.78
/r 72.35 53.61 105.93 89.65 93.77 94.05
Mo 5.10 3.15 2.69 2.10 2.20 2.20
Cd 0.00 0.00 0.00 0.00 0.00 0.00
Cs 1.72 1.80 1.27 1.24 0.71 0.71
La 29.04 30.73 37.87 42.04 43.83 47.50
Ce 94.09 61.65 169.41 161.74 153.59 163.76
Pr 6.73 6.87 7.80 8.31 8.49 9.21
Nd 24.99 25.72 26.32 27.76 28.40 31.08
Sm 4.86 4.87 4.56 4.64 475 5.19
Eu 0.70 0.78 0.39 0.40 0.41 0.44
Gd 3.63 3.78 2.57 2.69 2.76 3.14
Th 0.59 0.57 0.51 0.52 0.52 0.59
Dy 3.68 3.53 3.33 3.29 3.12 3.54
Ho 0.71 0.69 0.67 0.65 0.62 0.70
Er 2.02 1.99 2.01 2.02 1.87 2.07
Tm 0.29 0.28 0.31 0.31 0.29 0.31
Yb 1.90 1.79 2.15 2.13 1.98 2.13
Lu 0.27 0.26 0.32 0.32 0.30 0.31
Pb 10.91 10.86 12.67 11.37 12.37 12.10
Th 10.76 10.45 17.51 18.00 16.48 17.88
U 1.50 3.45 2.25 2.28 2.29 2.34
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Table 3-2. Continued.

Kmgr-7 Kmgr-8 Qp-1 Qp-2 Da-1 Da-2
(ppm)
Sr 148.50 144.30 369.40 346.80 370.90 361.90
Ba 967.80 951.90 1350.00 1107.20 767.60 306.40
Li 7.28 7.40 17.98 18.26 14.92 13.86
Sc 3.59 3.72 6.38 2.73 .77 7.84
\Y% 14.19 15.23 36.88 35.66 64.85 61.19
Cr 40.53 58.61 76.34 72.50 140.87 177.81
Co 3.78 2.70 5.01 5.02 7.83 6.97
Ni 9.22 16.50 22.13 20.18 36.51 38.05
Cu 7.88 4.42 9.24 8.15 11.34 11.65
/n 23.60 115.90 151.20 134.50 192.20 176.80
Rb 139.10 137.00 147.60 91.00 105.50 104.70
Y 20.50 19.26 19.80 12.11 21.10 19.38
Zr 35.53 64.60 65.79 62.77 82.80 104.76
Mo 1.42 2.18 2.63 241 6.67 7.17
Cd 0.00 0.00 0.00 0.00 0.00 0.00
Cs 0.57 0.57 1.37 1.13 1.87 1.72
La 43.56 41.34 51.06 36.75 36.98 35.54
Ce 145.66 77.16 174.53 73.30 72.04 68.57
Pr 8.27 7.87 9.99 7.66 7.76 7.31
Nd 28.05 26.67 34.44 27.21 28.07 25.66
Sm 4.55 4.39 5.57 4.42 4.88 4.41
Eu 0.48 0.48 0.82 0.67 0.88 0.85
Gd 2.74 3.02 3.26 2.94 3.65 3.22
Th 0.49 0.47 0.55 0.43 0.54 0.49
Dy 3.02 2.93 3.25 2.56 3.29 3.00
Ho 0.58 0.57 0.61 0.47 0.64 0.60
Er 1.76 1.70 1.73 1.32 1.87 1.75
Tm 0.26 0.25 0.24 0.18 0.26 0.26
Yb 1.76 1.68 1.56 1.14 1.83 1.72
Lu 0.27 0.25 0.23 0.17 0.27 0.26
Pb 9.40 9.31 13.90 12.84 13.32 13.50
Th 15.29 14.51 12.98 38.52 10.18 10.58
U 1.83 1.75 1.54 1.25 1.81 1.86
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Table 3-2. Continued.

Da-4 Da-5 Da-6 An-1 An-2 An-3
(ppm)
Sr 541.20 565.80 592.80 742.60 674.10 619.90
Ba 776.00 653.40 690.00 667.60 692.60 870.50
Li 20.66 14.55 14.23 37.79 37.47 50.28
Sc 9.91 9.56 9.84 16.91 16.36 19.05
\Y% 69.69 63.14 64.49 150.42 137.07 32.82
Cr 140.76 214.73 138.23 109.16 73.75 99.80
Co 9.13 10.66 9.81 21.64 21.62 23.45
Ni 36.96 58.29 34.00 4891 40.25 42.22
Cu 35.83 18.92 14.13 20.42 28.76 28.43
Zn 104.80 389.60 127.70 270.80 114.70 250.00
Rb 53.10 43.00 51.90 99.70 94.50 75.90
Y 19.93 18.19 18.95 21.10 20.22 22.48
Zr 93.73 78.08 81.05 184.64 175.52 139.33
Mo 4.68 6.01 4.28 2.37 2.20 0.00
Cd 0.00 0.00 0.00 0.00 0.00 0.00
Cs 0.58 0.37 0.44 1.27 1.24 1.79
La 36.03 34.76 37.05 26.13 24.42 31.84
Ce 69.72 68.06 69.56 53.98 50.78 65.65
Pr .57 7.40 7.70 6.37 6.08 7.79
Nd 28.05 27.70 28.52 25.26 24.13 31.47
Sm 4.94 4.78 4.86 4.83 4.64 5.74
Eu 1.13 1.28 1.32 1.15 1.12 1.30
Gd 3.70 3.62 3.62 3.81 3.64 4.38
Th 0.54 0.51 0.54 0.56 0.55 0.64
Dy 3.23 3.06 3.13 3.45 3.36 3.79
Ho 0.63 0.60 0.61 0.68 0.66 0.72
Er 1.74 1.66 1.72 1.96 1.88 2.05
Tm 0.24 0.23 0.24 0.27 0.26 0.28
Yb 1.57 1.55 1.60 1.78 1.73 1.83
Lu 0.24 0.23 0.24 0.26 0.26 0.27
Pb 10.89 15.11 14.04 38.12 6.43 6.57
Th 7.66 6.76 7.17 5.10 4.70 4.00
U 1.31 1.12 1.25 0.90 0.86 0.69
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Table 3-3. The comparison of trace element abundances between the study
area, average for th Earth crust, the three common rocks and the
average of the Cretaceous to early Tertiary granitic rocks in the

southern Korea.(ppm)

elements range* averagex* SKx*x crust granites diorites basalts
Rb 43.0-309.3 13589 124.12 90 110-210 70-100  30-50

Sr 94.4-742.6 370.00 217.04 375 440-100 450 470

Ba 653.4-1350 841.78 58756 425 420-840 650 250

Zr 53.61-184.64 96.00 160.23 165 180 140 150
Nb 11.93 20 20 20 20

Y 12.11-24.78 2062  30.19 33 40 30 25

Cu 3.95-35.83 14.04 1541 55 10 40 100
Zn 23.6-389.6 159.70  63.29 70 40 75 100

Cr 40.53-214.73 100.21 1752 100 4 20 200

Co 1.71-23.45 8.79 6.39 25 1 9 48

Ni 9.22-48.91 29.35 8.55 75 0.5 20 150

\% 8.60-150.42 54.89  54.15 135 20 100 250

Sc 1.11-19.05 8.37 8.29 22 5) 10 38

Li 7.28-50.28 1828 2091 20 38 25 15

* . study area

SK=**x : average of the Cretaceous to early Tertiary granitic rocks in the

southern Korea.

Collection @ chosun



812 -
712 x
X
612 - A
a7 A
512 - O Emgr
. 412 - Oap
r
AATH ADa
312 - ¢
M AN
212
<
112 S ow
12 T T T T T 1
50 55 a0 B85 Fi 75 20
Si0,
1600 -
1400 u
1200
()
1000 - 0 ol{mgr
200 - % DD.F]‘
Ba v, A Al <
600 - ﬂ. ADa
M AN
400 -
200 -
D T T T T T 1
50 55 =1 a5 Fiu 75 20
Si0,

Fig. 3-6. Variation diagrams between SiO, and various trace elements in the

igneous rocks Mt. Mudeung area.

(“)Collection @ chosun



Li

40.1

351 A

301 A

254

201 A

1513 -

101 +

01

xXx

50

55

Sio,

75

S Emgr
Oap
£ Da
X AN

13
16

14

10
Sc 2

¥2 +

50

55

Fig. 3-6. Continued.

“ICollection @ chosun

Sio,

S Emgr
Oap
HDa
X AN



160 -
b 4
140 - b4
120 -
100 O Emgr
80 - Oap
\Y A & <
*An
o i
20
V00
u T T T T T
50 55 50 BS 70 75
S10,
252.5
A
202.5
A
152.5 2 O Kmgr
c £ Oap
r
102.5 X ADa
% ¢ m ¢" X An
52.5 6”
<
2.5 T T T T T
50 55 &0 65 70 75
S10,
Fig. 3-6. Continued.

“ICollection @ chosun



27 -
22 7 xX
17 & Kmer
Oap
Co e
| d
12 A o
A A M An
il ﬂ,‘b'
o
2 T T T T 3¢ T 1
50 55 &0 65 70 75 80
Si0o,
70.4
60.4 A
50.4 X
Ok
404 - x mgr
& AAA Oap
Ni | 394 | wig
<
204 - th < X An
104 &
ﬂ.-q- T T T T T 1
50 55 60 65 70 75 80
Si0o,
Fig. 3-6. Continued.

“ICollection @ chosun



35 A
30 -

| S KEmgr

. X Oa
Cu i~ A & E

o - X An
10 AA

HDa

50 55 60 65 70 75 a0

Sio,

450 A

350

300 -
X S Emgr

Oap
28 | 200 ﬁA < ADa
g A <& % M An

250

50 -

50 55 60 65 70 75 80

Sio,

Fig. 3-6. Continued.

“ICollection @ chosun



350
300 ¢¢.
250 -
200 - L' & Kmer
Rb a Oap
150
¢ ADa
100 4% Lep m] X An
50 AA A
u T T T T T
50 55 60 65 70 75
Si0o,
30 -
25 ¢
o
20 - Xx AA ﬁ.ﬁA’EI 3
S KEmgr
. 157 Oap
o A Da
10 -
X An
5 -
u T T T T T
50 55 60 65 70 75
Si0o,
Fig. 3-6. Continued.

“ICollection @ chosun



200

160
140

120 ~ < Kmgr

Zr i &&' &q: ADa

M AN

& 3 &

50 55 60 g5 70 75 a0

Sio,

Fig. 3-6. Continued.

3501 A

3001 3

25001 4

< S Emgr
Ocp

150.1 PY 0 e

1001 - ¢ & x x AN
501 - .ﬂ.ﬁﬂ.

2001 A

Rb

0.1 T T T ]
50 250 450 &S50 350

Sr

Fig. 3-7. The relationship Between Sr and Rb in the Igneous rocks from the
Mt. Mudeung area.

(“)Collection @ chosun



81 -
71 1 b 4 p 4
B.1 -
51 A A A O KEmgr
41 Oap
Cal &
A Da
3.1 4 g
*An
21 - L O
11 ® ¢
0.1 -] : : : : |
S50 100 150 200 250 300 350

Sr
Fig. 3-8. The relationship Between CaO and Sr in the Igneous rocks from the

Mt. Mudeung area.

(“)Collection @ chosun



1600
1400 n
1200 -
(]
1000 & O KEmgr
Ba B . $¢' I
06 ﬁm 4 Da
*An
400 -
200 -
u T T T T T 1
O 1 2 3 4 5 =]
K,0O
350 -
300 - °¢
250 -
OK
i ¢. mgr
Rb Oap
150 - o0 A
100 - ¢ Lo 5 X An
50 ﬁﬁ. A
ﬂ T T T T T 1
[0} 1 2 3 4 5 B
K,0O

Fig. 3-9. The relationship Between K,O and (a) Ba, (b) Rb, (¢) Sr in the

Igneous rocks from the Mt. Mudeung area.

(“)Collection @ chosun



500 -
Sr
300 -
200 -

100 +

Fig. 3-9. Continued.

“ICollection @ chosun

S Emgr
Oap
HDa
AN



(1) Rubidium (Rb)

ol sAotFe Rb¥E ¥ 43~309.3ppm(H ¥ 135.89ppm) &2 wWelr] 317
ol Fatgholvt AlAIY At Bkt Ao FASHA WERATH(Table 3-2).
Rb tl Si0,o] #A=(Fig. 3-6)°ll 28t Si0,&#o] S7hgtel wel Rbel o]
S7betedl, ol A2 FAGA whavtel A HAESH 2RY 4ot gA A
7kA) &) mpiwpe] R-3h2-gS uEbdln 3 o] A2 3 7Fed wiante] F7) 13}
GA e 29EZY A7 FE88 71038 Aotk (Rahaman et al, 1983).
nARSA A GA] 9 Jepidolitell

BE g = o %Quﬂ s wtavk 71k e] A A= B3h7F g whet
o

(Vlasov, 1966), 1_—794 ﬁVé%‘?ﬂ’ﬂ’ﬂ% ] 7 37 oF -] o Q-] & 4k Qb -k Akt
TO R At

K,0 9 Rbe A#% (Fig. 3-9)°l4 Rb¥} K,0& A+ AHAHAAZ 7HAH,
Rb/Sr¥l&= Wi dsadete] 029~328 W= yolA|glofe] HHRAAJe| gl
Pan-Africa 3}792d o479 3h0.231~266)3 A8t (Van Breeman et al
1977), Agurete]l A9+ 0.26~040, T4k Agetitete] 0.08~0.29, <Hitkete]
0.12~0.14¢] H9 & BAaL, Rbo] F7kstel whel Rb/SrHl%= o] F713kH, Rb
I Sro] Ao A= F(0)9 AHHAE 7o (Fig. 3-7).

2. Strontium (Sr)

Ho sAorFol Sr stk B¥E = 944~742.6ppm (H i+ 370.0ppm) S E A, kAL
o] Wit 6789ppmo.2 7} ®Wol wHH flom, Hgitetel W 4865 ppm
S 2 Taylorgt Bl =tom Agduelo] |yt 3581 ppml = Taylorgkel A<
AFSFS AL, m s ete]l Wt 184.95ppm o ® 7Y wre kS Mot ol Ik
o wiot7] shzpebel WA WoshAekel AAl P AR vrp(Table. 3-3). &

.9 #AE (Fig. 3-6)olAl ®i= ule} o] Ua Australia®l I-type s
dAMAE Si0,9 FFHE G F(H)o FHABAE HAHGriffin et al,
1978). ©ol A& spAerdwntiivtol A AbgA el FHAAS 28-S AAIFH (Dupuy
and Coulon, 1973).

Sr& o] 2WA (112 A)3} sh3ha Aol Ca(0.99 A)3} K(1.33 A)el F3kell 3

02

Collection @ chosun



gtz Ca’'g A ' AP 2e #FEC JEHAY K'E A=
K~ A4 Fo 28 FEo ¥ H i (Mason and Moore, 1982).
oje} o] Sr staFe] XL Ca’" ¥ Sro] & A FH7| wito CarbdAo] T4
St A7 el ARG ET Sr o] E=A YEhve AIFE Z dX 8 (Viasov,
=

A% Carbdal(An)el FHeo] Be QhabetolA Sr g

CaO$t Sro] ¥ :=(Fig. 3-8)°l4 ol&5e°] M= A(+)e 4ddAS dedl= A
< Sro] v YRy Cast €A A8 E7] wZolth. Rby} Sro] @Al oAM=

Sro] F7tetel wel Rb2 ztashel F(-)e] FddAE debdok(Fig. 3-7). uhet
A Koly Ca o]23 X3 7}k JMAALE Fol Ba, Rb, Sr< wlin}p #3171
Aol weh 1 AiA <l & 7F Sr-Ba-Rbe] o & Wolxith

3. Barium (Ba)

Hol slajolFeol Ba 3o E¥ = 653~1350.0ppm (1 841.78ppm)Lo.& 3t
of weopr] sprbebut sHekrel AA " A Taylorgk 600 ppmXEUT B =
(Table. 3-3).

Ba ol Si0,° #AE (Fig. 3-6)° ¢JstH, Si0,d#Fe] S7Hgol wet Bae &
ZFol F7kett7E Si0, ol T5% o]l mEAdst A el s Facte BAEFE
HQlth ol9} 22 Bagl d#He Si0,E 55~75 wt,%EF s tE-Ee] A A
s7tete B3-S HoAFr

1.36A)o] =7] wjZol o] ¢k Hls=dk =719 Kol(1.38A)%& XA
gsl= Aol dojA K,07F 578t Bake S7Mete A+ A#AAAE Zeth
Ba#} K,0 9] Z#%=(Fig. 3-9)°A A+ #AE 7HA+ 7hHS Bad Ko 94
7} & 23y 7] wFo]th(Mason and Moore, 1982). wetA K,0 9 2L alkaliid &

o we mEAEeta Agugte] Bol FHHo] Ytk
4. Vanadium (V)

ol saorRel V 9 E¥ 860~15042ppm (B 54.89ppm)o.w whare] w)
o7] skt Ao 2, AR AA H A9l Taylorgt 20ppmXE.th o =
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tHTable 3-3). V ©] Si0,9] #A=(Fig. 3-6)° &atH, Si0, 7} &7Fstel wel Vv
© gHadte F)o AuaRAs wad,

Ve vhamtel A V3T ole Aue East, F2 AdAd dfso] vantey
B ok e sd, A8 A Ve Fettoles astAnt Violee oty
(064 Aol Fe’™ o o] 2w (0.65 A)F frAety A7l 8 w7 Felholent 4
A 23 AR kg3t oY Xx7F f 2t (Mason and Moore, 1982). 18|22 V&
shoanh 23} 2706 Fh7ke babera} Al edqkatere] FisAl vhehdo)

5. Yttrium (Y)
o A F Y FEHY BxE 1211~2478ppm (HiF 20.62ppm)S.E ©
ekl wmely] b7kt Ht x| eb el AA FHAHE oF7F v s

rr

R
i

Y W Si0,° #A=Fig. 3-6)° °lstd, Si0,ddol S7ksl e Yo ke A9
T

= T
Y& HE RuxtolEe}l & CedE, Ao, sphene, €134,

SR 9 xHA

S ol FAste AAEEM, @Al G R AFE YO Fol A A

o7 Z7tetE Aol dthH(Vlasov, 1966). ol& mliwmp B3 apA oA Yo] Z7|d

49 W F719 APEAd Ca’lol&o] H5ey] WFel Yol SHE BER A
=9 F otk Y& B 34, sphene B A FA el FfrEof 2

6. Zinc (Zn)
Hol gAgotiol 7n gk BE¥E = 236~389.6ppm (H 159.7ppm) & o= W
sto] woby] ghrpete] H A 9F st MA HaAEY FdEs =2 3 Zde

tH(Table. 3-3).
Zn o Si0,9 #AE(Fig. 3-6)e 98t Si0, & el T7Hghel wet Zne 3
S QAR Ahshe A4S Hln

7. Copper (Cu)
Ho gAjotFol Cu o E¥:= 395~35.83ppm (H1 14.04ppm)C & o] +=
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wekol wioly] shAkeke]l gk wlszsh shrehe] AlAl WA ET oFF =t
(Table. 3-3).
Cu 9 Si0,9 #HAZ(Fig. 3-6)° ¢stH Si0, o] F7hstd wel Cuve 7

Wagner and Michell (1951)& 7| ulante] 2712 A GA A Curt vlant=
FH falHo AE F=de o014 & o skt

Cuto] 2Rt 096AC2 AFEA 9 Na' (o] 284 098A)o] o <&
Cut B Cu®" (o] 2% 072A)0] 22 H-vmtadlg BES Fe’' (o]2W4 074
Aol #173d T

ol9} o] Cu'9F Cu’" ¢ o]uhAe] Na' ¢  Fe?'o o]ntAnT}y a1

Cut B Cu®" ¢ H7/ISAZ7F Na' 9 Fe?' o o]2wgnt How Cu' 3

Cu’t o A SHERT 7] wiEe] Cu-0¢ Adeo] ol Curb TArl B ol
A SoltA mam RFwlavtd]l EAHol FEAel ¥4m Fm v

(Ringwood, 1955).

8. Lithium (Li)
o slAorFe) Li 3o B¥E 7.28~50.28ppm (HF 1828ppm) &7 o] &=
sto] wjoty] sprketel x| 9} a4t AAl Bt Aol ]Szt tH(Table. 3-3).
Li ol Si0,9 #A=(Fig. 3-6)1 <3t Si0, o] F7hgrol wah Lid <ozt

Fashs ()9 AunAE woluh vEFELAALE Si0, ol T37%01%
1= ok

o] &aFo] HAHo =z Frlste AIFE 7FA W (Viasov, 1966), w92 3177l A
= olg|g ATFo]l YEhA etk LiY FoYEA(CarrienE E&EEA Lie
sow Yol Mg* o o] Aol glon Zemo Lio] o] Sojgl: 75t
= ARzt Lio]l vlud wpanl £3le] 7)o HdHH7] wEolth (Mason

1 -
and Moore, 1982). o] ttol] vAbEAl Ao = 2we] Lio] %o St}
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kw7l #3tE = B A Lie 34, AAA " SRe 2 FEol A%
FeEe ®a Folee Mg' ek Fettol fradimz  sAGAGRFAL

= v
lepidolite, spodumene, amblygonite % petalite®} 7S LidES A5

Al = v
(Mason and Moore, 1982). 54t #1 9 st oA+ ol gk LigEo] ¢y
A e

9. Zirconium (Zr)

Ho 3lgotFol Zr st BE = 5361~184.6dppm (H 1 96ppm) L& o=
gk wietr] 5ok P AR e FxE Bl
(Table. 3-3).

Zr o Si0,9 #AE(Fig. 3-6)° 2l3t¥ Si0, $#Fo] Frishel we} Zro] &%
o] T7tat= A (+)o] AuuAE Hth

ole} & A& calc-alkaline®] AW 3HdEA19 2l Antarctic¥r=9F 7] =59
Andean Cordillera®] oA=& Zrel ¥ ZAA#go] EA3y AR 3t Tarney
and Saunders, 1979).

g, vhavh Bash Adge we zrdwe 4% 9 Fbehe 4%

r:u
jg
o
oy
e
1o
>
)

]
sdrtant 71de SAdgFelAE GV GdA ARG e R ArE Zro) ol
S7teke AES 7HAH, A 2dBE 2 b FEol QojA Zre RE3A,
ZEd A 3 & Fe-3Edd ta FiHo] i, FEFA= A9 5oUA &k &
ZF4 A illmenite, %4 % sphened e FHbFE] &3] UEH, AFol}
A7 2o FAFEAd = ofF A% dHHo Ad=d(Vlasov, 1966), =49 3}
Aol ZE A sphene E AojZo] FRbE wEAAs el Zre] 3kl
CIRTES 3= &

10. Cobalt (Co)

o g dFol Co g% EEE 1.71~2345ppm (F 8.79ppm) O 2 o] & 7
sto] wioly] shrkete] iyt e} spetel AA WA HT =S BEXE HT
(Table. 3-3).

Co ¢} Si0,9] TA=(Fig. 3-6)° 9std Si0, o] F7kstel wef V& A
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cakc-alkalinex] 93 ¢ ~E# g o}

ol te
., 1982).
A Fe2+§]_§jl-

sk H-(0)9 AaaAE 7HA =,
He%o I-type 349k HlSs:sttH(Collins et al
Co*"9 Z7] (0.74 A)x= Fe*Tol(0.77 A)3 A #Zor= Cot
B Fol g Ho] 5ottt 18y Co W Fedl Hl&2 whint #£3F 2719 &
A 7FFza B Zso] Ao wel WA} 7As= A ako] 9vk(Mason and
Moore, 1982).
Nockolds and Allen (1954)°] &]3}H Cool AE HHAEL 238 Mgo HHA &
I Hlszste] ZF Al Co @ Mge] H7F dA8%S w3ty 2B mpans
Z71 AdE Mgd=, 53 zeAol Feo] mpawt
obF FRlg F-(-)9 ¥
&= & Fe’'
¢l ghet

o9+ dFEe Coe
22 @t CoE Si0,99] A7 % (Fig. 3-6)0lA]
g o] A& Co7t whrambe] AAZgo] o]
Sol7lE o s 3etE A Ao )

-5
HAE HoFa e
o xmet @7 Mg T Fet Aol

=

(Ringwood, 1955)
11. Scandium (Sc)
Hol 3lAolFo] Se o] BEXE 1.11~19.05ppm (H1F 8.37ppm) L& o] &=
gho] wioly] shabekel ot x| ¢} ek AA Aok Hl=d RIS OLD}
(Table. 3-3).
Sci} Si0,o BAE (Fig. 3-6)o] ©3}# Si0,7t Z7bskel wet giAl= 72 4a
= 3ol 3l
Sce Wiy WA A st dell wel 7] dAdEH = 94, A 2 SRS
2o A-vlaulg FE F2 HAHH7] wEod (Ringwood, 1955) 74 ¢ka 2o
w3t 2710 F4E Aol Hol srEo 9
A GdAAdFolA Sco FTHF2 illmenite’} BEFE At SR, 794,
% sphenel] FRbH O] AbEH i, 53] S&E7F B2 sAhFolA =4
Mg?" (066 A)HTE Fe?'(0.74 A)ol 77z
o, ScPt el WS

g5
et (Viasov, 1966)
STl o] Wk (0.81 A)o]
S*tol Mg?" Rt Fe?'3t &7 @5ty & 7] ol
%=(ESc=1.3)% Fe’" (EFe=1.65)%.t} Mg** (EMg=1.2)1 t 7Mth webr Sce Fe
o7k a ake Aol ol 27| wEel 23t %7

g Agd Axe Ao
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ot
oX,
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rlr
o
(il
2
jib
off
N,
i,

tHRingwood, 1955).

B glaoliol Ni shaFe] ¥ = 9.22~4891ppm (Hi+ 29.35ppm) o= ©]+=
ko] wioly] g 7tete] H A Eoh AR o slkeke] MA HuAHUTE H
P

Ni % Si0,9 #HAE(Fig. 3-6)e oJstd SiO,s#Fo] S7Hghol wel dA4o=

Ni o]&9] ®REAF2 Mg o9 WA 3 AMEAY 2 At Zrh w2k Ni
E Hol| FH Sortr® wiavt 7)o AHE FE(53] FEA])

A Ni ol Mg9] & Z=ou F7]d A" A3 Fede AAA oz 7
Helth(Mason and Moore, 1982).

Ni?"e] o] 2Rb4(0.69 A)ol Fe?' o] o] 2WrA(0.74 A)Rtt ZoHZ Nig %2
ol Ag oA wiitel 2714 FE=ZAA =07t

Fe?" o] A7 & =659 Ni?T el A7 EAH=1.70)7F A9 frAketd Ni-09]
Aol Fe-O0° Z¥HY ¢ Zste= Nie Blud wiawp &3] x7]d P45
© 34, a4 9D A (AnY 22 FEC ¥ (Ringwood, 1955).

rlr
o,
o2
o

13. Chromium (Cr)
Hol pAdorFe Cr g9 BXE= 4053~214.73ppm (H1 101.21ppm) S & ©
weke] mobr] sharehe] Ht A sh7rete] MA BaEAET A =L FGs
z+r =1} (Table. 3-3).

Cri} Si0,°] #A%E (Fig. 3-6)l o3td Si0, $#Fe] F7hsdd uet dA4 2
B faste A¥%S B

Cr& vwlauplo A Crifol2o g EA37] wiol] %7] A=A chromitet} 3
Ao MY FZHEH(Mason and Moore, 1982).

ole} o] FFAAA A F F vEF AL YAE Ba, Sr, Zn, Rb¥ Cel
gFeFel 100ppm o] dolw 7]eF 4= 100ppm o] stoltt. 1370 v A2 4ol w

W REAAY SYYFE vk 23} w9 AR B 5 9

—_

rir
i
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ER Uxt F/REAA MaZol &30, ofF At Beld, shers 44

rtl

MABR Az e WEe] FEE&e, & EAAEE B “}1“}4 ket 2
e Edste EERY E3AAS weled W FLskA ol&
(Henderson, 1984).

3 EHF YA+ Lanthanum(La)ol A Samarium(Sm)7FA1¢] D24, = Light rare
earth element(LREE)®} Gadolinium(Gd)oll A Lutetium(Lu)7FA1 2] €42 Heavy
rare earth element(HREE)=® & 4 C”D}(Hendelrson, 1984).

B glkedFol e slERF Y4 B3 Table 3-49F 2t}

F 3 EF ko] digk La/Yb %i}E(Fig. 3-11)+= La/YbH]| 7} S7h&el web A
A B ER dgfo] sl4obalol T EALE ALl E-»>A] o bkl su] A g ol 4o g
S7bstel B AE=E BT, ® alubgoel] e Si0, W3t (Fig. 3-6)°l A
B()e] 714718 Beli stami vlon Tg} wol AdA EdAdagos
sto] wiuge A BEFS Hole sAEA T4 Ao spaketel A A A

MARGES B EATE GG RS A Ao A Uk on] 24817

k)
Epel

H

rr
L
m>*

o

I3

A
:

02

A YA S A EH

I EFUA(Table 3-4)¢] Z3=(SZREE)S  Al9dulel  2066ppm, 3Fekaker

136.32ppm, FSAFEALOlE 157.64ppm, 12]al m|EAFE7Fer 21959ppm o & wely)
PRI =i Effololay]-rebr] s FE W #s Bt E O JERY

Eu(-) o4& YetlE Eu/Sme A4 -SR] St 021, 219459 024, st

sobakel 0.23, 5 AtdALelE 023, re]ar mEAaksk ek 0.1 o}

glolof~7]-Fretr] B} tha v, T 02 A9 §ARE 3k ®lth(Henderson,

1984; Hong, 1983). ™= 3 EHFZ Nakamura(1974)¢] &Ald] w3l A X2 F53}3
d

REE patternol] &8t ®etr] st ek77t Edtolotxr]-Fretr] sHd b7 HtE Hlal
vral 353 Eu(-) o) gEs Both(Fig. 3-10). ol tiFoluy AR Fx
A AREE SPAAFIE Rele A dA s 237t 21 g uhel HREEZF

LREERTE 5¥0] F8 ()9 4AE melzth ol wetr] H4HR7t Eefol

obrr)-rebr] SRR AukgE R3S O EREL AN
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Table 3-4. Contents of the Rare Earth Elements in the Igneous rocks from the
Mt. Mudeung area.

Kmgr Kmgr Qp Qp Da Da An An

-5 ave -2 ave -4 ave -2 ave

ppm ppm ppm ppm ppm ppm ppm ppm
La 4383 3949  36.75 439 36.03 36.07 2442 2740
Ce 15359 12838 7330 12392 69.72 69.59 50.78  56.80
Pr 8.49 7.94 7.66 8.82 7.57 7.55 6.08 6.75
Nd 2840 2737 2721 3083 28.05 2760 2413 26.95
Sm 4.75 4.73 4.42 5.00 494 477 464 507
Eu 0.41 5.10 0.67 0.75 1.13 1.09 1.12 1.19
Gd 2.76 3.04 2.94 3.10 3.70 3.56 364 394
Dy 3.12 3.31 2.56 291 3.23 314 336 3.93
Ho 0.62 0.65 0.47 0.54 0.63 0.62 0.66 0.69
Er 1.87 1.93 1.32 1.53 1.74 1.75 1.88 1.96
Yb 1.98 1.94 1.14 1.35 1.57 1.65 1.73 1.78
Lu 0.30 0.30 0.17 0.20 024 025 0.26 0.26

2.REE 20012 21959 158.61 22285 15855 157.64 12277 136.32
Eu/Sm 0.09 1.07 0.15 149 0.23 0.23 0.24 0.23
2.LREE 23947 20842 150.01 286.97 147.44 146.67 11039 124.16
2.HREE 1065  11.17 8.60 963 11.11 1097 1153 12.16

>LR/ZHR 2249 1866 1744 2980 1327 1337 957 10.21
Abbrebiation
> LREE : Sum of light REE(La to Eu), 2HREE : Sum of heavy REE(Gd to
Lw), 2LR/>HR : > LREE/>HREE.
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Table 3-5. Range of REE contents in acidic and intermediate rocks. (Henderson,

1984)
Rock type 2REE (La/Lu)en Eu/Sm
(ppm)
Acidic And intermediate rocks
Continental tholeiites 15.2-322 0.5-7.6 0.16-0.55
Island arc and back-arc tholeiites 10-262 0.4-7.3 0.22-0.54
tholeiitic intrusive complexes 2.71-547 0.31-19.3 0.23-1.55
Andesite 25-341 1.0-215 0.15-0.51
oceanic 25-178 1.0-86 1.19-0.51
continental 67-341 1.5-215 0.15-0.35
Anorthosite 1.7-148 0.13-58 0.30-5.0
Associated
jotunite, mangerite
and anorthositic gabbro 34.5-312 3.4-149 0.34-0.73
Quartz diorite, tonalite,
granodiorite, and trondhjemite 10.5-499 0.34-413 0.041-1.76
Those with negative Eu
anomalies 60-499 8.9-66 0.041-0.26
Those with negative Eu
anomalies from young
1sland arcs or ophiolites 34.4-131 0.34-1.7 0.13-0.29
Those with positive Eu
anomalies 10.5-144 5.0-77.5 0.39-1.76
Those with little or no Eu
anomalies 12-273 2.8-413 0.24-0.38
Monzogranites and syenogranites 8-1977 0.54-137 0.0009-1.07
Those with small to moderate
negative Eu anomalies 106-877 2.5-50 0.09-0.23
Those with moderate to large
) . 0.0009-0.00
negative Eu anomalies 40-1977 1.1-22 74
Those with positive Eu anomalies 40-210 4.8-97 0.41-1.07
Those with little or no Eu anomalies 8-1426 0.54-137 0.20-0.36
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Fig. 3-10. Chondrite normalized rare earth elements(REE) patterns of igneous

rocks in the Mt. Mudeung area.
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Fig. 3-11. REE variation diagram. Total REE (ppm) versus La/Yb ratio
showing systematic trend on total REE from Cretaceous volcanic

rocks in Mt. Mudeung area.
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A4 g dFe A

SHEATA L S| 2 gALdATH SFAHY dol2std A7
(TIMS, Isoprobe-T, IsotopX Co.)& ©]&3F2] Rb-Sr¥} Sm-Ndo| 3] 43
Atk F=ulE FHETAR o 30mgol £ Auto] Z(MSr-"Rb, 'Nd-"Sm
5 AAF 7teta, EFAHHFHCIOLHNO)E d3l] nlo]de] 748 2 HhAj
ZFEeAth v ol F4S da Azl - 25N HCI 0.5mlz whE o
Aol AEStlth Rb, Sr L8]il S| EFAAES &5 Zdstr] 98

2wzl 3} SHAGEOW-X8, H' form, 200~400#)A S st Smyt
Nd#Els Halxdes JEFILRY] FESE F2 4
(2-ethylhexyl) hydrogen phosphate)ES FEAIZl HZE 3t} (Regin)E ©]-&3F
Z+el 3} 8k (Richard et al., 1976)2 2 A8t

w28 Rb¥ Sre Ta filamentol ¢lo] FolsAHdFEA7|2 +A4519 2™ Rb
of e FTLrHE AHZH EIE(static mode)® #2413 2 (N=20, b5s
imtegration) Sr< ¥Sr/%Sr=0.1194 2 FEH F 72 B A3 AA 52 A X = (dynamic
mode) & #2413 tH(20, N=100, 5s intergration). 21 % 57Sr/%Sre)] wrd g A
ol &y FeHor BATh NBS9T EaEdel USy/fSr 4 it ghe
0.710254 + 0.000004(N = 30, 20 SE)&, FH A (VSr/*Sr = 0.710250)¢F =
o, B wE Sro wjA e 0.1ng oldtoltlh. TAIAel EAZAHA A

Ludwig(2001)E wskow AgiAatel] Qlo]A ¥Sr/fSr o xtE i A QA2 A}
23593, "Rb/OSr 9.3 wkrE A% o] Aol wel 05%E Fooh AlAtE e}

9 9an] 272 05% A2 E(20E AHET

A274 Rb-Srig el Az o4
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SAF Ao w7 kel Rb-Sr AYd® S 76.8+3.6Mao] i, *Sr/*Sr x4
0.71067+0.00023(MSWD; 89)o. & uielr] 7)o & th(Fig. 4-1, Table
4-1). FSAHAgtatete] Rb-Sr ddd® e 80.6+1.4Mao] i, Sr/*°SrxA 2=
0.709280+0.000010(MSWD; 3.2)o.2 weoly] 7o & 2stch(Fig. 4-2 , Table 4-1
). ol g 9% A Ao Fxd F5AF Mgl K-Ar dddH S 543 3
9] 68.6+1.9 Ma, (1990)¢} all'd = o] FFA] A 374 K-Aro A=
< SAS AT RREMN1992)e AR A7 729+1.1~746+1.8 Ma, A&
4 684+1.5~736+1.3 MaZ e}, K-Ar A ¢4# Rb-Sr dgdAsn &
A A YERY=d Sudo et al. (1988), Shibata and Ishihara (1979b)& 4~9 Ma,
Ma, Z+2F gA vebdoha AASEL 9lom, Lee
< °F 3~15Ma, &7 A A& of 2~11Ma, #

ol 7z BE o HH>%(Table 4-2)7} 217}

1t

A]

rr
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Table 4-1. Rb-Sr isotopic data from the whole rocks in the Mt. Mudeung area.

Rock type  Sample No  Rb(ppm) Sr(ppm) 8TRb/*0Sr 87Sr /80Sr

Kmgr—3 199.7 98.1 5.892 0.717129

micrographic Kmgr—4 188.6 93.2 5.859 0.717024
granite Kmgr—=6 175.1 168.7 3.004 0.713959
Kmgr—8 138.0 142.1 2.813 0.713725

Isochron age = 76.8%+3.6Ma, Sr initial ratio = 0.71067%x0.00023

Da—1 107.2 369.6 0.839 0.710242
Dacite Da—3 69.7 495.1 0.408 0.709742
Da—4 64.7 522.2 0.359 0.709694

Isochron age = 80.6%x1.4Ma, Sr initial ratio = 0.709280%0.000010

Table 4-2. The comparison of retention temperatures of the whole rock and

minerals by the Rb-Sr and K-Ar methods(Dodson, 1973; Wagner

et al., 1977; Nishimura and Mogi, 1986). (in C)
Materials Rb—Sr K—Ar Fission—track
Whole rock 720+100 500£100
Hornblende 50075
Muscovite 50050 35050
Orthoclase 360+40 150£30
Microcline 340£40 150£30
Biotite 310£40 270£40
Plagioclase 260
Sphene 290+40
Zircon 200£30
Apatite 11015
— 63 —
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Fig. 4-1. Isochron diagram for the whole rocks of the micrographic granites in
the Mt. Mudeung area.

MSWD; mean square weighted deviation
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Fig. 4-2. Isochron diagram for the whole rocks of the dacite in the Mt.

Mudeung area.
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A5% E¢A
A1 LR A

A7)l e BB Ao BEs SAUFE AL vlante] §8, A4y

=33, vhavk Ao AyxH #4 & nFstaa ek
1. whante) £9

st FE AT 2d=4do] stAdvIde mhanklzr HA 7] wpanklvle
T3S Yotr7] 93 "ol oy A HIARE(o]WA, 1981; Chappell and White,
1974; Tsusue and Ishihara, 1974; Ishihara, 1977; Hine et al., 1978, Czamanske et al.,
1981; White and Chappell, 1983)°l 2J3jA] o]Fo]x]3 2t} Chappell and White
(1974)9} White and Chappell (1983)2 3}t FE Ao ofe] A=At #E3H
A g gAstety Apeolg V£ o' dhe] I-type ¥ S-type &2 23812 ™, Tsusue
and Ishihara (1974)¢} Ishihara (1977)= AHEAALI BlGEd AR F&Eto] 24

MAL S st T HEEAALY stAdAFEY O 52 ARG S 0lA
PEI:;

ARQHEAJG  spATh. EI type(AHEAALD)Y AL ALFE AA
+sphene+ At A A o] FE X3S 7AW S-type(E|eFE A A F)9o AT AdHFE SR
+ll SR FAGE A A Y FEFS Bt &t 2o mEdsiAds A
(AL,O,~(Na,0 +K,0))-C,  (CaO)-F, (FeO+MgO) Az % (Fig. 5-Dol HA3a,
I-typeell, W A3 {5 % I-typeol e},

T3 K,0 o Na,02 #A%Z(Fig. 5-2)o HAIstH 25 I-typeol a3t}
olg} o] #o FAUdFE WE 71K wiavmtel A E3kd I-type = AHEA
of &3t=tl, o] A2 Jin et al.(1981)F &<k 749(1990)e o gk Welr] g7k ek=
hire] whnk F3 3 A A g
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Al—Na—K

Ca Fe— Mg

Fig. 5-1. Triangular diagram of molar A (Al,0;- Na,0 - K,0)-C (CaO)-F (FeO
+MgO) in the igneous rocks from the Mt. Mudeung area (after White
and Chappell, 1983).
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I-type Granite
5 |
4
_,-?o g o Kmgr
(]
Na,0 - 3 I o = R i s 0Qp
(wt.%)  |=——-—-—— A Da
o x An
S-type Granite
1 -
0 T T T T T 1
0 1 2 3 4 5 6

K,0 (wt.%)

Fig. 5-2. The relationship between Na,O and K,O in the igneous rocks from

the Mt. Mudeung area (after Hine et. all, 1978).
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2. vfawle] EA 3 HE3}

stetxAd S vEor 29 AU RE AN miavntel 5AS dob B9
Irvine and Barager(1971)o] 2J3iA AlA® SiO, W Na,0+K,09 A#% (Fig. 6-3)
of HAlal ¥ Ay HAHOZ subalkaline Fo] sjgstct. = AFM A2 %= (Fig.

29 3} Y+ calc-alkaline 9 9ol <3k, peraruminous (Al,04>Na,O +
K,0+Ca0) sp kel sl gtch(Shand, 1974). o] ¢} o] #a Ao AL gii&
calc-alkaline Alge] dHtA <] 5 o]t (Wright, 1969; Jin et al., 1981).

N-C-K (Na,0-Ca0-K,0) A7 E(Fig. 5-4)914 2 shdai= N-KA4 717
olo] WHH o] FEITh o= LEY spAGAGTFY HA, Pk Wotr] AR
o WA, -7 B THF-XIIt e s GA G FAA HoF= npet e AY
A<l calc-alkaline A2l wlwpo] 23] AAEHJSS 2ol Fvh (Aramaki and

Nozawa, 1978; AW, 1990; Jin et al., 1981; Jin, 1988; ¥X4=, 1987, A& =3 #AA
, 1988). =4 Y49l AFM 2% (Fig. 3-5)0A4 % FMZEZ o= RE ARHe=R A

10}_ calc-alkaline #}1wté] &3} 5AS HolFrh

g, 2o mEAstAetely e s dRE Sio, W K,0/P,0,9 d#E (Fig.

5-5)el HAlstH whawizl ARG o5 A Hom FItEl AIds Holt

(Tindle and Pearce, 1983).

a8y, vHAAE YholA Ba Wl Srol #AIEe Ba W Rbe #A=(Fig. 5-6.)°4

244 gel ARl wek B GAHLFE Sr/Bad) Wl Folo] gass RS U

< & YEUF= Ba, Rb ¥ Sre] 9AE o] &ete] E3te] EAS Ay
M= Ca®l 3haFo]l #Hashd Srol &= FHAghtH(Taylor, 1965). 124
Bad o] Whge] 134 Ao =X K(1.33 A)3 Hjszate] E3t z7]d A4d AW
gko]l F7hsty, 3 2vldl= Rbe Kol wigh Aels X34 wlFo Ba<l
A3 7HA23FTh Rbe o] ub4o] 147 AolA ¢ K3t #3 $HES 7HAx
2 B33y F7]ole Kol B2 &o] ¥ (Bouseily and Sokkary, 1975).
aeug wpoanke] £37F [ wel 2 A Al EHl= Sr-Ba-Rb £ ® W
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Alkaline
10
K,0 / o Kmgr
+ 8 DD ¢_<}¢'o o Qp
Na,O 2o A » Da
6 AL * x An
X .
Subalkaline
4 ] I I I |
55 60 65 70 75 80
Si0,

Fig. 5-3. The relationship between total alkali and SiO, in the igneous rocks

from the Mt. Mudeung area (after Irvine and Baragar, 1971).
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Na,O

K,0
Fig. 5-4. Triangular diagram of NCK(Na,0-CaO-K,0) (wt.2%) in the

igneous rocks from the Mt. Mudeung area.
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100 +
o Kmgr
K,0 -
P,0, i 0Qp
(wt.% ) [ s Da
10 + X An
l | | | |

40 50 60 70 80
Si0, (wt.%)

Fig. 5-5. K,0/P,0; vs. SiO, in the igneous rocks from the Mt. Mudeung area
(after Tindle and Pearce, 1983).
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Na,O

K,0 Ca0

Fig. 5-6. Triangular diagram of Rb-Ba-Sr system in the igneous rocks from

the Mt. Mudeung area (after Bouseily and Sokkary, 1975).
1 : diorite, 2 : granodiorites and quartz diorites,

3 : anomalous granites, 4 : normal granites,

5 : highly differentiated granites
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3. vhavt w9 AF=H 87

O

3+

FS )R gAY 5EAE 2AR 4G woant gy #dd
GA ]l ATxH @HS grEsEE AT @EstA olFold g

(Iddings, 1892; Harker, 1909; Barth, 1962; Dickinson, 1971; Peacock, 1931; Martin
and Piwinskii, 1972; Johnston et al., 1976; Petro et al., 1979; Pitcher, 1982;
Pearce et al., 1984; Betchelor and Bowden, 1985).

2AeEl o8 Y AAGAE R FER AR, FERH} BF B
R EEEE

of ZAANF 2 dFHI tFHo] FEote BAN, F d5H A
g4 @t (Dickinson, 1971). ¥FH 2453 #& glo] A4 A GA = B4
of AAN, & 5 M= B AAFY rift zoneoll A &3 H T

Martin and Piwinskii(1972)7} s ¢t79 stetx=d 2 x4 34 dAE AT
st om, olo] thste] oy st siA B2 A7F A A H(Christiansen and
Lipman, 1972; Strong and Minatids, 1975; Johnston et al., 1976, Petro et al.,
1979).

Martin and Piwinskii(1972)& &3 X|(D.I)2] X5 AFH oz Artsle 3
AoE AREEel oa FdAdE Aok v x2AkEsel oS
st h Aol 93 FAdE dAl= EFATY EEETF intermediate modes
7FA = unimodal 3 Ejolu} H]ZAEEEo ol&] FAdE LA = felsic-mafic mode2]
bimodal FHE Wetdth T3 H A F o8 FAHH
Lo A et Bu WA Exe E3AF A WA EExEHE AEFgE e
t}.

Johnston et al.(1976)> compressional 374943 dF+= ALO0,7F FESfo]al
FeO7F Hlad AHom MgO9 CaO0+v %2 #& YERd&=d H]38le] extensional
SRR = ALO7E @ X3tE I FeO7F Hla% @om MgO ¢ CaO ¥ ot
< Fe BEAua skt

Christiansen and Lipman (1972) CaO/(Na,0+K,0)¢] H|= 3}itehe] x4
S FESJ =0, calcTalkalix= Peacock (1931)9] <otg]-gtd A9 2
calcTalkalix] == &AM SHAEA S (60~64)¢] v sAkA S (50~56)H Tt =
ot o). 18]3, Strong and Minatidis (1975)% ©] A5 AAAASFY +x234

i‘i

orEi= AFM 2z}
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Fig. 5-7. CaO0/Na,0+K,0 vs SiO, (wt.%) in the igneous rocks from the
Mt. Mudeung area (after Petro, 1979).
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Fig. 5-8. SiO, vs Rb, and Y in the igneous rocks from the Mt. Mudeung area
(after Pearce and Tindle, 1984).
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150 Ma. 90 Ma.
Subduction & magma generation Spreading & Andesitic volcanism

130 Ma. 70 Ma.
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Fig. 5-9. A Schematic presentation of the model for granitic magmatism in the

Yeongdong - Gwangju depression (Shin, 1994).
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