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Fig. 1. Analysed sampling sites and Geological map of the
Cheonsungsan area (modified from Hwang, 1980). (1;An-
desitic rocks, 2;Dacite tuff, 3;Dacite welded tuff, 4;Rhy-
olite tuff, 5;Rhyolite welded tuff, 6;Granodiorite, 7;Horn-
blende biotite granite, 8:Biotite granite, 9;Dike 10;Al-
luvium)
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Plate 1. Photomicrograph of Wonhyosan tuff showmg

parataxitic texture (open nicols). Rf;iRock fragment.
(The width of photo is about 3.2 mm, Plate 1-4).
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Table 1. Modal compositions of volcanic rocks in the Cheonsungsan area (%).

Sample  Rock type  peainik frai"n‘;lém - K_};:enocry;: — Rock texture
w23 dacite tuff 63.1 16.3 1.7 15.1 0.8 3.0 cryptocrystalline
W41  dacite welded tuff  60.4 339 0.7 44 0.2 0.3 parataxitic
W48  dacite welded tuff 58.7 21.0 2.4 18.0 9.7 parataxitic
w7 rhyorite tuff 92.2 3.9 1.0 2.1 0.6 cryptocrystalline porphyritic
w8 rhyorite tuff 86.5 0.7 3.3 6.0 3.0 0.3 cryptocrystalline porphyritic
W12 rhyolite welded tuff 61.8 13.3 3.9 13.9 2.4 4.6 parataxitic
W19 rhyolite 886 0.3 3.2 7.1 0.1 cryptocrystalline
W6 rhyolite 99.4 0.5 - spherulitic flow structure
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Plate 2. Photomicrograph of Wonhyosan tuff fragment in
Cheonsungsan tuff (crossed nicols).
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Plate 3. Photomicrograph of devitrified pumice in Cheon-
sungsan tuff (crossed nicols) P;Devitrified pumice.
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Plate 4. Photomicrograph of Cheonsungsan tuff. Quartz
aggregates are arranged in the flow direction (crossed ni-
cols). Q; Quartz.
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Table 2. Chemical compositions and CIPW norms of the volcanic rocks in the Cheonsungsan area (%). (Ba;basaltic an-
desite, ad;adamellite, AD;acid dike, DT;dacite tuff, DW;dacite welded tuff, RT;rhyolite tuff, RF;rhyolite, An;andesite, Rd;
rhyodacite, WT;welded tuff, Tu;tuff)

Sample Cé6 W34 W5 w27 W43 w21 W36 W48 w42 w4l w28 wé
Type Ba ad AD RT DW DT DT DW DW DW RT RF
SiO: 5265 6166 6597 6735 6774 68.07 6835 6836 6859 6873 70.28 73.44
TiO, 1.03 0.61 0.55 0.61 0.40 0.47 0.42 043 0.44 0.42 0.61 0.16
ALO, 16.74 1557 1527 1564 1546 1502 15.01 1498 1493 1494 1341 13.23
Fe 03 7.82 4.33 3.33 3.14 2.84 2.86 251 2.69 2.72 241 341 1.62
FeO 1.24 0.69 0.53 0.50 0.45 045 0.40 0.43 0.43 0.38 0.54 0.26
MnO 0.26 0.85 0.09 0.06 0.11 0.10 0.09 0.11 0.11 0.11 0.01 0.04
MgO 4.12 1.46 1.02 0.54 0.75 0.59 0.58 0.63 0.67 0.66 0.39 0.23
Ca0 8.14 2.52 3.12 2.21 2.31 1.83 1.69 1.83 2.00 1.67 1.91 0.78
Na 0 3.59 3.34 3.99 4.55 4.31 4.45 4.08 4.78 4.50 321 3.00 413
K0 2.20 4.04 3.00 3.63 3.61 3.33 3.62 3.40 3.52 5.38 2.84 3.87
P,0s 0.36 0.28 0.14 0.12 0.10 0.09 0.09 0.09 0.08 0.10 0.13 0.02
Total 98.15 9534 97.01 9834 98.08 9726 96.84 9772 9799 98.01 9762 97.77
K,O/Na 0.61 1.21 0.75 0.79 0.84 0.75 0.89 0.71 0.78 1.68 0.71 0.94
Q 4.01 19.98 2347 21.79 23.07 24.89 2653 2294 2388 2518 31.84  32.65
C 0.00 1.79 0.12 0.50 0.05 0.98 1.52 0.33 0.27 1.04 0.60 0.88
Or 13.00 2388 17.73 2146 21.34 1968 2140 20.10 2080 31.80 16.79 22.87
Ab 30,37 2826 3376 3850 3647 3765 3452 4044 38.07 2716 33.84 3494
An 23.07 1067 1456 1018 1081 8.49 7.80 8.49 9.40 7.63 8.63 374
Di 11.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hy 4.86 3.64 2.54 1.34 1.87 147 1.44 1.57 1.67 1.64 0.97 0.57
Hm 6.53 2.10 3.05 311 2.39 2.56 2.26 2.35 2.39 215 3.20 1.27
Mt 1.86 3.21 0.40 0.03 0.65 0.43 0.36 0.48 0.48 0.37 0.30 0.49
1 1.95 1.15 1.04 1.16 0.76 0.89 0.80 0.83 0.83 0.80 1.16 0.30
Ap 0.85 0.66 0.33 0.28 0.24 0.21 0.21 0.19 0.19 0.24 0.31 0.05
Q 5.7 24.1 26.2 23.7 32.6 274 29.3 249 259 274 349 34.6
A 61.6 63.0 57.6 65.2 52.2 63.3 62.1 65.9 64.9 64.3 55.3 61.5
P 327 12.9 16.2 11.1 15.2 9.3 8.6 9.2 9.2 83 9.8 39
Sample W7 W19 W4 Al A2 RD1 RD2 WT1 WT2 T1 T2 T4
Type RT RT AD An An Rd Rd WT WT Tu Tu Tu
SiO, 7413 7453 7874 5302 5334 73.02 7260 6680 66.76 7252 70.68 78.20
TiO, 0.16 0.13 0.13 1.27 1.24 0.25 0.22 0.55 0.50 0.15 0.25 0.24
AlLOs 1270 1283 1167 2086 2066 1528 1556 1875 1815 1648 1730 12.90
Fe, 04 1.62 1.39 1.42 2.50 3.42 0.86 0.84 0.47 0.40 2.63 0.75 2.57
FeO 0.26 0.22 0.23 4.98 4.86 0.70 0.71 2.16 2.28 0.47 0.59 0.87
MnO 0.06 0.02 0.12 0.06 0.05 0.02 0.01 0.04 0.06 0.03 0.11 -
MgO 0.19 0.08 0.22 348 3.52 0.35 0.33 0.82 0.74 0.36 0.28 0.13
Ca0 0.87 0.65 0.09 6.89 6.70 0.58 0.67 1.58 1.96 0.34 2.07 0.82
Na,0 348 3.39 0.21 3.34 3.40 3.76 3.90 4.49 4.30 3.50 3.45 3.30
K0 4.28 4.53 3.61 1.28 1.30 4.48 4.52 3.36 3.47 1.20 3.20 0.27
PLOs 0.03 0.02 0.02 0.30 0.28 0.01 0.01 0.10 0.12 0.04 0.06 -
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Table 2. Continued.

Sample W7  WI9 W4 Al A2 RDI RD2 WTI WTz TI T2 T4
Type  RT RT AD An An Rd R&A WT WT Tu Tu Tu

Total 97.77  97.79 9645 9798 98.77 9931 9937 9939 98.74 9772 9874 99.30
K O/Na,0 1.29 137  17.19 0.38 0.38 1.19 116 0.75 0.81 0.34 0.93 0.08

Q 3544  36.02 6324 7.27 789 3217 3059  21.67 2207 4642 3356 56.02
C 0.83 1.22 7.30 2.17 2.15 3.22 3.06 4.60 4.06 8.90 4.54 5.69
Or 2530  26.97 21.34 7.57 7.68 2648 2672 19.86 20.51 7.09 1891 1.60
Ab 2944  28.68 1.78 2826 2877 3181 33.00 3799 3638 2961 2919 27.92
An 4.12 3.09 032 3222 3141 2.81 3.26 8.53 8.94 1.43 9.88 4.07
Di 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hy 0.47 0.20 0.55 1376 1291 1.07 1.09 4.79 4.98 0.90 0.95 0.32
Hm 1.23 111 0.91 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.0 1.12
Mt 0.56 0.40 0.74 3.62 4.96 1.25 1.22 0.68 0.58 1.18 1.09 211
Il 0.30 0.25 0.25 241 2.35 0.47 0.42 1.04 0.95 0.28 0.47 0.46
Ap 0.07 0.05 0.05 0.71 0.66 0.02 0.02 0.24 0.28 0.09 0.14 0.00

Q 37.6 38.1 72.9 9.6 104 34.5 32.7 21.8 224 479 34.0 56.4
A 58.0 58.6 26.7 47.6 48.1 62.5 63.8 69.6 68.5 50.6 56.0 39.5
P 4.4 3.3 0.4 428 41.5 3.0 3.5 8.6 9.1 15 10.0 4.1

Table 3. Trace element abundances (ppm) of the volcanic rocks in the Cheonsungsan area.

Sample C6 W34 W5 W27 W43 W21 W36 W48 W42 W41 W28 W6 W7 W19 W4
Type Ba ad AD RT DW DT DT DW DW DW RT RF RT RT AD

Co 44 12 25 1 16 16 8 13 16 12 7 11 13 8 5
Sc 24 7 12 6 6 7 4 6 4 7 13 6 2 3 6
\' 327 77 91 84 75 59 69 49 59 74 59 45 40 33 38
Cu 19 29 34 134 29 36 14 24 26 20 31 18 22 14 12
Pb 16 3123 9 11 22 20 30 20 17 22 32 17 18 19 186
Zn 313 3749 67 61 95 98 119 96 84 195 86 53 54 37 820
Rb 234 161 190 72 148 161 136 143 98 195 117 130 149 164 135
Cs 16 3 5 3 5 7 2 6 5 5 2 3 2 3 8
Ba 787 683 546 611 617 659 558 612 549 551 632 591 531 584 765
Sr 566 296 421 94 201 249 183 216 133 219 193 103 31 41 13
Ga 20 16 14 18 17 18 16 15 16 16 11 17 14 14 16
Li 26 28 17 15 18 14 17 18 13 18 17 16 24 12 15
Ta 94 96 124 141 157 148 117 159 118 100 87 142 88 515 138
Nb 14 14 17 18 19 21 17 22 8 18 11 17 14 14 14
Hf 0.3 0.1 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.3 0.5 03 04 0.5
Zr 154 23 264 262 213 197 183 216 214 219 150 254 135 143 208
Y 27 20 37 19 27 37 25 33 18 31 38 25 9 14 31
Th 7 4 11 4 12 9 11 11 5 13 11 11 5 11 15
U 3 3 1 3 1 3 3 2 3 2 2 3 2 3

Zr/Hf 51333 230 440 436.67 335 394 366 432 428 438 500 508 450 375.5 416
Nb/Ta 015 015 014 013 012 014 015 014 015 018 013 012 016 0.03 910
K/Rb 78.0 2083 131.0 4185 2024 1717 2209 197.3 298.1 229.0 201.5 247.1 2384 2293 221.0
Rb/Sr 041 054 045 077 074 065 074 066 074 089 061 126 481 4.0 10.38
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Table 4 REE abundances (ppm) of the volcanic rocks in the Cheonsungsan area.

Sample Chon C6 W34 W5 W27 W43 W21 W36 W48 W42 W41 W28 W6 W7 W19 W4

Type Ba ad AD RT DW DT DT DW DW DW RT RF RT RT AD
La 0.315 28.21 10.16 26.42 838 2559 25.16 22.46 24.47 11.67 2865 25.57 17.50 7.90 17.47 26.70
Ce 0.813 60.60 30.65 59.04 22.26 60.04 55.63 54.98 58.35 47.64 58.97 54.85 53.39 2441 38.50 58.37
Pr 0116 7.72 287 6.33 231 579 677 509 610 268 657 642 417 175 317 6.00
Bd 0.597 29.90 10.96 26.00 879 20.41 23.60 19.60 23.17 9.36 23.97 2437 1558 5.04 10.89 20.94
Sm 0.192 565 251 494 259 364 4.96 3.94 492 260 426 516 283 133 214 439
Eu 0.072 204 096 131 074 121 197 09 130 091 147 142 073 022 050 114
Gd 0.259 567 269 590 265 440 540 355 522 218 458 612 345 126 217 4.65
Tb 0.047 072 048 078 033 055 076 060 074 037 080 1.03 045 0.22 030 0.65
Dy 0325 449 314 546 278 423 513 344 518 280 466 6.03 335 127 194 415
Ho 0072 078 065 110 056 078 095 084 097 060 111 124 070 028 050 085
Er 0213 248 178 318 183 269 302 226 318 172 332 365 204 089 136 3.07
Tm 0.030 032 030 051 030 043 050 042 062 029 048 069 033 017 026 051
Yb 0.208 205 198 352 225 264 364 203 345 191 327 386 268 104 164 317
Lu 0.032 030 027 054 038 047 049 035 050 031 051 0663 037 016 0.26 050
Y 2.000 27.00 20.00 37.00 19.00 27.00 37.00 25.00 33.00 18.00 31.00 38.00 25.00 9.00 14.00 31.00

Total 5.29177.93 89.40 182.03 75.15 159.87 173.13 145.52 171.17 103.04 173.62 179.04 132.57 55.01 95.1 166.09
La/Lu 9.7 94.03 37.63 48.93 22.05 54.45 51.35 64.17 48.94 37.65 56.18 40.59 47.30 49.38 67.19 53.40

Ba/La 279 67.21 207 729 241 262 248 250 472 192 247 338 672 334 287
La/Th 4.0 25 2.4 2.1 2.1 2.8 2.0 2.2 2.3 2.2 2.3 1.6 1.6 1.6 1.8
La/Nb 2.0 0.7 1.6 0.5 14 1.2 1.3 1.1 0.7 1.6 2.3 1.0 0.6 1.3 1.9
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Fig. 2. Major oxides vs. silica diagram (Harker variation diagram) of the study area.
(Plus; Adamellite, Diamond;Andesitic rocks, Triangle;Wonhyosan tuff, Circle;Cheonsungsan tuff, Rectangle;Acid dike)
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Fig. 3. SiO; vs. Zr/TiO, diagram of the study area. Sym-

bols are the same as in Fig. 2. (After Winchester and

Floyd, 1977).
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Fig. 4. Na;0+K,0 vs. SiO; diagram of the study area.
Symbols are the same as in Fig. 2. (After Irvine and Bar-
agar, 1971).
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1981).
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Fig. 8. Ba vs. La variation diagram of the study area.
Symbols are the same as in Fig. 2. (After Gill, 1981).

1000 p=— T T T T T
100
3
E
'E S o

R R B B N R N NN

Fig. 9. Chondrite-normalized REE patterns of the study
area. Symboals are the same as in Fig. 2.

XTx &84
Pearce et al. (1984)2] S X Eo9] spiletR

& =AM 345 9l &3 ch(Fig. 10). Rbe
72~195ppm HHAZA F71Fe] QWoAdE AF

Vol. 5, No. 1, 1996

Forere | A L1l

1000 2000

n FE sl i
t 10 100
Yo N (pom}

Fig. 10. Rb vs. Y+Nb variation diagram of the study area.
Symbols are the same as in Fig. 2. (After Pearce ¢ dl.,
1984).
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Fig. 11. Rb/Zr vs. Nb variation diagram of the study area.
Symbols are the same as in Fig. 2.

(A;Primitive oceanic arc & continental arcs, B;Normal
continental arcs, C;Mature continental arcs, After Brown
e al., 1984).
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Andean arc, After Brown ef al., 1984).
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rocks, D;Destructive plate margin basalts and more dif-
frentiated rocks, After Wood, 1980).
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Petrology of the Cretaceous Volcanic Rocks in Cheonsungsan Area, Korea.

Jin Seop Kim* - Jong Gyu Sung”*
Dept. of Geology, Pusan Nat'l Univ., Pusan 609- 735, KOREA

ABSTRACT : This study reports petrography and geochemical characteristics of the Cretaceous vol-
canic rocks that are distributed in the vicinity of the Cheonsungsan area, Yangsan-Gun, Gyeong-
sangnam-Do. The Cretaceous volcanic rocks composed of andesitic rocks, Wonhyosan tuff, Cheon-
sungsan tuff in ascending order. Sedimentary rock is the basement in the study area covered with
volcanic rocks. These volcanic rocks are Wonhyosan tuff and Cheonsungsan tuff that represented
the early phase of the Bulgugsa igneous activity. Wonhyosan tuff are classified into dacite tuff and da-
cite welded tuff based on the rock texture and their mineral composition. They are covered with
Cheonsungsan tuff. Dacite tuff composed of lithic lapilli ash-flow tuff and vitric ash-flow tuff. Most
dacite welded tuff are lapilli ash-flow tuff. Cheonsungsan tuff overlying the Wonhyosan tuff consists
of rhyolite tuff and rhyolite welded tuff. Rhyolite tuff are lithic crystal ash-flow tuff and crystal vi-
tric ash-flow tuff with somewhat accidental fragments of andesitic and sedimentary rocks. Rhyolite
welded tuff is distinguished from rhyolite tuff by its typical welded fabrics and its rock color. Ac-
cording to petrochemical data, the volcanic rocks in study area belong to high-K orogenic suites. On
the discriminant diagrams such as La/Yb versus Th/Yb, these rocks falls into the discriminant fields
for the normal continental margin arc.

Key words : lithic lapilli ash-flow tuff, rhyolite welded tuff, high-K orogenic suites, continental mar-
gin arc, dacite tuff
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