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Petrology of the Igneous Rocks in the Goseong area, Gyeongsang Basin
IL Trace Element Geochemistry and Rb-Sr Radiometric Age

Yong-Joo Jwa*

ABSTRACT : The igneous rocks in the Goseong area are composed of the volcanic rocks (andesitic lapilli tuff and rhyo-
dacite), Bulgugsa granites (hornblende-biotite granite and two pyroxene granite) and intrusive andesites. In the variation
diagrams of the trace and rare earth element contents and elemental ratios as well as the REE patterns, the three igne-
ous tock types show different variational trends and patterns. The geochemical features represent that the igneous rocks
in the area were formed from three different magmatic pulses. Two indepenedently carried out Rb-Sr isotope ex-
periments for the Goseong granites show that the whole rock ages and Sr initial ratios of the granites are 66.416.2 Ma,
0.70517+£22 (20) and 71.316.8 Ma, 0.70506+ 18 (20), tespectively. These results suggest that the granitic magma ori-
ginated from the lower crustal materials of igneous origin intruded into the area during the late Cretaccous period. Ma-
san hornblende-biotite granite emplaced at the vicinity of the Goseong area is very similar to the Goseong granite in its
mineral compositions, major, trace and rare earth element contents and patterns. The intruding age (100 Ma) of the Ma-
san granite is older than that of the Goseong granite, however. The similarity of the geochemical natures but the con-
trast of the intruding ages between the Masan and Goseong granites possibly indicate that the magma generation from
the same source materials occurred at a temporal interval of ca. 30 Ma.
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Fig. 1. Geologic map of the Goseong area.
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Table 1. Trace element and REE compositions (in ppm) of the igneous rocks in the Goseong area.

Granitic rocks

CG2 CG2-1 CG4 CG5 CGb

PG2 PG2-1

PG3 PG3-1 PG4 PG5-1 PG6 PG6-1 PG7-1

Si0, 6691 6658 6597 6420 6561 6891

61.83

Ba 660 689 637 644 620 554 491

Rb* 184 209 186 17 166 224 1
Sr* 297 162 264 306 284 234 3
Y 327 217 35 378 295 27

Zr* 238 210 258 280 254 255 1
Nb 43 109 12 121 112 16
Th 20 183 224 205 209 229
Ga 271 301 336 319 33 30.3
Ni 10.7 46 185 8 5.8 4

Cr 58 71 96 125 83 74
Hf 08 22 25 2.7 24 19
Cs 138 138 124 97 122 20

Sc 104 102 122 16 104 9.1
Ta 017 12 09 057 13 0.68
Co 8.7 9.1 9.5 137 133 49
0] 34 38 4.1 44 38 39
Pb 255 239 161 289 131 374
Zn 301 495 288 448 12 151
Cu 279 156 112 157 64 21
Mo 089 059 0.69 1 084 08
La 416 35 406 428 378 357
Ce 832 707 825 82 791 733
Pr 9.5 82 97 104 93 8
Nd 335 283 347 377 327 28
Sm 6.4 53 6.6 74 64 52
Eu 116 106 114 12 118 092
Gd 4.9 4.4 53 6.2 51 5
Tb 072 063 079 092 076 071
Dy 41 3.7 4.6 55 43 4.3
Ho 0.8 074 093 111 089 086
Er 24 22 28 32 2.7 2.6
Tm 035 032 039 047 037 035
Yb 23 22 2.6 33 25 2.5
Lu 034 034 041 049 039 0.37

17
98
292
9
8.8
12
211
8
17.9
0.61
5.5
17.9
0.47
20.8
24
14.1
68.7
19.7
1.5
28.8
61.1
72
283
5.7
1.33
54
0.76
4.9
0.91
27
0.35
23
0.34

68.74 6049 6885 69.01 6820 6590 6547
564 475 502 514 560 531 510
264 104 224 206 185 172 173
132 439 221 242 261 302 299

281 262 256 226 226 22 228
217 196 219 210 226 230 228

9.2 7.5 8.5 8.4 8.1 72 79
221 132 241 238 239 202 217
27 28 272 256 284 286 263

3.7 105 18 24 21 2.5 2.6

86 141 4.1 4.5 43 5.6 6.2

22 08 2 2 23 1.6 2
11.9 46 101 167 123 135 12

91 153 7.5 6.5 6.4 8.1 83

061 08 077 11 083 0.6 0.81

61 165 44 4.8 5.8 8.5 7.8

43 2.8 52 5 54 4.1 3.6

36 143 748 151 914 291 273

60.1 661 117 36.7 985 571 518

112 249 154 38 125 109 108

1.1 14 24 0.7 0.5 12 0.54
348 289 36 348 326 316 303
! 622 735 689 665 641 628

7.6 74 8.2 7.7 7.6 7.3 7.3
28 293 297 279 219 275 216

53 5.8 5.7 51 5.1 5.1 53

088 128 093 091 095 107 105

4.9 54 5 4.7 4.9 4.9 5.2

068 078 074 068 0.7 072 075

42 4.8 4.5 4.2 43 4.5 4.7

081 094 087 079 08 087 092

24 27 2.6 2.5 2.5 2.5 2.8

034 039 039 035 037 036 04

22 27 2.6 2.5 2.6 2.5 28

032 039 038 03 036 037 038

* Elements analyzed by XRF method.
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Table 1. Continued. :
Intrusive andesite Rhyodacite Lapilli taff 3
PJ106 PJ106-1 PJ108 PI109 PJ101 PJ101-1 CG9 PG10 PI105 |
SiO, 51.97 55.17 55.67 58.54 69.79 69.78 69.99 68.47 65.54
Ba 208 262 306 396 731 665 700 547 347
Rb* 116 55 67 67 104 101 130 130 77
Sr* 457 543 575 305 234 235 181 182 433
Y 195 21 27.1 285 20.9 19.5 294 243 15.1
Zr* 11 117 151 184 213 213 222 228 267
Nb 45 34 9.5 49 7.6 73 7.7 6.3 4.1
Th 35 42 4.6 5.6 16.7 16 10.5 119 212
Ga 221 193 20.2 255 312 30 349 254 233
Ni 6.8 20.2 7.1 5.7 0 0 33 0 8.6
Cr 29.6 484 311 9.7 0.96 0 2.1 11 22,6
Hf 22 2.8 43 5 57 4 4.6 53 59
Cs 7.6 5 31 21 54 4.7 84 5.9 32
Sc 24.6 227 254 L2271 18 1.7 8 6 52
Ta 0.74 0.22 0.12 0.32 0.82 0.68 0.57 0.61 0.01
Co 15.7 24.7 18.2 17.3 0.34 0.33 41 3.5 53
U 0.74 1.2 12 1.5 3.9 4.1 2.8 31 32
Pb 18.4 38.3 9.4 272 18.2 175 17.1 412 18.5
Zn 100 156 72.5 152 52.5 59 9.3 72 483
Cu 25 4.8 22.2 60.8 0.69 0.24 18 6.5 8.8
Mo 0.23 0.11 0.94 0.41 0.76 0.47 0.18 0.51 1.91
La 15.7 138 16.7 18.8 34 333 276 20.7 37.6
Ce 334 30 375 429 69 66.5 55.6 42.6 76.1
Pr 43 39 5 5.7 7.8 7.4 6.6 5.2 85
Nd 18.2 16.3 215 239 29 278 24.3 20.5 311
Sm 4 38 5.1 5.4 5 4.8 4.8 43 53
Eu 0.99 1.06 1.35 1.52 1.03 1.04 1.04 1.06 113
Gd 39 4.1 53 5.8 4.8 4.8 4.4 4.7 5.6
Tb 0.58 0.64 0.81 0.88 0.71 0.73 0.71 0.76 0.76
Dy 3.6 4.1 5.2 5.8 4.6 4.5 43 4.9 4.6
Ho 0.72 0.82 1.08 1.17 0.95 0.92 0.89 1.02 0.9
Er 21 2.5 34 36 3 28 27 32 2.6
Tm 0.27 0.32 0.47 0.5 045 0.45 0.41 0.47 0.39
Yb 1.9 24 33 36 35 31 29 35 2.7
Lu 0.27 0.34 047 0.55 0.52 0.44 047 0.53 0.38

Table 2. Rb-Sr isotope data of the granitic rocks in the Goseong area.

Sample Korea Basic Science Institure Geological Survel of Japan
FS1/481® Rb (ppm)® Sr (ppm)® FRb'Sr® “St/°Sr®  Rb (ppm)® Sr (ppm)® RbASr®

CG2 0.706820+8 180.9 2725 1.9205

CG4 0.707123+6 185.3 250.3 2.1418

CG6 0.706737+9 160.8 274.3 1.6959 0.706790+7 166.1 284 1.6920
CG2 0.707787+6 2135 266.6 23170 0.707862+9 2244 234 2.7746
PG2-1 0.706016+8 105.3 353.7 0.8612

PG3 0.710485+6 2524 127.4 5.7336 0.710564+7 263.5 132 5.7772
PG3-1 0.705622+7 98.6 412.6 0.6913 0.705675+6 104.4 439 0.6879
PG5-1 0.707468+7 201.1 240.6 24182

PG6 0.707042+6 180.1 254.8 2.0449 0.707199+7 184.8 261 2.0485
PG7-1 0.706816+8 164.1 288.0 1.6484 0.706869+7 1725 299 1.6691

®. Standard deviation by 2 singma.

®: The value of NBS987 during experiment was 0.71021; ®; 0.71025.

@: Analyzed by isotopic dilution method; ; by XRF method.

®. Uncertainty is below 1%, ©; Below 5%
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Fig. 3. SiO, versus trace element variation diagrams of the igneous rocks in the Goseong area. Symbols: solid triangle, vol-
canic rocks (lapilli tuff and rhyodacite); circle, granitic rocks; solid square, intrusive andesites.
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Fig. 3. Continued.

Z2AFL 66.416.2 Ma, 0.705171+22 (26)0]H, & X
AZAI29 ABEZREE 71.3+6.8 Ma, 0.70506+18
(20)0] Qojzlt}. o]gA EHoz 73 F A B
Sr ZARELS 22 oA wl$¢ & I3} o] 2
e ARG AU A vlanke o Z9ER
o] 34d71e] BEA Zto| 9l 31, FYAZ] & Welr)HolYl
&< 7RI

g9, o] 3Rl g K-Ar 3-¢% AuiE 61~64
MaZ Rb-Sr ALAh 9} A9 fARIY (83, vbgn],
1996). Rb-Sr Ao} K-Ar ELRAU} Y=
HALx9] 2jol7} tigk 300°C A=Y mEldhd mA
AGe) FdFE S wE S YA YL &
g Utk

IR AR BS K-Ar Agddiz} 51~59
MaZ 7t2ith (#8-5, ¥bgn), 1996). M7 37
UFET HA BEslgong o K-Ar HAMAUE 3}
29 whmke] Bl 93 EAQ Jgoz FojA A
ojn, sMHEEL Holk gAUFe YA 66~71
Ma®r} o]Hd Aolt},

TR Fe] FZFole vlatebA|, AsotA @ Fakelx|
9 LAV BE3tm Q) 018 SN nAR Y 5}
479t FARRE Rb-Sr AYgAte} Sr 2AHE Hol=
AL LA &= 374t (70546 Ma, 0.70497+
6), FALAY FF LR AU (70.6+4.2 Ma,
0.70531+29)# FE Z&= 373 (68.8434 Ma,
0.70579128) F°l Ut} (Lee, 1991). TR HEL 33}
A, FAx GelM Welr) do)] Aol EAl7|HQ 317
dFel #Yel YA, vlante] ZYERAE FARLS0|

1000 ——————+r
[ A a
Al
& n
]
]
NS ST BT ST | . MR
10020 100 500
Rb
1000 ——————r
1 |
% o® g9
A
[ @Qbo
A A O
A o}
[ S SRR | L PR
10020 100 500

Rb

Fig. 4. Rb versus Ba and Rb versus Sr variation diagrams.
Symbols are the same as those in Fig. 3.

ARt 22 npdekA ] 44X -3 kel A
% 100.1£7.1 Ma®} 0.70489+125 JJehflo] Sr 2A3;
< A8 HellA FARRIE, BdAtidls < 30 Ma
o] Aolzt Uk A AAEA 9 FEEAGAME 70
Ma HFe] fA71de] 37kekd wiavle] @Al wf$
goglont, aET oA S0 AR Igol A A

DR ZHMA S22 sl2elo] Hlm
A G §F EEste vPigHE ZN-Een
7

ek vl st e R o] FojRith o] FollA 7ty
A SRR Y 29X LR} rAHes




480 %

1000

T 1T 11 10 1T T 1T 1779

T TTTTIT

100

T
L1

10

Sample/C1 Chondrite

T

I|lll||||l|lll||
La Pr Eu Tb Ho Tm Lu

Ce Nd Sm Gd Dy Er Yb

1000

1 r 1 11 tr1r T T 1T 71Ty

; (7]

160

T Ty

10

Sample/C1 Chondrite

T

I T |

La Pr

N TN T S TN Y OO o

Eu Tb Ho Tm Lu
Ce Nd Sm Gd Dy Er Yb

o

2
z
1000 E 1 1 T 1T 11T I 111110 3
g <
£ [
=
= 3 ]
0 r ]
- C
Q L
2 |
2 10¢ E
g 3 3
< r 4
R [
VR T T I N Y N TN N T S |
La Pr Eu Tb Ho Tm Lu
Ce Nd Sm Gd Dy Er Yb
1000E T Rt B B N B O B
Fd ]
e [ i
x i )
2
g 100 ¢ E
o E 1
&) r ]
- r b
% 1
=2 10 3 3
g 3 1
“ - -
w2 + J
| N U SO S5 U N SN N Y T SN PR S S |
La Pr Eu Tb Ho Tm Lu

Ce Nd Sm Gd Dy Er Yb

Fig. 5. Chondrite-normalized rare earth element (REE) patterns. (a) volcanic rocks, (b) intrusive andesites, (c) granitic rocks,
(d) Masan hornblende-biotite granite. Normalization values for C1 chondrite were cited from Sun and McDonough (1989).
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