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A Geochemical Study of the Alkali Granite in the
Kyeomyeongsan Formation

Jin-Seop Kim*, Meong-Eon Park** and Gun-Soo Kim*

ABSTRACT : The alkali granite occurred as small stock and dyke is distributed in the Kyeomyeongsan Formation in
the vicinity of the Chungju city. Geochemical characteristics in major and trace element of alkali granite in the Kyeo-
myeongsan Formation indicate that the alkali granites are peralkaline and have similar geochemical features to the A-
type alkali granite. The rock enriched in HFSE such as Zr, Nb, Y, REE etc. According to the discrimination diagram
the alkali granites mostly belong to the within-plate granite field, and to the A, group of A-type granite. This suggests
that they might be emplaced in a extentional rift environment. The alkali granites are characterized by remarkably high
total REE content, and enriched, relatively flat to somewhat HREE-depleted patterns with large negative Eu anomaly.
The Sm-Nd age of the alkali granite is 33830 Ma with €y, beings -7.3 to -8.5. On the basis of the geochemical stu-
dies the source magma was derived from a enriched mantle-like source and had a few or clearly interaction with sialic
continental crust. In conclusion, the alkali granitic rock of the Kyeomyeongsan Formation might be formed from the
high F peralkaline magma that was emplaced in continental rift environment, and generated at the early Carboniferous.
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Fig. 1. Generalized geologic map of the study area.
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Fig. 2. Triangular diagrams of modal quartz (Q)-alkali feld-
spar (A)-plagioclase (P) for the alkali granitic rocks. 1; Al-
kali feldspar granite, 2; Quartz alkali feldspar syenite, 3; Al-
kali feldspar syenite, 4; Quartz syenite.

Table 1. Modal composition of the alkali granite in the Kyeomyeongsan Formation (in volume %).

Sample no. Cl-21 Cl-22 CJ-31 Cl-32 CJ-33 Cl-41 Cl42 Cl-43 Cl44  CJ47
Quartz 335 29.5 13.7 16.7 9.6 423 317 383 30.5 52
Alkali-feldspar 58.1 623 70.9 70.5 712 56.4 574 55.6 582 889
Plagioclase 6.4 58 9.5 7.1 10.1 0.6 13 29 75 23
Mafic mineral 1.6 0.1 3.8 32 1.1 0.4 25 19 12 12
Accessary mineral 03 0.5 0.5 0.7 0.8 0.2 0.6 04 0.2 15
Opaque mineral 0.1 1.8 1.6 1.8 12 0.1 0.5 0.9 24 0.9
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Table 2. Microprobe analyses of the K-feldspar and Plagioclase for the alkali granite.

K-feldspar plagioclase

SiO, 64.48 64.20 64.38 64.94 64.10 67.72 66.59 67.90 68.40
AlLO; 18.41 17.65 17.92 17.65 18.13 18.77 18.93 19.39 19.58
Na,0 0.45 0.59 0.59 0.54 0.89 11.14 10.97 11.21 11.04
K0 1751 17.21 16.27 17.00 16.71 0.29 0.17 0.00 0.18
Ca0 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00
Sum 100.84 99.66 99.15 100.13 100.18 9791 96.65 99.04 99.20
Formular (0=8)

Si 298 3.00 3.01 3.01 2.98 3.02 3.00 2.99 3.00
Al 1.00 0.97 0.99 0.97 0.99 0.99 1.01 1.01 1.01
Na 0.04 0.05 0.05 0.05 0.08 0.96 0.96 0.96 0.94
K 1.03 1.03 0.97 1.01 0.99 0.02 0.01 0.00 0.01
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
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ot FE] B ¥4 EDS (energy dispersion mode) 2.
2 3lon, ¥4 21e 71449 (accelerating voltage);
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0.33~0.369] H912 Z& 2 9D &3 (Table 6). 2
AN F HMLE Ca Aol TR, Z44L tscher-

makitic hornblende$} tschermakited] &350, A&

diopside®} hedenbergite & o ArFch
(Table 2).
M X| 55
AUy

A A5 987 nlFda B2 7129829
T4 A PhilipsAle] XRF (X-ray Fluorescence Spec-
trometry/PW 1480)$} ICP/MSE AMgsld HAsigo
o, BXA 2FAEE A7) A3 AY, AF 2de Ag
40Kv, A5 30 mAolth. ZFdl o]&€ EFEEAL v

Table 3. Microprobe analyses of the biotite for the alkali granite.

SiO, 39.69 39.32 39.86 38.87
ALO; 11.77 11.30 11.90 11.62
TiO, 0.45 0.44 0.38 0.65
FeO 15.62 15.23 14.83 15.46
MgO 16.19 15.66 16.53 15.67
MnO 0.94 0.53 0.58 0.59
Na,0 0.31 0.27 0.26 0.00
K0 10.65 10.19 10.66 10.45
Sum 95.62 92.93 95.01 9331
Formular (0=22)

Si 5.98 6.07 6.00 5.99
Al 2.09 2.06 211 211
Ti 0.05 0.05 0.04 0.08
Fe 1.97 197 1.87 1.99
Mg 3.64 3.60 3.70 3.60
Mn 0.12 0.07 0.07 0.08
Na 0.09 0.08 0.08 0.00
K 2.05 2.01 2.05 2.05

39.93 40.15 39.07 39.30 39.45 39.70
11.32 12.32 11.63 11.84 11.81 11.88
0.58 043 0.44 0.00 0.61 047
15.53 14.15 15.00 14.07 14.20 14.68
15.57 15.52 15.67 15.71 16.07 15.93
0.63 0.81 0.84 1.01 0.88 0.91
0.00 0.00 0.27 0.32 0.41 0.39
10.64 8.94 10.08 10.15 10.52 10.56
94.18 92.32 93.01 9238 93.95 94.52
6.09 6.13 6.02 6.07 6.01 6.02
2.04 2.22 211 2.16 212 212
0.07 0.05 0.05 0.00 0.07 0.05
1.98 118 1.93 1.82 1.81 1.86
3.54 3.53 3.60 3.62 3.65 3.60
0.08 0.11 0.11 0.13 0.11 0.12
0.00 0.00 0.08 0.10 0.12 0.11
2.07 1.74 1.98 2.00 2.04 2.04
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Table 4. Microprobe analyses of the amphibole and pyroxene for the alkali granite.
amphibole pyroxene

SiO, 44.71 42.89 42.23 44.45 44.41 51.24 50.33 50.46 51.16 51.25
ALO; 7.11 7.90 8.22 6.71 751 0.93 0.72 0.80 0.61 1.28
TiO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 19.41 19.90 19.79 18.81 19.56 15.30 16.71 15.49 14.94 14.78
MgO 9.77 9.52 9.29 9.91 9.85 8.78 7.77 841 8.42 8.08
MnO 0.92 1.01 1.00 1.16 1.02 0.63 1.14 1.25 0.75 0.78
Na,O 1.88 2.19 2.18 1.96 1.98 1.91 2.13 1.71 2.07 272
K0 1.52 1.69 1.38 1.27 1.29 0.00 0.00 0.00 0.00 0.00
Ca0 10.87 10.84 10.67 10.49 10.79 19.70 20.07 20.23 20.02 19.10
Sum 96.18 95.94 94.75 94,76 96.40 98.48 98.87 98.34 97.96 97.95
formular (0=23) formular (0=6)

Si 6.95 7.07 6.71 6.99 6.89 2.00 1.99 1.99 201 2.01
Al 1.30 1.46 1.54 1.24 1.37 0.04 0.03 0.04 0.03 0.06
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 252 2.62 2.63 247 2.54 0.50 0.55 0.51 0.49 0.49
Mg 2.26 223 220 2.33 2.28 0.51 0.46 0.49 0.49 047
Mn 0.12 0.13 0.14 0.15 0.13 0.02 0.04 0.04 0.02 0.03
Na 0.57 0.67 0.67 0.60 0.59 0.14 0.16 0.13 0.16 0.21
K 0.30 0.34 0.28 0.25 0.25 0.00 0.00 0.00 0.00 0.00
Ca 1.81 1.83 1.81 1.77 1.79 0.82 0.85 0.85 0.84 0.80
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K:0, K:O/Na,0 ¥

(F6203/F60+F6203+Mg0) H]

2 A]#=)= MBH analytical®] ¥2E3 127]0]ch. Nd%
A 24 4L J8 =pulhe x| 1ot 23] Fin-
nigan MAT262RPQ (nine Faraday cup collectors) 2%
4718 AMgsl] EREith 23" 2994
(*Nd/"™Nd)= "Nd/*Nd=0.72192 7F23} (normalize)
Sttt Lajolla EFAIE] the Nd/“Ndwle] zhe
0.511854+9 (2om)eltt. ¥&H Sm¥ Nd& HPLC
datadl] 2731} EA) Mg o 2 A2t

“Sm/*Nde} 23He +0.3% (10)Ec} £l 350
(Na, 1994), **Nd/*Nde] 2= A2 H7#+0.003%
(16)olt}. FA1A Ad) (isochron age):= Kullerud (1991)
o] H2AH “'Sme] B934 6.54%10% yr ! (Lug-
mair, Marti, 1978) ©]-&-3l] AlXlstArt. BA44 9] o]
olete] &g MSWD th4l goodness-of-fit(R)Z v}e}
WAch.

FHE 29 D1E AL

ItE] el FAE 92 2 uF da e
Table 59 Jehlidcl. gole] S24e 68.70~76.30
wt.% SiOy, 7.35~14.75% AlOs, 0.71~8.13% FeO* 2 H|
o3 5e 97lE] FF (6.25~9.96%)S A, =L
K;0/Na,0 (1.65~5.31)3t°] §A 2 oltt. 348 Qi)
242 ¥& Ca0, Mg0 2 ALO,, I8l1 B8 NaO+

(0.55~0.64)8 HolFo2X A-¥ 374 (Ishihara,
1988; Loiselle, Wones, 1979)7 fAtet S4& vehdc),
FHE BER PUEHE 4o gL HHor L
Fe] 85%8 AAIRITL A-8 3deke &3] gt o)
HERAL-EF FES Fiksler ol B A9 g}
2] 3 WM & SRS 3 B4R 28
B IAEFALE hdte BB A9 & 13ddn.

Winchester, Floyd (1977)7} A<+t SiOo thgh Zr/
Ti0, XA d7le] gL F2 FEAIHNE
(rhyodacite)t &< (rhyolite)o]A] HU7ta g2k
EE Hd2HeE xYsle ZAIO|E (comendite)-
#d2|g}o]E (pantellerite) Gl TAIET} (Fig. 3).
dFuv Eshzo] AT BF (streckeisen, 1976)
of Slshd £ o] 471 ALe HLFot (per-
aluminous)oll Al L7} (peralkaline) 374t Aol
AFH (Fig. 4), 28 FolA FEHQ acmited] ZA)
= M7 mloanle] EA4E ukgdin). o]s Ao &
7}l vlaete] 4L ofgle) mEF Yae) 2 o8
E 9A AN Ech 3w ¥L Ba, Rb R @& Sr3targ
Holw, & Zr (88~2043 ppm)¥ Hf (2~53 ppm) ¥
%, 183 QA & Ta, Nb, Y 2 Cedt 22 HFSE
(high field strength elements)®] 38k 7F=ic),

7t S Fr19 AU o B, =
AR W] W&ol o] F4o] & gle] 9AES
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Table 5. Major and trace element abundances of the alkali granite.

Sa:(‘)"le Cl21 Cl22 Q131 CI32 (133 CI34 Cl41  Cl42  Cl43  Cl44  Cl45 Q)46 CJ47
Si0, (%) 7630 69.85 6870 7021 7128 72.62 7336 7368 7315 70.89 7305 7400 7152
TiO, 0.01 0.23 0.16 012 017 0.07 0.20 0.27 0.41 0.43 0.39 0.45 0.24
AlLOs 1213 1475 1453 1449 1364 1417 1359 10.16 7.35 8.58 883 10.01 1040
FeO* 0.71 2.67 2.89 2.08 2.71 2.08 1.55 3.90 6.41 8.13 6.33 3.98 6.66
MnO 0.01 0.50 0.39 022 0.41 0.20 0.11 0.28 1.45 0.71 0.38 0.36 0.38
MgO 0.01 0.04 0.03 0.05 0.03 0.04 0.02 0.07 0.16 0.12 0.09 0.11 0.06
Ca0 0.17 1.22 2.08 1.84 0.73 1.40 0.28 1.08 2.68 1.90 1.74 1.32 0.17
Na,O 248 2.64 299 4,01 1.75 4.08 1.70 2.69 1.83 2.46 233 1.21 1.51
K;0 6.62 6.64 494 4.71 7.88 438 8.26 4.71 442 453 4.11 6.43 5.96
P05 0.01 0.07 0.10 0.07 0.05 0.03 0.04 0.02 0.05 0.04 0.02 0.02 0.01
LOIL 0.44 1.21 1.35 2.07 1.20 0.92 0.71 0.94 1.06 0.80 0.84 0.63 0.61
Sum 98.80 99.82 98.16 99.87 9985 9999 9982 9780 98.67 9859 98.11 9852 9752
Ba (ppm) 221.06 1250.85 841.88 758.61 1198.27 680.04 684.71 43245 351.15 236.02 54.19 45215 230.61
Rb 17045 164.03 123.74 24.82 1448 12273 160.59 123.04 9267 167.64 3316 23720 178.23
Sr 2803 193.77 168.99 14362 17202 158.64 5047 10820 81.75 4104 1617 7719 2357
Ta 10.69 12.09 10.53 4.56 7.98 654 1221 3749 99.13 7316 1456 12406 71.75
Nb 7620 169.36 9870 3645 87.83 5512 178.00 324.86 54435 80476 33296 912.78 604.50
Hf 3.67 119 211 745 523 235 1145 1835 37.63 5238 4757 4371 4205
Zr 129.72  87.96 10143 230.87 162.13 68.54 378.08 715.65 1429.94 2042.82 1562.40 1704.69 1724.05
Y 66.80 92.02 8812 2542 66.35 4244 15400 176.11 243.60 52738 315.64 47489 37325
Th 3246 1691 2368 11.37 27.18 25.83 6552 12850 276.68 258.70 206.32 277.60 251.53
18] 8.40 1.14 2.75 1.62 0.96 3.61 9.66 2595 9671 7470 4423 7028 42.74
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Fig. 3. SiO, vs. Zi/TiO, diagram of Winchester and Floyd
1977).
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EFY4 ¥ (129.41~4022.08 ppm)o] EAHolH, 7}
& Eu ¥ (1) o] (Ew/Eu*=0.16~0.59)< 7}x)= Al
Ao ZFIEFUA (HREE)7H tha A2BH (Ce/Yby=
1.07~9.59) 3Pt (flatted) S BT} sESYA
Fe B JEFYAV) 5] B3lE Aw oir 2
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547 g xAd AT HdE s o]S sES
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Fig. 6. Chondrite-nomalized rare earth element patterns of
the alkali granite.
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A "Nd/*“Nd ¥ 0.5119458~0.5124847°]1, Sm/
Nd ¥]¢] ¥ 0.13~0.52 o|t}. H]E EAgA 93}
= T Holx|gk (R*=0.988) &4 AlBo] tjat Aot =
A Aol 338130 Ma VeI (Fig. 7). o] dgs
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Table 6. Rare earth element (REE) data of the alkali granite.

Sample no. CJ-21 CJ22 CJ31 CJ-32 CJ33 CI34 Cl41 CJ42 CJ43 Cl44 CJ45 Cl46 CJ47
La (ppm) 23.08 5510 6263 2816 9569 7472 12370 203.80 300.30 503.60 428.50 674.00 581.00

Ce 5848 9517 137.04 57.06 139.84 11841 129.50 632.60 936.00 960.01 1023.60 1358.00 1333.40
Pr 9.14 1040 1396 6.85 2028 1732 1645 7613 11851 11427 11864 18522 13237
Nd 37.54 3767 5270 2422 7017 60.17 61.70 31048 - 801.90 85240 501.17 909.69 638.94
Sm 7.64 753 1178 347 1279 955 2316 73.67° 198.86 23696 98.95 231.78 138.72
Eu 0.58 1.49 133 088 1.67 113 313 426 1244 1217 522 1296 747
Gd 6.89 817 1317 328 13.18 9.07 3628 7712 225.14 24438 9501 124.83 138.72
Tb 1.27 1.50 234 044 2.20 1.45 9.00 1438 4909 4012 17.82 3858 24.66
Dy 7.69 936 1610 214 1244 795 5855 8997 293.08 24241 9850 21633 15240
Ho 1.53 1.76 357 030 225 134 1231 1809 5554 4719 1806 3892 31.50
Er 5.35 585 1044  1.08 7.14 350 3488 5636 15255 12121 4642 110.66 91.35
Tm 0.83 0.86 154 017 0.97 052 515 717 2370 17.86 694 1689 1397
Yb 5.65 5.01 8.65 117 5.46 316 30.88 4222 13192 10290 38.06 9321 82.07
Lu 0.77 061 125 019 0.66 0.44 3.86 494 1681 1237 477 1101 9.23
ZREE 166.44 24048 336.50 12941 384.74 308.73 54855 1611.19 3315.54 3507.85 2501.66 4022.08 3375.80

(Ce/Yb)n 2.65 4.86 405 1248 6.55 1.07 1.07 3.83 1.82 2.39 6.88 3.73 4.16
Eu/Eu* 0.25 0.59 0.33 0.81 0.40 0.33 0.33 0.18 0.18 0.16 0.17 0.24 0.17

Eu*: Eu values derived by interpolation between the values of Sm and Gd.

Table 7. Sm and Nd concentrations (in ppm), and Nd isotopic data for the alkali granite.

Sample no. 143Nd/144Nd Sm (ppm) Nd (ppm) 147Sm/ eNd(0) eNd(t)** T2DM (Ma)*** Age (Ma)
(2s)* 144Nd
CJ-21 0.5120440(9) 7.64 40.54 0.1134 -11.59 -8.03 1441 335
CJ-22 0.5120879(8) 7.53 37.67 0.1203 -10.73 -7.47 1395 335
CI-32 0.5120523(9) 3.98 24.22 0.0989 -11.43 <725 1400 335
ClJ-31 0.5121560(7) 12.18 46.89 0.1564 -9.40 -7.68 1344 335
CJ-34  0.5119458(6) 8.55 65.24 0.0789 -13.50 -8.47 1499 335
Cl-42  05124151(9) 173.22 381.34 0.2734 -4.35 -7.64 1765 335
CJ-44 0.5124847(8) 434.12 831.03 0.3144 -2.99 -8.03 1692 335

* Nomalized to the “Nd/"“*Nd ratio of 0.7219.
**.eNd(t)=[{(**Nd/*“Nd)sample/0.512638}-1] X 10*; ages used in calculation is 335 Ma.
¥** T2DM=1/A Inf1+{("*Nd/*‘Nd)sample-0.513114}/{("’Sm/**Nd)sample-0.222}], A=6.54X 10™/y.

Rb DePaolo, 1979}l 9J3) @3] EFHASS A3
Nd 9194 A3}= (isotope evolution diagram): Sm-
Nd zdd® o 2 ¥ 993 (source age)o]
A 7P € B E,

2y % BEA Ndo] &el=lo] xzof AN Al
tog 7ted S glow, FALA Y 17)X]2 AgaA
£ o)) 0}——'3] °o]-¢%7%= %t} (Depalo, Wasserburg,
1976; Jacobsen, Wasserburg, 1979). ¥}e] 873¢tel
Na=® 9% (two-stage Nd model ages (T,”))<
Jacobsen (1988)9] A4HA-E o] &84 LY <k
1.35~1.76 Ga®] M4 & Hoh o] & Na(1994),

I
wvzvvvv

e A

Ba Sr
Fig. 7. Rb-Ba-Sr temary variation diagram for the alkali
granites. I; Diorite, II; Granodiorite and quartz diorite, IIT;
Anomalous granite, IV; Normal granite, V; Strongly dif-
ferentiated granite.

Lee (1991)] <3 AA1€ A74xelo}7] slwbetel 7]
Hokeh B Ava Hrleh B4 (2.6~21 Ga)sh
S el FAY FFLR (17-22Ga) B} Bo
S WHRAG (2705 13-17 6o $40 48
uel,
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2 AR (Ce/Yb)y (BT 3.36) Bl7} A} (5.54) K1} T
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FE7t ok, S9do 2o 3] AERAdLE T
BAolg 299 5% A9 Aoz WA} JERY
29 A FF D Eu # () o)) 719} tha u|4g 5
EFdL EXPIE AEFALT} 5T Mol AgR
oz FElo ¥3aE, 55 FA9] A RalaL
AT AL A @ o3 e JEFQLI) F
g &7t B3ee) e Ba, SrEtg @ =& Rb/Sr v
M= XA} (Fig. 7). 28], B3l gtowg
&7te] 317 (REE-bearing alkali granite)e] & %8
Efedae] B35 49 £ Qivk gole sl =
AERYRS] F3= Lol At vhanhye me
E4 (F) 29 292 39t s, ulao) v
A B4 BFE (fluorine activity)®] 271 g234rg
(depolymerization)& oF/1A171 2 1 Ax} FiHd 884
N B EFUL Hls] JiF oz 2IEFUYLE T
B {57 Wj2olct (Taylor, 1984). £& F ke mgt
BNl EAS} Zr, Nb, Y 22 HFSES] %2 F50] o
A AAED). SERAAT F59 Wl grdetol
o FHEFALY Rale AFa ge) HojRe] ZA)s},
vlaaele Ao} e BA (F) Fo] 223 Age A

@7ke ek AFaes A7 357

0.5130
Initial ratio = 0.51181 + 0.00001 (RA2 = 0.989)

0.51287 150chron age =338 +30 Ma
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Fig. 8. Sm-Nd isochron diagram of the alkali granites in

the Kyeomyeongsan Formation.
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Fig. 10. Y-Nb-Ce plots for distinguishing A, and A, gran-
ites (Eby, 1992).

g 330M FAXE, B4 (F)7F F523 &7l nlaa)
ZRE PP YL AAF oHd Adae
Cluzel (1992)3} Kang (1994)9] Al AE 3143 2H-2-9] 3
A3 dxEnt. @7tE sPddel tig Nds$dd: BA
A ddlE 338 MaE Roled), ol AP4ts Hdlael
DA wtube] & ARkt o] ddle A W9
U4 Bge BsArl (4, A2, 19959
Z A gk

U 2 SEE dEide I9S HARd
AR B 3 B A EoA A EEolrle] sl Hmvlet
7} 7 anlele| EE Bt AE3he 9 kA7)
IAY F712 A o, o] Al71e] s B
L AR omn|a7|dA 312 Aekyld A3 tEZE 7

N
SRS

7ol B 78 FH yliy|o o|28] A& HAZ L]
NALE Gotd HARA g A7k A AHFY] &
Aoz A9 ub 9tk (Yun, 1978). 38 Hlloxel 1
A S EEe FAEI, BAEFA, GAERA 2
Tl o] ARl LA o, F2 S HlE
71oA AR HE7|4 &3tk (Geology of Korea; N.
Korea, 1990). o] & #H&712 g7 B72E3A W 3t
7FeorActe] Al 361Mas 39 ul glen, vl
2YE 2 e d5RY 39 TR FulEe
AR719 ARGA viaslzRE FAHATTD A3
o} H7-23A Y BRI S F2 Gkl 6
23t AAeto] it H, o5 Az AlA ARGE
7R3 Ao, HEFAA, Nb 2 A28 S d/3te
o] gk}, o)g) o] Ejutete] AW vhanElF

§ 93 272 3704 F2 2o, gRd
A B2 B3itea 9H FHEAe] st

N

a4 B

1. AR o] Bxshe g7t i) F4E 2
v f40] sty B gt B HE7H vt
anke] 548 A Ak

2. 97te] e A7z PN TR Bkt
9 (within-plate granite field)ol =A=H, A% 317
¢ ER=oA &8 873 (extensional environment)l
A AR E A o) EAE ukddle A, ol FHTL

3. 47te e Add] B8 I EFYL T 9
3 EAANA, 28 Eu # (-) o3& Ze FHER
94 (HREE)7I vh4 ZA¥E B3 P JERLL
X oPFe st

4. &7t 37kl Uit Sm-Nd A4 dole 338+
30 Ma, enaw= -7.39014 -8.57FA W E Bt oA
Z7] evld dA=E oY, 29ntanirt 28 &8
3 3t WEAA FAHJAY, vkantd] e =5
W& 4 EZd o] 33 EQE mante] £ A
Al gkt

5. A7 SAelA dojxl Nd B A%3H-L 1.4~1.8
Ga®l M2, A obr] 71l 737) HAviel B3
U Aat Avjgl B34 (2.6~2.1 Ga)o} S Wl9 F
A S72LF (1.7~2.2 Ga) B} o], &4 HAEZ
oF (33835 1.3~1.7 Ga) fAF3 3k Bl

6. ARAAE Ulo 47l sdde) A siexy 2
Nd E91€94 AEL 0|5 ¢Mo] & EAE Fidhe

U5 G5 404 A8 o viani2RE 34 5



= 7Fsd & AlARITh
AL A}
& 97e ATEAd d7AE (19973)9 s

FAD (95~97)00 o8 A=l om, ojo] A4 Ate)
F3},

]

a8

AT (1992) date] A8 TRl A7ty o
T. BIAA, 259, p. 435-446.

71, olZt (1965) 1/5% 2FTZ AHEA 9} 2|2
EATE SRR R, G2

BSE (1968) FF-277e SAAY 2X 9} 72, B4kA]
A, 19, p. 36-46.

AEE (1970) 9T FHAG Y AT )72, BRI,
23, p. 73-90.

W%, 192, o] B8R, o] 44 (1982) £32w AA=Z
9] ¥l A7, B4R, 153, p. 177-188.

g, 24 (1998) FFA9 APAZul o) 3| avlelole
o #HHE febE, BEF B4 7 @ B2t
A7 19973 AP EAY AT R QFa) B,

g, A2 (1995) $FAY S EFDALe] A9 AaA
Het Aseby 54, AR Aers], 289, p. 599-
612.

S, BEF (1994) FFA9 Agatae) xshety =4
ol A3 A7, F=gA 83 A3 H7) L H3] QbR
ol (1974) SHA A A AA o Tt A7 AM=2,

11p.

Bonin, B. (1990) From orogenic to anorogenic setting:
Evolution of granitoid suits after a major orogenesis.
Geol. J., v. 25, p. 261-270.

Boynton, W.V. (1984) Cosmochemistry of the rare earth
elements: Meteorite studies. In P. Henderson (ed.)
Elsevier Science Publishers B. V., p. 63-114.

Brown, G.C., Thorpe, R.S. and Webb, P.C. (1984) The geo-
chemical characteristics of granitoids in contrasting arcs
and comments on magma sources, Jounal of Geological
Society of London, v. 141, p. 413-426.

Cluzel, D. (1992) Ordovician bimodal magmatism in the
Ogcheon belt(South Korea): an intracontinental rift-
related volcanic activity. Jour. Southeast Asian Earth
Sci,, v. 7, p. 195-209.

Cluzel, D., Cadet, J.P., Kim, D.H., Hwang, J.H. and Lee,
BJ. (1991) Early Paleozoic geodynamic evolution of
the Ogcheon belt(South Korea). Stratigraphy and tec-
tonic setting of the Ogcheon Supergroup. In Cluzel, D.,
(ed.), Ph.D. thesis, The Ogcheon belt (South Korea)
summary, p. 51-68.

Collins, E.J., Beams, S.D., White, AJ.R. and Chappell, B.
W. (1982) Nature and Origin of A-type granites with
particular reference to southeastern Austrailia, Con-
tributions to Mineralogy and Petrology, v. 80, p. 189-
200.

Creaser, R.A., Price, RC., and Wormald, R]. (1991) A-
type granite revisited: Assessment of a residual-source
model, Geology, v. 19, p. 163-166.

I

7tel e A7aen Ay 359

DePaolo, D.J. and Wasserburg, G.J. (1976) Nd isotopic
variations and petrogenetic models. Geophys. Res.
Letter, v. 3, p. 249-253.

Eby, G.N. (1992) Chemical subdivision of the A-type
granitoids: Petrogenetic and tectonic implications,
Geology, v. 20, p. 641-644.

Floyd, P.A. and Winchester, J.A. (1978) Identification
and discrimination of altered and metamorphosed vol-
canic rocks using immobile elements. Chemical Geol-
ogy, v. 21, p. 291-306.

Geology of Korea; N. Korea (1990).

Ishihara, S. (1988) A type granitoids and REE ore de-
posits. Chishitsu News, no. 409, p. 6-24.

Jacobsen, S.B. (1988) Isotopic constraints on crustal
growth and recycling, Earth and Planetary Science
Letters, v. 90, p. 315-329.

Jacobsen, S.B. and Wasserburg, G.J. (1979) Nd and Sr
isotopic study of the Bay of Islands ophiolite complex
and the evolution of the source of mid-ocean ridge
basalts. J. Geophys. Res., v. 84, p. 7429-7455.

Kang, J.H. (1994) Geological Structure and Tectonics of
Ogcheon Zone in the Chungju-Jangseonri Area, South
Korea. Jour. Sci. Hiroshima Univ., Series C, v. 10, p.
11-23.

Kim, H.S. (1977) Mineralogy and petrology of the Pre-
cambrian iron deposits, Korea. J. Geol. Soc, Korea, v.
13, p. 191-211.

Kullerud, L. (1991) On the calculation of isochrons:
Chem. Geol.,v. 87, p. 115-124.

Lee, CH. (1986) Stratigraphy and depositional en-
vironments in the Ogcheon Supergroup with the spe-
cial consideration on the carbonate key deds. Dr.
Thesis, Univ. of Tsukuba, Ibaraki, Japan.

Loiselle, M.C. and Wones, D.R. (1979) Characteristics
and origin of anorogenic granites. Abst. W. Prog.
Geol. Soc. America, v. 11, p. 468.

Lugmair, G.W. and Marti, K. (1978) Lunar initial 143Nd/
144Nd; differential evolution of yhe lunar crust and
mantle. Earth Planet. Sci. Lett., 39, p. 349-357.

Nakamura, S. (1923) Chuseihoku-do, mineral resources
of Chosen (Korea). Chikyu, 8.

Na, CK. (1994) Genesis of granitoid batholiths of
Okchon zone, Korea and its implications for crustal
evolution, Ph.D. dissertation, University of Tsukuba,
154 p.

Neary, C.R. and Highley, D.E. (1984) The economic im-
portance of rare earth elements. In P. Henderson
(ed.), Elsevier Science Publishers B. V., p. 423-466.

Pearce, J.A. and Cann, J.R. (1973) Tectonic setting of
basic volcanic rocks determined using trace element
analyses. Earth and Planetary Sci. Letter, v. 19, p.
290-300.

Pearce, J.A., Harris, NNBW. and Tindle, A.G. (1984)
Trace element discrimination diagrams for the tec-
tonic interpretation of granitic rocks, Journal of
Petrology, v. 25, p. 956-983.

Reedman, A]., Fletcher, CJ.N., Evans, R.B., Workman,
D.R., Yoon, K.S., Rhyu, H.S., Jeong, S.H. and Park, J.
N. (1973) The geological, geophysical and in-
vestigations in the Hwanggangri area, Chungcheong-
bug-do. In Report of Geological and Mineral Ex-
ploration. Part 2. Report of Mineral Exploration. Geol.



360 A -

Min. Inst. Korea, v. 1, p. 1-118.

Skjertie, K.P. and Johnston, A.D. (1992) Vapor-absent
melting at 10 kbar of a biotite- and amphibole-bear-
ing tonalitic gneiss: Implications for the generation of
A-type granites, Geology, v. 20, p. 263-266.

Streckeisen, A. (1976) To each plutonic rock its proper
name, Earth Sci. Rev., v. 12, p. 1-33.

Taylor, R.P. (1984) Role of fluorine in melt depoly-
merization, lanthanide fractionation, and the genesis of
granophile deposits, Geological Association of Canada
Program with Abstracts, no. 9, p. 110.

Wasserburg, G.J. and DePaolo, D.J. (1979) Models of
earth structure infered from neodymium and stron-
tium isotopic abundances. Proc. Nat. Acad. Sci. USA,

wopgl - g2

s
BT T

v. 76, p. 3594-3598.

Wilson, M. (1989) Igneous petrogenesis. Unwin Hyman,
London, 466p.

Winchester, J.A. and Floyd P.A. (1977) Geochemical dis-
crimination of different magma sereir differentiation
products using immobile elements, Chemical Geology,
v. 20, p. 325-343:

Yun, S. (1978) Petrography, chemical composition and
depositional environments of the Cambro-Ordovician
sedimentary sequence in the Yeonhwa I mine area,
southeastern Taebaegsan region, Korea. Jour. Geol.
Soc. Korea, v. 14, p. 145-174.

19983 44 64 A0y



