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2 PRI ok9] AAANAIZE A 4 guize] 7 WA #UeH tgeE ATEF BLEY)
sk, A gl o] LAl 2 RIREAIY 5w Tl BT FulEo] TEo]
A 9% L udt #YI Aoz AGHT AOEH B2EF 9714 SIS o I TP R
AN AFEE ZGe] YHFE F 40 G4 guizdd Zzb dgelEdh =3 oElEe T A9 s
2 AA JEF Y4 T Z=o|Ed HFEE AV RS ¥ n3eie SER A4 T HHolN
AR eitoln}, ol T X199l tiH|Ee dHFEC} Aoz WS THHA LS guldith K-Ar
# ArAr Q&R A3E ST, AZEF GUTE 64~52 Ma ARelol], B2E P 51~44 Maoll B¢
3 Aoz AGHT) ol o 51 MaZ AFE s J5ie A S Ae] BEF XA T4 WA
ARG IFEo 2 F23] WalEUS-S nigitt. ZA37] ofAlo} UM BAS F8 AR APHES X
A5, 64~52 Maoll = A8 el dtel Al HYoz Folrlol tiEdwel S5 weke] FH9X
T Ag gHAo] AFRoH, AE GUZE o9 ik A dEES we FYT Ao = HHE
o} 3HH oF 55Ma0] AE9} felxo} e FE 93 $H¥LE & 51 Ma Ae = A7 A
H Aow pelr}, o2 ¢lg) FIeE THI Folro} tiFe] HEHYH Foz o=y s =
Hokgol zber) FalA Folro} AW FHI FYHe| SAEIHon, o] Wi eFdne] -5 wdko]
HEAM AEMusEo R AU 7540l ot wEky ofF 51 MaFE e FERolE AE AA
7483 EQlEeg B4 WA MEAM-EEEY Ao FA5Ho] Bg o] #Ys o siHdn

F20: TA37, GHE, A=-FEAor FE, B F, 754, 99

Abstract: The Paleogene dikes intruding into the late Cretaceous granodiorite are pervasively observed in
the Irun-myeon, eastern Geoje Island. They are classified into three groups: NW-trending acidic dike
swarm and WNW- (A-Group) and NS~NNE-trending (B-Group) basic dike swarms. Based on their cross-
cutting relationships, the earliest is the acidic dike group and followed by A- and B-Groups in succession.
The acidic dikes seem to have intruded into tension gashes induced by the sinistral strike-slip faulting of
the Yangsan fault system during the late Cretaceous~early Paleogene. In terms of rock-type, orientation,
age, and geochemistry, A-Group and B-Group are intimately correlated with the intermediate and basic
dike swarms in the Gyeongju-Gampo area, respectively. These results significantly suggest that the
corresponding dike swarms are genetically related. Based on the K-Ar and Ar-Ar age data, A- and B-
Groups were intruded during 64~52 Ma and 51~44 Ma, respectively. The result means that the direction
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of tensional stress in and around the SE Korean peninsula was changed abruptly from NNE-SSW to
EW~WNW-ESE at about 51 Ma. Considering the tectonic environments during the Paleogene, it is
interpreted that A-Group was injected along the WNW-trending tensional fractures developed under an
regional sinistral simple shear regime which was caused by the north-northwestward oblique subduction of
the Pacific plate beneath the Eurasian plate. Meanwhile, the regional stress caused by the collision of India
and Eurasia continents at about 55 Ma was likely propagated to the East Asia at about 51 Ma, and then
the East Asia including the Korean peninsula was extruded eastwards as a trench-rollback and the dip of
downgoing slab of the Pacific plate was abruptly steepened. As a result, the strong suction-force along the
plate boundary produced a tensional stress field trending EW or WNW-ESE in and around the Korean
peninsula, which resultantly induced B-Group to intrude passively into the study area.

Key words: Paleogene, dyke-swarm, India-Eurasia collision, Pacific plate, trench-rollback, suction-force
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A= s AR HE S 7 Yl (dyke swarm)
£ YAAI)= ZAo] EAojt}(Price and Cosgrove,
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£ stz 0|59 AFRF gujE ¥l shi
FaozM {834 AMEE S UTh(Speight and
Mitchell, 1979; Bussell, 1989; Glazner et al, 1999;
Borradaile, 2001; A4 #], 2002b; Mayborn and
Lesher, 2004; HZ4 9], 2005; Khan et al., 2006).
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7o) ¥WslEo] tF Aol g X 2ol LSt
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Fig. 1. Geological map in the study area showing the classification and distribution of dikes. The intrusion attitude
(strike/dip) of dikes is measured according to the right-hand rule.
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Fig. 2. Contoured - (lower hemisphere, equal-area projection) and rose diagrams of the intrusion planes of (A) all
dikes, (B) acidic dikes, and (C) mafic dikes, respectively. Great circles in (B) and (C) indicate the mean attitudes. Mean:
Strike/dip are measured according to the right-hand rule.
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Fig. 3. Acidic and mafic dikes in the study area. (A)
Outcrop of the acidic dike with 4 m width showing rhy-
olitic structure. (B) Outcrop of the A-Group dike trend-
ing EW. (C) Outcrop of four NNE-trending B-Group
dikes cutting the A-Group dike.
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Fig. 4. (A) Photomicrograph of nonporphyritic fine grained and intergranular texture in A-Group mafic dike with min-
erals of plagioclase, clinopyroxene, opaque, and olivine in the Gonggoji (under crossed polars, X40). A black arrow:
Curved quench crystals of plagioclase forming sheaf-like aggregate and swallowtail sections in A-Group mafic dikes. B)
Photomicrograph of porphyritic very fine grained and trachytic texure in B-Group mafic dike with minerals of plagio-
clase, clinopyroxene, and opaque (under crossed polars, X40).
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Fig. 5. (A) Plot of Na,0+K,O vs. SiO, for dikes of the
study area (after Irvine and Baragar, 1971). (B) AFM
diagram for dikes of the study area (after Irvine and
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2, O; GIB-1, @; GJB-2.
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Table 1. Major elements, CIPW normative mineral compositions, and trace element abundances (ppm) of the dikes in

the study area

Sample GJA-1 GJA-2 GJB-1 GJB-2 Sample GJA-1 GJA-2 GJB-1 GJB-2
Sio, 47.64 50.82 53.90 55.16 Sr 473.10 397.80 583.90 525.30
TiO, 0.90 1.08 1.11 1.07 Cs 0.93 0.77 0.29 0.60

ALO, 17.44 17.21 16.23 16.03 Ga 18.04 20.40 23.01 23.60

Fe,0,* 11.02 11.74 9.05 8.87 Nb 0.59 0.87 3.29 229
MnO 0.18 0.19 0.17 0.17 Hf 1.04 1.54 1.82 1.27
MgO 6.68 4.32 425 4.02 Zr 5729 84.38 161.20 102.90
CaO 11.23 8.10 5.31 5.29 Y 14.42 19.88 23.33 21.65
Na,0 1.96 3.28 423 4.20 Th 1.46 1.13 1.51 1.30
K,0 0.35 0.73 1.47 1.55 U 0.49 0.35 0.38 0.36
PO, 0.15 0.18 0.42 0.40 Cr 81.51 7.58 87.46 5749

LOI** 2.50 1.74 3.72 3.22 Ni 40.76 7.13 36.73 36.20
Total 100.05 99.39 99.86 99.98 Co 66.62 5932 53.64 3539

Q 0.00 1.64 345 5.16 Sc 30.37 27.93 19.84 17.25
C 0.00 0.00 0.00 0.00 A% 24720 254.60 182.40 175.40
Or 2.14 4.47 9.12 9.55 Cu 86.75 58.43 47.03 41.76
Ab 17.14 28.68 37.49 36.97 Pb 4.08 6.95 9.64 5.71
An 39.03 31.08 21.94 21.11 Zn 141.30 108.70 112.00 99.51
Di 14.54 7.85 2.57 3.13 Cd 0.03 0.14 0.10 0.07
DiWo 7.41 3.93 1.30 1.58 Mo 0.30 0.45 0.69 0.67
DiEn 4.07 1.76 0.67 0.79 La 8.59 9.39 22.30 21.36
DiFs 3.07 215 0.60 0.75 Ce 19.54 23.04 5241 51.08
Hy 20.08 20.87 19.95 18.81 Pr 2.70 3.07 6.48 6.27
HyEn 11.45 941 10.48 9.67 Nd 14.59 16.46 34.07 33.01
HyFs 8.63 11.48 9.47 9.14 Sm 322 3.68 599 5.88
Ol 2.27 0.00 0.00 0.00 Eu 1.08 1.23 1.84 1.83
OIFo 1.24 0.00 0.00 0.00 Gd 3.68 4.29 6.60 6.22
OlFa 1.03 0.00 0.00 0.00 Tb 0.51 0.65 0.87 0.81
Mt 2.68 2.88 231 2.25 Dy 2.87 3.84 4.68 431
11 1.77 2.12 221 2.12 Ho 0.59 0.81 0.94 0.86
Ap 0.34 041 0.96 0.91 Er 1.67 2.30 2.70 2.49
C_I*** 41.35 33.72 27.04 26.30 Tm 0.23 0.33 0.37 0.34
D_T¥*** 19.29 34.79 50.06 51.67 Yb 1.51 217 2.52 231
Ba 116.50 155.80 325.30 483.30 Lu 0.23 0.33 0.38 0.36
Rb 22.52 19.66 7.28 25.12 2REE 61.01 71.59 142.15 137.13

Fe,0;*, total iron as Fe,0;; LOI**, Loss on ignition; C_I***, Color Index; D.L****, Differentiation Index.

elements; LILE)?] #3817} 433w Aoz At
ols} 7ro] 73| EF(light rare earth elements; LREE)
o] H]3dled A3 YA (high field strength elements;
HFSEy’t Z¥s 2 7% LILE ¥3& Role 53L&
A PgA A F7 APl A™E oiF QY =5
Zo] 23z 75 BEE GHAN Yehve ReE
g2 A Atk

Q749 B F NEF U FHE ATE
Al 61.01 ppm3} 71.59 ppm 2| BIZFANA 14215
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ppm# 137.13 ppme 2 F 2F9] A SEF d4 T
o] 28] AE 2ol7t g} ole AFHE A9 F
A st @714 g A IER 44 ¥ e
el Z+zk 79.93 ppm, 157.54 ppm?l RFAT FAG &F
Aol €1 Z=glolEo) EF3E ATAY IS
o FEF 92 ¥F WslE AT HEUFig 6B), 33
ERfE B3lyo] 9or FIHEHR Ui(heavy rare earth
elements; HREEY= Atld o2 Aol girt. 53] B
aFNN AIERY 37t TR AF-HEAY
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Fig. 7. Tectonic discriminant diagrams for mafic dikes in the study area. (A) MgO-ALO,-FeOt diagram (after Pearce
et al., 1977) 1. Spreading center, 2. Orogenic suite, 3. Ocean ridge, 4. Ocean island, 5. Continental. (B) 10*MnO-
10*P,0,TiO, diagram (after Mullen, 1983) CAB; Calc-alkaline basalts, IAT; Island arc tholeiites, MORB; Mid-ocean
ridge basalts, OIA; Ocean island andesites, OIT; Ocean island tholeiites. (C) Th-Nb/16-H{/3 diagram (after Wood, 1980)
A; N-type MORB, B; E-type MORB and tholeiitic WPB and differentiates, C; Alkaline WPB and WPB and differen-
tiates, D; Destructive plate-margin basalts and differentiates, Note: WPB; Within-plate basalts. (D) Zr/4-Y-2*Nb dia-
gram (after Meschede, 1986, Fig. 1) AI-AIl; Within-plate alkaline basalt, AII-C; Within-plate tholeiites, B; P-type
MORB, D; N-type MORB, C-D; Volcanic arc basalts. Symbols are the same as those in Fig. 5.
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Table 2. Whole rock K-Ar data for the mafic dikes and granite samples of the study area

Sample” K wt. “Ar radiogenic SAr Air Age
(Wt.%) © (10%cSTP/g)  (10™ccSTP/g) (%) (Ma)
A-2 1.343 0.01772 293.09 35.65 26.7 554+1.6
B-1 0971 0.01996 197.01 22.36 25.1 515+1.5
B-2 1.049 0.01651 185.75 33.27 346 45113
G-1 2217 10.02180 393.46 59.61 31.1 452413

*A-Group, B-Group, and granodiorite are abbreviated to A, B, and G respectively.
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Table 3. “Ar/°Ar analytical data from whole rock in the study area

Sample No. Temp (°C) “Ar°Ar  VAr/Ar  *Ar/°Ar K/Ca PAr* (%)  PAr(%) Age(Ma) 2s
(Type: Basaltic dike, Host rock: Granodiorite)

GJA-1 600 101204.4 5.20 334.15 0.19 0.02 0.00 1140.0 456.5
670 193878.3 63.66 64538 0.01 0.02 0.00 14252 7144

730 8989.2 12.55 29.51 0.08 0.03 0.02 163.0 55.6

800 29242 10.24 9.50 0.10 0.04 0.08 70.7 16.6

850 1095.6 6.19 327 0.16 0.11 0.08 79.2 6.5

920 706.8 433 2.02 0.23 0.15 0.14 66.8 52

950 448.7 2.63 1.16 0.38 0.23 0.11 64.1 6.3

1000 4278 5.55 1.10 0.18 0.23 0.18 62.8 3.6

1030 4753 6.74 1.26 0.15 021 0.09 62.9 4.6

1060 419.6 5.11 1.07 0.19 0.24 0.07 62.6 5.6

1100 3347 4.82 0.78 0.21 0.30 0.08 62.8 42

1160 3338 7.85 0.77 0.13 031 0.07 64.3 49

1230 576.2 20.50 1.51 0.05 021 0.03 71.6 113

1300 699.5 3044 1.93 0.03 0.17 0.03 75.0 13.5

1450 1053.1 31.89 291 0.03 0.17 0.01 115.2 29.1

(Type: Basaltic dike, Host rock: Granodiorite)

GJA-2 600 712783 9.26 233.94 0.11 0.03 0.00 1026.7 4083
670 6252.9 4.37 19.74 0.23 0.07 0.01 2482 47.0

750 736.4 2.94 2.18 0.34 0.12 0.08 55.2 52

780 4414 2.19 1.17 0.45 021 0.04 57.0 6.6

850 3953 1.83 1.01 0.55 0.24 0.08 59.1 3.7

880 203.7 1.47 0.37 0.68 045 0.04 56.8 4.0

930 168.5 2.66 0.27 0.37 0.51 0.06 53.5 29

960 190.1 347 0.33 0.29 048 0.05 56.1 33

1010 1712 4.89 0.28 0.20 049 0.10 523 2.8

1040 1362 2.46 0.16 041 0.63 0.07 532 2.5

1070 136.7 1.74 0.15 0.57 0.66 0.08 553 3.6

1100 1313 1.08 0.14 0.93 0.67 0.11 543 2.6

1120 1312 1.64 0.14 0.61 0.68 0.09 549 3.6

1150 147.6 2.81 0.18 0.35 0.63 0.11 57.0 3.1

1170 2143 6.32 0.38 0.16 0.46 0.04 61.7 43

1230 4383 17.23 1.10 0.06 0.24 0.02 66.7 6.3

1280 4437 18.70 1.11 0.05 0.24 0.01 68.2 10.2

1350 683.6 22.10 1.79 0.04 021 0.01 929 16.8

AAEYE WBopy] LAY xo AR 5
& Zgfol|E $FEASF, 1992)7 2R3 FHEY o]
43 2257 Fukgo] B0l BA ek A
R % EEL et 4 d"Ec] AYHJUE 7+
Aol At}

AFAY G714 SEEE 5 ALFS A oF 1009
BI1E-S B & 10° T3] W AAXA AYH 7
TS BAFT QohFig. 13} 20). ol AFFHE X
Aol FA-gG7A e FEE MY d7d=
9} $ARE Ao 2 TA37] B ke TR M|
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A A2 AAZD G Y Aol B ES
gAIFE) ok oM #Y WEdE 2AR ¥ o,
ATEF BOE duEe 7t AR A9 F4
3 g4 dHEd {FAR Fdolth 2y dn7
Aol 243 TAFEANE MZ Zel7t 3o (Fig.
48} AR 9], 2002a8] Fig. 35 4), FE 949 &
A AFANME v AWEE Tl thiTre] Aol7t
S1ETH(Table 13+ A4 9], 2002b2] Table 1).
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Table 3. Continued

223N - BIE - oA - R - £ - A%

Sample No. Temp (°C) “ArAr  7ArPAr At Ar K/Ca VA* (%)  PAr(%) Age(Ma) 2s
(Type: Basaltic dike, Host rock: Granodiorite)
GJB-1 740 15828.7 0.81 52.63 1.24 0.02 0.01 169.9 152.8
820 37047.3 293 124.83 0.34 0.00 0.00 98.7 279.7
930 10095.8 263 34.06 0.38 0.00 0.00 16.7 762
1000 42297.2 19.28 140.52 0.05 0.02 0.00 4503 2011.1
1040 6388.6 5.59 21.43 0.18 0.01 0.00 34.0 91.0
1080 1668.3 3.62 5.26 0.28 0.07 0.01 71.0 333
1150 663.6 1.92 1.88 0.52 0.16 0.06 66.3 8.0
1190 370.1 1.61 0.92 0.62 0.26 0.09 61.3 59
1220 287.0 1.57 0.65 0.63 0.32 0.11 589 43
1260 3373 1.60 0.79 0.62 0.30 0.13 64.1 4.1
1290 3024 1.81 0.72 0.55 0.29 0.13 56.2 3.8
1320 284.9 1.93 0.66 0.52 031 0.14 55.6 3.9
1360 279.6 2.11 0.65 047 030 0.14 54.4 3.8
1400 296.0 226 0.71 0.44 0.28 0.16 53.0 4.1
(Type: Basaltic dike, Host rock: Granodiorite)
GIB-2 750 7373.0 1.46 24.90 0.69 0.00 0.00 74 83.1
790 6965.9 2.10 2349 048 0.00 0.00 13.1 106.0
920 37345 0.99 12.30 1.01 0.03 0.01 623 46.5
970 1734.6 0.88 5.57 1.13 0.05 0.02 54.8 334
1000 921.9 0.80 295 1.25 0.05 0.02 307 13.7
1040 668.3 0.99 2.09 1.00 0.07 0.03 29.7 7.6
1070 402.8 1.16 1.20 0.86 0.11 0.04 283 59
1110 465.2 1.12 1.38 0.89 0.12 0.06 35.1 7.3
1140 314.8 0.86 0.85 1.17 0.19 0.07 38.3 33
1170 223.1 0.55 0.52 1.83 030 0.07 432 41
1210 259.0 0.68 0.63 1.47 0.27 0.10 454 29
1250 193.2 0.81 0.40 1.24 0.37 0.11 46.0 35
1290 205.5 1.04 0.44 0.96 0.36 0.14 46.7 29
1330 155.0 0.93 0.26 1.07 048 0.15 474 2.6
1360 1359 0.52 0.22 1.92 0.50 0.09 433 23
1400 178.3 0.37 0.36 2.70 039 °  0.08 43.8 3.2
Correction factors for interfering isotopes
(*ArP"Ar), -1.054E-03 1.123E-04
AP AP, 1.065E-03  6.406E-05
(“ArPAr), 3.409E+00 6.236E-02
J factor 0.00035657 1.127E-05

Notes: Isotopic ratios corrected for blank, radioactive decay, and mass discrimination, not corrected for interferring reactions. Calcu-
lated ages include errors in J and irradiation parameters. K/Ca is molar ratio calculated from reactor produced *Ar, and “Ar,,.

shanle) W7HE, & 27] rlasle] LE, F9 2
o e, 4 gusse A, gue) E 5
2e g 7 wgel 298 Aotk £ FERY
3} FAEAE FIE RIPES DY) Aol 5
ol @l o7t UEhg 4 AUk oldE BEL 4M

d

[e2

o 23, BB, TARAL YFE AZ 9 &
dzgo] 9 wiavt /19AAE FAslde B
H A7t e AnlgT. HeA oEw BAE
sl 98 vlaAdst SERARe I A
& was) HRFg. 6), BFAE AL opf AFA

J. Petrol. Soc. Korea



AAE FRel B¥sRe TAY] G Aoidoist A7 v 95

200 GJA-1 box heights are 2s data-point error crasses are 25
0.0035
1 =60.0+6.4M
150 Plateau aga = 64.1 £ 1.7 Ma (20 0.0033 Lt\* AQBMS\ND= 630 8
MSWD= 14, probability=0.21 oooatd T~
= includes 80 1% of the @Ar o N
@ = £ ool T
o :‘E ® ...
< _]:_]___?_ﬂ g 00027 e
ey
IO S st SR S i 3
s04— 0.0026 e
0.0023 "x.‘
0 0.0021
0.0 0.2 04 06 08 1.0 0.000 0.001 0.002 0.003 0.004
Cumulative *Ar Fraction Bar1 %
200 GJA-2 box heights are 25 data-point error crosses are 26
0.0035 =
150 Plateau ags = 54 £ 1 Ma (20} N PO oo 1
MSWD= 1.14, probability= 0 33 Ry
_ Inciudes 71.2% of the JAr o
© LR
= 92 0.0025 1 3*\,
g bl e
(B) e 100 8; ..
< P | A
504 % 00015 .
i-'~$‘
0 ' + . 0.0005 + + R
0.0 02 0.4 06 08 10 0000 0002 0004 0006 0008 0010
Cumulative **Ar Fraction Bl “ar
GJB-1 box heights are 2= data-point error crosses are 20
200 00036 L
ey Age = 56 £ 4 Ma
150 0.0032 3. MSWD= 880
— LY “"'.
z £
©) S 5 o
<) < N
< ! .
1 T T ;\ ’
50 { 00024 e
3
o + 00020 -
0.0 0.2 04 06 0.8 10 0.000 0.001 0.002 0.003  0.004
" " 39 40,
Cumutative *Ar Fraction Arf A
GJB-2 box heights are 2. data-point error crosses are 20
120 00038
e
- s =44.1+26Ma
100 Plateau age = 43.3 1 1.1 Ma (29 00032 { T Age = 44
t MSWDS 1.4, probabilty= 0.20 * e MSWD= 871
= sofh Includes 74 4% of the RAr © 00028 e
= &
(D) = « £ 00024
g’ -4
—_— 1
40 D—_" f — 0.0020
20 414 00016 "
0 + 00012 ) N b
0.0 0.2 04 06 08 10 0000 0002 0004 0006 0008 0010

Curmulative *Ar Fraction P ar s

Fig. 8. “Ar/°Ar release spectra and isochron diagrams from mafic dikes.

Vol. 16, No. 2, 2007



)
=N
b

ool etmizse AA JFEF 94 FPlN 3L
A gz HE FAME FFE Ben, Cl
ZoEpolEo EF818 A AR JEF 944 &
F HEx 3 kX d4E AYsy ANFHoz u$
AR W3l del S RS ol F A9y 7+
HEEo] GM7A D FAARYPLY] FFA T
9 Aol7} gleABtE AHYA o WA BAFH gl
&< oujgh

ol A9 K-Ar FUlEH R ATFNA 554+
1.6 Ma, BZENA 51.5+1.5Ma%t 45.1+1.3 Ma| 2
FE 2900, ArAr QUEHOE ATFA
64.1£1.7 Ma(GJA-1)® 54+ 1Ma(GJA-2), BZE A
44.1£2.6Ma (GIB-2)Y ©}9 3dAAs} Zg=e 2
HES AUtk 39, AFLE Ao dHFE
o i3t Ar-Ar JUISAHEFTA &, 2005904 A 5FA]
whake] obalel A 559+1.5Madt 52.4+0.9Ma, BEEF
whakol obmlol A 473408 Mat 48.0+1.3Mas} 2
FE 233 v Qo 0|3 JdHe AUl AAE
S 8, Ho dYdde] MEAM ATE duE
oF 64~52 Ma Aolol], 5 WA 5559 B1F &
WEL oF 51~44 Ma Alolo] #AdE Zo2 Add
ol ¢ 51 MaE AZE INT dFHe AR ¥
Zo] BEF-HEA WA A WA MEA-EE
% oz F73] WalEgS Auidict a2god z+
Al7] BQte] oflo} A9 X F2BAL ou]FH o
o ¢ 51Ma HAEZ I Tl A0 4 2
Z2PA WA B3l Eos] Hiz g

WA, 64~52 Ma Alo]e] B85 htA] Wk A2l
I AAS A723EE E9ehH vhgst 2t Maruyama
et al(1997)2 EAMsHE FehKulaydo] 60 Ma 7ol o]
o] 29=39 ARIA AR sAS BHiadgen,
Lonsdale(1988)3} Cottrell and Tarduno(2003ye 3}9}o]-3
Hg s3te 337 978 S5 81 MaZdol BlET
2 o] o5 JEEEY TEIHEE B v 9l
t}. @9, Engebretson et al(1985)3} Konstantinovskaia
2001y LR 4Ll i3t A7z 2ol 65~55Ma
Alo] S E FIehe EAEEY U9 eo2an
o] ek HAGEA o} BTy B5A W 49
o] ME F5de X p2 $HAI Y ¥ AU F
2 R Ut oA 64~52 Ma Atole) AEA
o] dulzAZE)R FEHeg FuaEn BAsA H
HYRo AL YL U3l Folrlo} thiEA™ &
A% BEA Wge] BAAQ B A T2 S
A DR MEA B AT GEES Wt T5
oz AYd Aoz FAdA)

tlo

T - e - PBE - oA - AT - 3 - A%

51Ma AF] FHEH S wigtet o)F gt
=9 A A AFSEHE Ax-fEAoly FE
93t g¥o] e YA7IK] MW= AR (Tapponnier
and Molnar, 1976; Patriat and Achache, 1984; Besse
and Courtillot, 1988; 214> 1992; Spence, 1993;
Patzelt et al, 1996; Hali, 2002)z S5 A AEA
WFo 2 eHETe ojFweo] WilEE dwe A}
AEe] Bgdoz #A¥E 754 (Stern and Bloomer,
1992; Richards and Lithgow-Bertelloni, 1996; Sahabi
et al., 1996; Koppers et al., 2001; Hall, 2002)°] =
o &, & S5Madll AlFHE JA=de] FE9 <
NE=E xgel Folrol tiFe] 5%, & HUYR F
22 Y7 extrusion)2 22X 3] Hzheo] WAIFY
o, ol2 s AUt eEFRe] AAPL F8A
Folrlol Aol et Y= (suction force)o] LAY
ste e g &F Wiko] EEANAM MEANFE
S2 IFAHUEL 7ol ATk ojfF Atz 27
o] 43 HslE F502 eydue] &3 EZ(slab
rollback)e] LAF}E ke FgdFole A W] A
EA-EE W Aol 43| AlFsidlen,
ol 2 gla] @& WA EEF Wi A1 ¢H+E®B
aE)el #YF Aoz M. 2 Schellart e al.
2006y A EHHYG AFAME o] A7](~50 Ma)ll F
83 A7z o] Wbt BAsIF o ol W3t
= BB YHe) = 43 fdds] Y FAs
Atk

o

4 B

AAEA ] FHE AAE 5 42d dojdle =4
9l "Wkl S JHAle A3 £FE dHEEo]
g3t o5 Yo Bl ofe] 1A, Al
3t 24 2813 K-Ar B YArPAr A B4
£ A dojdl AME AF-24F 49 IA37]
QrulZol) B3 MPdAF ARG 9, 20024, b; A
4 ¢, 20058 ¥ - 45 doixl AEE o
¥ 7t}

1. 97AY dZEL Mopy] oo APdEdS
Yty o, B4 wEkel aby gelga AEA
WFAZE)S g5 WAl 555 HFEE) F &
ol G YrER FRED

2. At gule @71 hulel o HuET g7
A gl 2 Bage] AZES AWsiE flo] guE
B9 AUAEE A go] 7 WA oY thgo R
AZEH BIE9 Aot

T =

3

J. Petrol. Soc. Korea



ARE R ke IA V)

3. B4 3k 2 guEe gy =
AL Bolx glo] Woty] T AAY 2 FdFA Y
&g Fo|F 2T FitE] HER 9% B
w2l At

4. AZEF BOF GHUEEL oF9 S Y F
FAM AFZAE Y GdZE F IS G714
ghul ol zbzh tiuEct. viFdie} JEFALY &
ZF gjelg vl 2E, 454X Ay A7 A
o] YAZEL AA JEF P4 FFAM LT &
qubsl gulze] A FARE P Hon, E=
glolEd B3 An AR EF 94 FF
HYE FARIL ol F X9 tiHHe ¢AZE
o] AelHoz WY AUPE AT

5. Agi2y AAE P, AZF YHEe
64~52Ma Atoldl], BAF Sz oF 51~44 Ma A}o]
of FYstact. webd & 51 MaE AFE gHlE
29 ¢ gHERe BEB A WA FA
WA MEAGGE Wk s F43] HstEAnh

6. G714 YWZEY #Y A)719 ofxjot 44 d
Heol A1z AAHAEL 73, oF 64~52 Ma Aol
= B4 BT AR YR Forlol tiF
Aol BEA wieke] F9A g AT 8-¢7go]
AEsgon, ATE QUZe o)Z s AAHH AE
A we o1 B EL w F£EHoE AU

7. 9F 55 Maol| AJZHE &9} fEHA o} TS FE
o o)a) waE g2o) ok 51 Ma Aol ke U
7K AsEe] e g F33 Folalol tiFo| €
gt Zog djztomA 37 Hzteo] T A2
2 Bddr) o2 s Ay gHGHe] A=t
F3A Foprlot Aol AT FUFHol T H
BgHe] £F WiFo] BEAMIM MEAYFLR 3
AHYL 7FsAe] Aot o2 s BlRY SAHe
ATz 7o)l ¢ 51Ma AFE F43] HslE7] A
Fstgon sy BdRde B4 WA MEAM -5
% wake] Q1g o] AFE7| AFsie BaEF ¢HUE
o] &FHo g A

A A

o] =R 2004d% AN WU SedA-7u|(A
JXFATF ) ALH 20073= FREHN =
ol APoz §=HstAHEe] A A(®No. RO1-2006-
000-10457-0y& wrol F3E dA-Folct. AAFHAH A
folg AL FA Adoigtn 0)8d Zyd 773
et gAY ZedA A= -—T

Vol. 16, No. 2, 2007

iz Aehenish 472 slvl 97

FHiEE

A%, 1992, M2 & Fale HARdy FAPFA F
ol 2T, AH8FA|, 28, 84-109.

ARY AN S5, 282, 2001, E Y29} B
g4 7HBEM7E ol &3 “YArPAr AUiEE. 20019
=Gl - UMD FEIELRS] =83, 60-64.

A2A, BA7), FLF, °|FF, 2004, BFEA $FLFH
oA dAEE AZHolBEHehel W 7AA
T A e, 13, 1-15.

AEA, &8, 174, AR, 2005, Fhte GEE- A)37]
ohillzzl glRERe] “Ar Ar Ao, AEEIAl, 14, 93-
107.

ZAZA, o]F%, 2000, AAES PPAL] A 5
Aol ojg wianl E48 EF 4. JAHA, 36,
19-38.

AEAN, o|2E, SAFE, 1998, AAE PiAYe Wi
ol 2ad ¥ Z2A4: 1. 2 AE B4, NEEIA,
34, 105-121.

A4, AFA, £F, 2002e, T FERLLS G2
oAl g AsstE A7, AR, 11, 182-199.

AN, &5 A2, AAF, 20026, TREE P A37)
shelmsl ATEA 224, FHERA, 11, 169-181.

S5, 7904, 2005, IWkE B AW AP F
8 B3 o A7xd ge, A1t FEEEIE #
Z2A8E9AL AT, Q= AsE, 731

Q3 AZWN, AL, A4, 284, P4, 1980, g=
AA(1 : 50,000), AA-SZARTE 2D APA. A
gAT4, 45p.

olE9l, olmA, TAY, o|7lA, Keisuke Nagao, 1997, 73
A7) £33 24AF A9 7 thE K-Ar
gl &4, AFHEIA, 18, 379-389.

0l&3], o4, 1999, AAES EXshs FAAFA o
g3t @ Qhsietd A7, FRATHRIA, 20, 61-
79.

284, £F, AAF, 2007, FE 30 sl
iR od(AMS). AR, 40, 171-189.

e, 1998, AFEA ZAXGY LT A &Y
3 A, 11 vFEL: A7EEka Ro-Sr PAM ddl.
ALEAXA, 31, 473-483.

Besse, J. and Courtillot, V., 1988, Paleogeographic maps of
the continents bordering the Indean Ocean since the
Upper Jurassic. J. Geophys. Res., 96(B10): 11,791-11,808.

Borradaile, GJ., 2001, Paleomagnetic vectors and tilted
dikes. Tectonophysics, 333, 417-426.

Bussell, M.A., 1989, A simple method for the determination
of the dilation direction of intrusive sheets. Journal of
Structural Geology, 11, 679-687.

Cottrell, R.D. and Tarduno, J.A., 2003, A Late Cretaceous
pole for the Pacific plate: implications for apparent and
true polar wander and the drift of hotspots. Tectonophys-
ics, 362, 321-333.

Cox, K.G, Bell, J.D. and Pankhurst, R.J., 1979, The inter-



98

b
Mo

pretation of igneous rocks. George Allen & Unwin, Lon-
don, 450p.

Engebretson, D.C., Cox, A. and Gordon, R.G, 1985, Rela-
tive motions between oceanic and continental plates in
the Pacific basin. Geol. Soc. Am., Spec. Pap., 206, 1-59.

Glazner, AF, Bartley, JM. and Carl, B.S., 1999, Oblique
opening and noncoaxial emplacement of the Jurassic
independence dike swarm, California. Journal of Struc-
tural Geology, 21, 1275-1283.

Hall, R., 2002, Cenozoic geological and plate tectonic evo-
lution of SE Asia and the SW Pacific: computer-based
reconstructions, model and animations. Journal of Asian
Earth Sciences, 20, 353-431.

Irvine, TN. and Baragar, WR.A., 1971, A guide to the
common volcanic rocks. Canadian Journal of Earth Sci-
ence, 8, 532-548.

Khan, T., Murata, M., Karim, T., Zafar, M., Ozawa, H. and
Rehman, H., 2006, A Cretaceous dike swarm provides
evidence of a spreading axis in the back-arc basin of the
Kohistan paleo-island arc, northwestern Himalaya, Paki-
stan. Journal of Asian Earth Sciences, doi:10.1016/j.jse-
2es.2006.04.001

Konstantinovskaia, E.A., 2001, Arc-collision and subduction
reversal in the Cenozoic evolution of the Northwest
Pacific: an example from Kamchatka (NE Russia). Tec-
tonophysics, 333, 75-94.

Koppers, A.AP., Morgan, J.P,, Morgan, J.W. and Staudigel,
H., 2001, Testing the fixed hotspot hypothesis using “Ar/
®Ar age progressions along seamount trails. Earth and
Planetary Science Letters, 185, 237-252.

Lee, JI., Kagami, H. and Nagao, K., 1995, Rb-Sr and K-Ar
age determination of the granitic rocks in the southern
part of the Kyeongsang basin, Korea: Implication for
cooling history of granitic magmatism during late Creta-
ceous. Geochemical Journal, 29, 363-376.

Lonsdale, P, 1988, Paleogene history of the Kula plate: Off-
shore evidence and onshore implications. Geological
Society of America Bulletin, 99, 733-754.

Ludwig, K.R., 2001, Users manual for Isoplot/EX. Berkeley
Geochronology Center Special Publication No. 1a, 56p.
Maruyama, S., Isozaki, Y., Kimura, G and Terabayashi, M.,
1997, Paleogeographic maps of the Japanese Islands:
Plate tectonic synthesis from 750 Ma to the present.

Island Arc, 6, 121-142.

Mayborn, K.R. and Lesher, C.E., 2004, Paleoproterozoic
mafic dike swarms of northeast Laurentia: products of
plumes or ambient mantle? Earth and Planetary Science
Letters, 225, 305-317.

Meschede, 1986, A method of discriminating between dif-
ferent types of mid-ocean ridge basalts and continental
tholeiites with the Nb-Zr-Y diagram. Chemical Geology,
56, 207-218.

Mullen, E.D., 1983, MnO/TiO,/P,O;: a minor element dis-

FAFN - BYE - Ol - A - S5 - e

criminant for basaltic rocks of oceanic environments and
its implications for petrogenesis. Earth and Planetary Sci-
ence Letters, 62, 53-62.

Patriat, P. and Achchache, J., 1984, India-Asia collision
chronology has implication for crustal shortening and
driving mechanism of plates. Nature, 311, 615-621.

Patzelt, A, Li, H, Wang J. and Appel, E., 1996, Palaco-
magnetism of Cretaceous to Tertiary sediments from
southern Tibet: evidence for the extent of the northern
margin of India prior to the collision with Eurasia. Tec-
tonophysics, 259, 259-284.

Pearce, TH., Gorman, B.E. and Birkett, T.C., 1977, The
relationship between major element chemistry and tec-
tonic environment of basic and intermediate volcanic
rocks. Earth and Planetary Science Letters, 36, 121-132.

Price, N.J. and Cosgrove, J.W., 1990, Analysis of Geologi-
cal Structures. Cambridge University Press, Cambridge,
502p.

Richards, M. and Lithgow-Bertelloni, C., 1996, Plate motion
changes, the Hawaiian-Emperor bend, and the apparent
success and failure of geodynamic models. Earth and
Planetary Science Letters, 137, 19-27.

Sahabi, M., Geli L., Olivet, I., Gilg-Capar, L., Roult, G,
Ondreas, H., Beuzart, P. and Aslanian, D., 1996, Morpho-
logical reorganization within the Pacific-Antarctic Discor-
dance. Earth and Planetary Science Letters, 137, 157-173.

Schellart, W.P,, Lister, GS. and Toy, V.G, 2006, A Late
Cretaceous reconstruction of the Southwest Pacific
region: Tectonic controlled by subduction and slab roll-
back processes. Earth-Science Reviews, 76, 191-233.

Speight, J.M. and Mitchell, J.G, 1979, The Permo-Carbon-
iferous dyke-swarm of northern Argyll and its bearing on
dextral displacements on the Great Glen Fault. Journal of
Geological Society of London, 136, 3-11.

Spence, D. A., 1993, Tectonics of the Higher and Tethyan
Himalaya, Upper Kaghan Valley, NW Himalaya Pakistan:
Implications of an early collisional, high pressure (ecolog-
ite facies) metamorphism to the Himalaya belt. Ph.D.
Diss., ETH Zurich.

Steiger, R.H. and J4ger, E., 1977, Subcommission on geo-
chronology convension on the use of dacay constants in
geo- and cosmo-chronology. Earth and Planetary Science
Letters, 36, 359-362.

Stern, RJ. and Bloomer, S.H., 1992, Subduction zone
infancy: Examples from the Eocene Izu-Bonin-Mariana
and Jurassic California arcs. Geological Society of Amer-
ican Bulletin, 104, 1621-1636.

Sun, S.S. and McDonough, W.F.,, 1989, Chemical and iso-
topic systematics of oceanic basalts: implication for man-
tle compositions and processes. In Magmatism in ocean
basins (ed. A.D. Saunders and M.J. Norry), Geol. Soc.
London. Spec. Pub. 42, 313-345.

Tapponnier, P. and Molnar, P., 1976, Slip-line field theory

J. Petrol. Soc. Korea



AR o) B TAY) Yebz: FehAish A7 o) 9

and large-scale continental tectonics. Nature, 264, 319-
324,

Uto, K., Ishizuka, O., Matsumoto, A., Kamioka, H. and
Togashi, S., 1997, Laser-heating ®Ar/°Ar dating system
of the Geological Survey of Japan: System outline and
preliminary results. Bulletin of Geological Survey of
Japan, 48, 23-46.

Vol. 16, No. 2, 2007

Wood, D.A., 1980, The application of a Th-Hf-Ta diagram
to problems of tectonomagmatic classification and to
establishing the nature of crustal contamination of basaltic
lavas of the British Tertiary volcanic province. Earth and
Planetary Science Letters, 50, 11-30.

(20074 43 2580 F; 20079 58 289 HEY))



