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Fig. 1. A) Geologic map of the study area (modified after Kim(1389) and Hwang et al.(1996)). Legends (1; Yeonil
group, 2; Aplite and porphyry, 3; Onjeongri granite, 4; Gyeongsang supergroup, 5; Pre-Cretaceous granites, 6;
Hupori formation, 7; Precambrian basement, 8; Fault(dashed line; inferred fault)). B) Index map. The star
indicates the location of the study area (GM; Gyeonggi Massif, OB; Ogcheon Belt, YM: Yeongnam Massif, GB;

Gyeongsang Basin). C) Sample locations.
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Table 1. Location and petrography of analyzed samples.

sample location (latitude/longitude) petrography’

0Jo1 36°42'13"" /129°20'39" c.g. Hbl-Bt granite, pinkish Kfs as phenocryst.
0Joz 36°42'50"" /129°20'55"" c.g. Hbl-Bt granite, pinkish Kfs as phenocryst.
0Jo4 36°41'59"" /129°22'45"" m.g. Hbl-Bt granite

QJos5 36°42'41'' /129°22'28" c.g. Hbl-Bt granite

0Jo6 36°43'01'" /129°22'40" m.g. Hbl-Bt granite

FOJ07 36°41'27"' /129°23'55"" m.g. Hbl-Bt granite

FOJ09 36°40'50"' /129°23'23" c.g. Hbl-Bt granite

FOJ11 36°41'04'"' /129°22'38"" m.g. Hbl-Bt granite

FOJ18 36°41'26'' /129°25'58" feldspar porphyry

FOJ21 36°39'56'' /129°25'15" aplite

1. m.g.(medium-grained), c.g.(coarse-grained). Hbl(hornblende), Bt(Biotite), Kfs(K-feldspar)
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Table 2. Chemical compositions of analyzed samples. Major elements are given in weight % oxides, trace elements in ppm.
ojo1 0J02 0Jo4 0Jo5 0Jo6 FOjo7 FQJ09 FOJ11 FOJ18 FOJ21

Si0, 69.67 67.95 63.70 68.36 66.53 67.14 67.98 67.13 73.15 76.48
AlOs 14.30 15.48 15.37 15.49 15.44 15.25 15.23 15.12 13.43 12.67
Fe 05" 3.21 3.57 3.23 3.44 4.36 3.78 3.45 3.31 1.34 0.85
TiO, 0.36 0.39 0.37 0.38 0.50 0.42 0.36 0.38 0.12 0.10
MnO 0.08 0.08 0.07 0.08 0.10 0.09 0.07 0.07 0.03 0.04
Ca0o 2.67 291 2.90 3.04 3.34 3.13 3.02 297 1.05 0.65
MgO 1.03 1.20 1.10 1.18 1.64 1.20 1.05 1.08 0.03 0.08
K0 3.48 3.55 3.74 3.60 3.22 3.59 3.59 3.84 4.96 5.67
Na, 0 3.40 341 3.50 3.57 3.42 3.59 3.56 3.50 4.02 2.78
POs 0.11 0.13 0.12 0.13 0.14 0.13 0.13 0.13 0.02 0.01
LOIL? 0.99 1.1 0.55 0.56 1.24 0.56 0.91 0.79 0.55 0.25
totat 99.80 99.78 99.65 99.83 99.93 98.88 99.35 98.32 98.70 99.58
A/CNK® 1.04 1.05 1.02 1.01 1.02 0.99 1.00 0.99 0.97 1.07
Ba 596 613 567 528 567 632 595 639 1212 732

Sr 321 363 340 354 387 392 346 355 321 207
Ga 13 11 13 14 15 18 18 18 18 13
\Y 42 49 42 46 72 56 50 49 7 7

Ni 24 2.3 2.4 2.8 2.9 1.7 1.3 15 0.1 0.3
Nb 7.1 3.9 4.4 51 54 0.6 5.6 5.6 14 4.3
Rb 105 104 113 107 88 94 94 97 125 107

Y 19 14 15 15 17 14 13 12 3 3

Cs 2.3 2.7 2.4 2.3 2.1 1.8 23 2.6 24 1.1
U 4.2 2.6 3.8 29 34 3.2 2.6 2.5 44 0.7
Th 11.7 10.7 133 11.6 13.9 10.7 13.9 9.5 15.6 4.9
Pb 9.5 9.3 9.6 9.9 8.6 8.7 8.3 8.3 21.6 40.8
La 25.58 26.35 20.47 19.64 28.08 20.62 24.35 11.87 26.37 8.56
Ce 46.79 45.16 39.11 38.50 51.34 39.84 48.11 24.36 47.62 19.78
Pr 5.54 535 4.37 4.29 591 4.47 5.09 2.77 4.26 1.88
Nd 19.45 18.54 15.70 15.39 21.00 15.96 17.36 10.68 12.38 6.01
Sm 3.74 3.32 3.16 3.03 3.93 3.04 3.04 2.32 1.51 0.92
Eu 0.84 0.93 0.86 0.82 0.98 0.87 0.77 0.76 0.45 0.46
Gd 3.69 3.21 3.09 3.17 3.86 2.81 2.64 2.09 0.91 0.62
Tb 0.57 0.45 0.46 0.46 0.54 0.45 0.41 0.34 0.13 0.10
Dy 345 2.73 2.7 2.74 3.18 2.62 232 2.03 0.60 0.53
Ho 0.70 0.52 053 054 0.62 0.49 0.44 0.40 0.10 0.11
Er 2.18 1.58 1.67 1.65 1.89 1.47 1.36 116 0.31 0.39
Tm 0.35 0.24 0.26 0.26 0.29 0.23 0.19 0.18 0.05 0.07
Yb 242 161 1.75 1.83 1.94 1.59 1.43 1.24 0.38 0.48
Lu 0.39 0.25 0.27 0.29 0.30 0.23 0.22 0.19 0.06 0.09
Eu/Eu* 0.69 0.87 0.84 0.81 0.77 091 0.83 1.06 118 1.85
(La/Yb)y 7.12 11.04 7.90 7.23 9.76 8.75 11.48 6.46 47.24 12.09

IREE 115.69 110.23 94.40 92.62 123.85 94.68 107.73 60.39 95.12 39.99
1) Total Fe;0s, 2) Loss on ignition, 3) Molar Al,Os/ (Ca0+Na0+K;0).
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Fig. 2. Major element variation diagrams. Solid circles
represent the Onjeongri granite samples, and open
squares the aplite and porphyry samples.
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Al S3 stotA| 2] (Pearce of al., 1984; Harris
et dl., 1986) 23] 374 SR A of=2rt
mela] Fig 604 242 sP7)ehe) §ixl= H3pv)
335 pre-collision B7FRAE 2vishe ALE A
Zbeel,

ALKALINE

Na,0+K,0 (%)
TQ

. ove .0
- i  granodiorite
v diorite v -
41 X L
gabbro ' -~

I AU .- SUBALKALINE
0 R R I

35 45 55 65 75

Si0,(wt %)

Fig. 4. The subdivision(Irvine and Baragar, 1971) and
classification(Wilson, 1989) of the granite samples using
total alkali versus silica diagram. Symbols are the same
as those in Fig. 2.
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Vol. 7, No. 2, 1998

8 4 a
L J
e,
2 4 ® o £ 2 D
) (13 oA
0 L) L 1 i ] 0 .Y
B ree o 16 o
®e
d 12 . e
< P (X
S M .® = .
2 8
L
10 L 4 -~ 2
S 6
[ eoe
b I . e
- o *
5+ 8, EREN )
s
o Q0 o ° e
80 —. 30
o
:... e o
> 40 L4 3 20
L]
0 a
[} L0 2
00 e 130 a
Lo, o
a [‘ ° Q
520 | 2 % e
a
100 L L L ) 50
1300 - 2 -
o ) b4
o..
L]
& %00 - =10 |
o
CPY o o
00 2o\ o ) . " A
6 6 12 75 18 6 6 12 15 7
Si0, $i0,

Fig. 7. Trace element variation diagrams. Symbols
are the same as those in Fig. 2.

HREE & He|= Eu (+) o] & B 242
s o mtarb)9hd TheAE AARE
gef o F Algrt AR skekel ¥3by] o
ot 24z BdstelA &3] Hels Al 9
3 B A} Bodof skA|9t & A8 Eu (+)
ol A& 19} nl x5 Ae]7] w o)},

Sr-Nd-Pb S2I8A =M

Table 3o ¥4 BAAAE Qoksigdch A
ofe] #Al ¥Sr/*Sr wle dASh  (0.706309~
0.706458) "Rb/*Sr ¥]+= B33 £& WYl |
341(0.63~0.97) A stell 28 Rb-Sr A4S A
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1984). Abbreviations : VAG(volcanic arc granite), syn-
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WPG(within plate granite). Symbols are the same as
those in Fig. 2.
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Fig. 9. Multi-element spider diagram of analysed
samples. Mid-oceanic-ridge-basalt normalization factors
are those of Pearce(1983) and Bevins o al.(1984).
Symbols are the same as those in Fig. 2.

9)=)%] o3=rHFig. 11). Fig. 11904 2e= wie} 2
o] 280 Ma Wel2 ®w¥l 53 £(1982)¢] 2LE

Rock/Chondrite

J B} 1 1
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La ¢ prNsmE¥ Ga"P Dy ErT M vb
Fig. 10. Chondrite normalized REE patterns of analysed
samples. Chondrite values are those of Boynton(1984).
Symbols are the same as those in Fig. 2.

Tm
r

A AAEN B BAAES) s A9 &)
7} ale SR 17] o). 87 Ma(Shin and
Nishimura, 19939 K-Ar ZHdA ddhz A4
YSr/%Sr F9UH] 27]1X|E 0.7051~0.7056 H4
ojc}k. 0Jo4 A& Hskat £ Rb-Sr EHYL
ZAo2RE 82+1 (20) Ma®] Ht-E-22 Al
7} F- =0t

Aeke] MNd/“Nd v} “Sm/“Nd ¥ 23e F
2 APRE xdd (T2 0.78~0.81 Ga
2Joln, 87 MaZ AlAHE en(t) 42 -1.17~-0.05
Aot} malgds A APAES] Sm-Nd &
9194 24 Michard ef al.(1985)9] o2 7}
Ashgdct.

A7 7t gk 2Ph/*Pb-*"Ph/*Pb A
9} 2ph/MPh-2Ph/*Ph WA E Fig. 124 et
gich. ™Ph/®Pb-*"Pb/®Ph BA =X 3 A &(Q]
01, QJ05, 0J06)¥ Zartman and Doe(1981)¢] &
2xne Y zd(plumbotectonic model) FAHA
(orogene) A3 $ZFol A=A 2 AR (0J02,
0J0)E o}iZEol &3tk ™Ph/*Ph-"Pb/*Pb A
EME BE A8t A 23Md $1%l HA ="
o} AA o2 o ukalr||dE el Pb 54 (94HE 7
A& E AZ(0]02, 0J06)= thE A8l 118 SiO.
ko] o AAdA 2.8 28 S/ F 4] 2
7128 Zhet) AAHEA] ohE Al £x3hs Wt
7] 8P73tF-2] Pb 591¢914H](Chang, 1997)9} Bl
# 2 w(Fig. 12) 243 3P Ade R 2
2ph/#Ph, #Ph/*Ph u]E 71t et A7t &
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Table 3. Sr-Nd-Pb isotopic composition of the Onjeongri granite sample.
87, /86l Rb Sr 87131, /86 ¥Sr/%Sr 1307 4 AdpT 11 Nd

Sample Sr/*Sr (ppm) (ppm) Rb/*Sr (87 Ma) Nd/"Nd (ppm)

ojor 0.706309 (6) 111.3 334.0 0.9641 0.7051 0.512557 (4) 18.69

0Jo2 0.706359 (7) 105.2 374.9 0.8118 0.7054 0.512529 (6) 17.34

0Jjo4 0.706458 (8) 121.2 360.2 0.9733 0.7053 0.512592 (9) 15.94

0Jo4 Bt 0.805648 (52) 3794 12.89 86.0

0Jo5 0.706388 (8) 114.6 3525 0.9402 0.7052 0.512583 (4) 15.97

0Jos 0.706376 (8) 87.7 400.6 0.6332 0.7056 0.512553 (7) 20.08

Sample Sm wgmieNg  Low En(t) eph/®ph  Mpp/Mpp  Mepy/™ipy

P (ppm) (Ga) (87 Ma)

0Jo1 3.63 0.1176 0.81 -0.71 18.912 15.631 39.160

0Joz 3.15 0.1100 0.80 -1.17 18.675 15.533 38.730

0Jo4 3.15 0.1197 0.78 -0.05 19.029 15.624 38.997

QJo4 Bt®

0Jos5 3.14 0.1190 0.79 -0.20 18.782 15.616 38.958

0Jo6 3.71 0.1119 0.78 -0.73 18.757 15.559 38.857

1) Errors in parenthesis refer to least significant digits and

+26 mean. 2) Toy=1/A *In {1+[("**Nd/*Nd)sample-

0.513114]/[(*"Sm / "Nd)sample-0.2221}, A=6.54x10"%/y. 3) Bt=biotite, whole rock-biotite Rb-Sr age is 82-+1 Ma cal-

culated after Ludwig(1994).

0.712
h %
72}
\0 ’ {
0
~ 0.708 |- }
ot
7]
™~
o0
—’/’0/,_!—/*/
87 Ma
Reference Line
0.704 " ! L 1

03 0.6 0.9 1.2

87Rb / 3Sr

Fig. 11. "Rb/*Sr vs. ¥Sr/®Sr diagram for the Onjeongri
granite. Solid circles represent samples analyzed during
this study, open circles are after Choo ef al.(1982).
Error bars are shown for the data of Choo ef al.(1982).
Errors of data analyzed during this study are similar
to the size of symbols. Reference line for 87 Ma is
also shown.

3 &Y Axel o] 33K Tilton, 1983) *Pb/*Pb
vl Hubdal AAER] W 3kte] dgs) 23
L=

Vol. 7, No. 2, 1998

23 K-Ar orj

Table 4° 0J04 A& &&= 9] K-Ar dd] &4
A7E Jehhgicl E-¢-129 K-Ar ddlE= 80.2+
0.8 Ma® Rb-Sr FEAN(82+1 Ma)sl 3¢
WellA} x|}, E-229) Rb-Sr, K-Ar Aol ¥
M5+ 300+50C2 vls=3bA a3 =ch(Jager,
1979; Harrison et al., 1985). 80 Ma W#]&] &%
Rb-Sr, K-Ar <o+ Shin and Nishimura(1993)2]
K-Ar 44 dvi(87.1+2.1 Ma)el| vls 3t} o]
= 7449 K-Ar Alell did sld2%71 500C W
2] (Dallmeyer, 1978; Harrison, 1981)2 &322
vl8) FA aeiEs AR 23y 23] siuket
2] 500~350°C Ato]¢] W2h<E & oF 30°C/Maz Al
Abg 4= 9}

2N XA

2332 F7keke] 739 xZ(norm) Qz+0r+Ab
o] 80% o)kl L B An ¥kl 10%E o)
X5 Qz-Ab-Or FAlo|A A=) 328 FAsb7] o
#t}(Day and Fenn, 1982). A 2] 3}73eke] H3]
oY 2L dotrr] A3 A4 AgAE A
AlA Bgle},

Table 59l &3] 37kete] ZHd Ao digh A=
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Fig. 12. Pb isotopic composition of the Onjeongri
granite. The shaded area represents the composition
of granitic rocks in the other part of the Gyeongsang
Basin(Chang, 1997). The growth curve of “orogene’
(Zartman and Doe, 1981) is shown for comparison.

oA AFAE 293t 19 TFA A
She ZHdAl9] Al oFE o8-8 7kete] A ¢
+ Flsivh FIE-dE] Alde] spietaigtelA
AREshe 7AWl A A 4F01E kAl o] 3
Fo] AR st chielz] AAZ} Yk Hel
oA A A FAL AL Filo] gviA U
(Hammerstrom and Zen, 1986; Hollister ef dl.,
1987; Johnson and Rutherford, 1989; Schmidt,

Table 4. K-Ar data of biotite in the Onjeongri granite.

1992). ZHAA AAIE HE3] Heide 2
B, APA, abe) Ak, Alod, /184, | Fe-Ti 4t
g2 FE T3] glolok 3 o] &t
A w2 L7A] Al A EEhe] S5 (melt) oA £
2| ¥ f-Ale} FEslojof T}, Alalel o] 4H Alg
< °lE FERFL 73 glon] A e] F7)
712 AEPL-S vl FEE F8) A 5 g)
t}. o] AFME A¥AQ AT A Udx)F=
7102 <23 Al Schmidt(1992)2] A& o] 43}¢ic}.
74 A AR Al rcd 7] o] 2A1E A
Aoz vy}

A 292 ZHAA W Al oFe dA’ A 7
2| sderh AA e FA1-9) 71l 9] Al 9k A
Al W3S Holx] ko obAl W2 AbgA el
Ax e} ARG H3lE Rt} APz Al
F2 Ao} ZHA A Bo) nlwy ¢ FloldA] A
=& & 4 sltk(Table 5). ZH34 9] 714 =le]
ZA$ Schmidt(1992)2] Aol A-83514d oz 1.1~
2.0kbard] ko] AXrElV MM AAE 2
kbar o]A}e] gFolAul AFH oz o] g4 4 g)
203 A4kd tHo] AAY] gt A=kdoz
Yepdoly 2 $& ¢lot

2539 AAH(1994) 24 AAE o] &
ate] G| Gell Ex3s AL 7kete] i
317kotell vl 2 ool A= S-S Ay
2.2 #qlslgde). o) AATollA] 77 A 7}
e AR HHE 250 T AAEA Y U E B
AL koA skl 0.9 kbar, $EAF 37}
o} 0.8 kbar) B} ¢z} =t} o3} vlwe u|=
A g AR & E3ht BFAls7kete] A
AEA] Aol A ulwA FE ZoldlA A5
B obA] FalA R,

LAz 37ksto] A st A¥-ollA Fql A3t
= AL ZHA K-Ar dul7} sdske] Ax)4)7)
o} & o7} S-S XA 5= 2l7] wiiel] o] F
A 48] 3ste] #414)7]E 87 Ma(Shin and
Nishimura, 1993)2 B 7 =2|& %33},

E9

2382| szelo] oiao 3y

sample K *Ar

“Ar Air fraction

rad H
sample weight (mg) (wt%)  (10™°ccSTP/g) (10°%cSTP/g) Uncertanty (%) Age(Ma)
0J04 Biotite 15.8 5.9464 14.69 1892.45 0.40 2.24 80.2+0.8
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Table 5. Representative hornblende composition and estimated pressure of the Onjeongri granite.

A}

B4 B9 Rxabe 24 ekl oid M, FHd: A TEey AT

87

0jo1 QJo2 QJo4 0Jos

#31 #38 #70 #71 #2 #14 #46 #56

core rim rim core core rim core rim
Si0, 44,953 47.248 47.283 47.839 45.473 48.230 47914 46.743
TiO, 1.915 1.094 0.904 0.849 1.897 0.972 0.884 1.053
AlOs 7.238 5.993 5.183 4.901 7.158 4.861 4.809 5.903
FeO 14.158 14.590 15.442 15.672 15.696 16.373 16.008 16.355
MgO 13.359 13.905 13.291 13.107 12.454 12.722 12,991 12.247
MnO 0.430 0.850 1.085 1.021 0.489 1.338 0.984 1.094
Ca0 11.249 11.101 11.354 11.112 11.279 10.985 11.027 11.280
Na,0 1.516 1.476 1.108 1.154 1.674 1.200 1.192 1.246
K.0 0.811 0.507 0.472 0.475 0.795 0.455 0.417 0.573
Total 95.629 96.763 96.122 96.129 97.274 97.138 96.224 96.493
Si 6.814 7.055 7.142 7.217 6.817 7.225 7.227 7.072
AlGv) 1.186 0.945 0.858 0.783 1.183 0.775 0.773 0.928
sum 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
Al(vi) 0.108 0.111 0.065 0.090 0.147 0.085 0.083 0.125
Ti 0.218 0.123 0.103 0.096 0.214 0.109 0.100 0.120
Fe 1.794 1.822 1.950 1.977 1.968 2.051 2.019 2.069
Mg 3.017 3.094 2.992 2.947 2.782 2.840 2.920 2.761
Mn 0.055 0.107 0.139 0.130 0.062 0.170 0.126 0.140
sum 5.193 5.257 5.249 5.240 5.173 5.255 5.248 5.215
Ca 1.827 1.776 1.837 1.796 1.812 1.763 1.782 1.828
Na 0.445 0.427 0.324 0.338 0.487 0.349 0.349 0.365
K 0.157 0.097 0.091 0.091 0.152 0.087 0.080 0.111
sum 2.429 2.300 2.253 2.225 2.450 2.198 2.211 2.304
Total 15.622 15.556 15.501 15.465 15.623 15.453 15.459 15.520
XFe! 0.373 0.371 0.395 0.402 0.414 0.419 0.409 0.428
Al(total) 1.294 1.056 0.924 0.872 1.330 0.859 0.856 1.054
Pressure (kbar)
H & 7Z* 2.59 1.39 0.73 0.47 2.77 0.40 0.39 1.38
H? 2.54 1.20 0.45 0.16 2.71 0.09 0.07 1.18
] & R? 2.02 1.01 0.45 0.23 2.17 0.17 0.16 1.00
& 3.15 2.02 1.39 1.14 3.32 1.08 1.06 2.01

1) XFe=Fe/(Fe+Mg), 2) H & Z(Hammarstrom and Zen, 1986), H(Hollster ef al., 1987), ] & R{Johnson and Rutherford,
1989), S(Schmidt, 1992).

Fig. 29} 744 B% 24u] 379t Age] A4
FAEL S0, g3 AAH] AFBAE RAE
o} e Agdde 2EAEEky, Y EAE
o] AAAQ zlo], FH Bl pe] E3patg ARo] o}
£ ulamt Alele] E§, AFTILY BE (restite
unmixing) 52 24 d=s) 2 5 g}

A7 37hste] kFoll M whamt EEHE XA

Vol. 7, No. 2, 1998

T 4 e vlA 9714 T8E(MME; micro maf-
ic enclave) ¥ 19 A#d F qle VI A
o] g Holx ¢dtl AFIIUY BEYH =d
(restite unmixing model; White and Chappell,
1977; Chappell et al., 1987)°] XX|=7] s+
AR e 2 Fr1de el ARTIEder 9
Al 4 Sl 23 Fe] ] Wol Bojof |1t 1”]
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V, Nig} & 34Y4E 284y Eee A=
A wgsiA S-gAUAA Tt WEARE 5
449 AR Aoldx AhH R o vIZH|Ich
(Hanson, 1978). &4#] 37k Aske] ¢ Fig.
7414 25 SiO, kel Ftel ulet Vel o)
FA438 w3liic}. webd 2] sPrketella] Rol
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AR wal,

e Eag-o) A9 A e 2 s
A ge] YA g Sr-Nd-Pb E5144m] 271215 7}
A Aoy, a2t &A= 3734k 73-F Table 3ell
A BE 72 A g s B 2AE
J¥A 2 el sleiA 270 o)Ak Pl EA Y] BekA
g o} 7RG 2, i FRAHLR
A% 710 EAE s slof At Fig. 13004 &
= 242 3ketel Si0. kel FyEsbHA TSr/
8oy 7] A& ZHadhe A¥AS A Hold S0, ¥

o] & T X 2(0J02, 0J06)S] Pb B4l

Aoz | wkabr)ddol ), en(t) 33 SiO, ¥
2o AAE Rolx] gt} v o3 W E
e 3, mv 3o} Ao A== 53RN
(AFC)2] Azt2 s gchd Phell tisl WAz 4
o] TSr/%Sr |7} Ao B Yo e HAE w7
gok g}, AT QAo xS gl S F
LAAR wF 5 e PHoBE AQHE P
HAujel, Aduely) A 3dst, AAFETe] A
2 59 5 5 gloh Hal A Qo] Bxdh= AA B
o}7| "rlgke 28] sP7igldl vls] EAH R ¥
& 7Gr/%Gr ) (FA FHE 0.73~0.77)9 2 *Nd/
NG H] (exe(0) = -29~-18), 28] ] HA}7]9H
2l Pb 599148 (®Ph/™Pb=16.8~23.9)5 7}A|
o (A3FA] 9], F0F), Adddr] A tFe
AAH oz 242 374t} FAHE Sr-Nd-Pb 51
21 44]2 Bo)7] W (Cheong e dl., 1997) € ©}
A2 37iedel] Wiy LGAE e HI] Ajch
P8 AAFERTFY HAGES HAH LR AR
Aol B3 sk A9 fAIRE Ph FHEA
8]E 714 (Chang, 1997) 9A] A=) 3p74eke] A
ol¥t = FohAQl egAZ ¥y o ). o]
A A2 g BAATET H435 Aol A
232 nrjgle 37k Wl F3lxt4a A3iE g
Aot £3gte] FAHA] o FAHde] F-E-EF
¥ EA % Bolx| sch weid Al kF= 9l
ok F 24 3ste] Al A" 2HA,
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Fig. 13. The relations between SiO, content and
initial Sr-Nd-Pb isotope ratios for the Onjeongri
granite.

Z Pell sl A7 1 9A o) 3 “Sr/*Sr Hl7k A
o2 e e e ofck AT xF
o] glx] e A\ A ATFHEH EAL

J. Petrol. Soc. Korea



BAEA BXel Ex:she 24| oo Aid M3, FHd: AT AT 89

373 el E38oke] ez AEER 9 3 &
oll7] A e}, obt AAHER] Ul 3kste] =]3}s)
zZ Exloz B o AHAHEA] ] s)ulele] AAr
2] 8ke] 7)ukstel v]&) AliE o2 o] 314047}
AgE T A7 FE Aolele 9L 71
Tt} TR ] e x|k At A
% kst Welle vl a4 f471Adal Helgte] T E gk
o] Fe 2 AEn) 259 Nd 2dddle 119 o
%] 1223 Ax=2(Cheong ¢ dl., 1997) AAEA] vt
2] mnjold| vis) EAH g Fon 24 ket
7} v ws) B woll= ok & "Sr/%Sr ¥)(0.717 W
)t o HAZ|HAQ Ph E9) 948 (®Ph/*Ph=
19.0 A%)E 7HAc)

ol Aol A At B ulel o] A A B E LA =]
3l7tete] F9¥4AA WIE ANE 5 e oY
AE A3 Afl a2 248 sPdete
Si0., §%3 Sr, Pb 594 27|Ar} PA%
AFBAAE Holvhe HoZ B o £ AR &3
3t 7154 S wiAlsz e oES e JA AF
o] 2|zt 3ol ldt AkE5I) s A7 o)=)
= A% aesof & Zlo|v). ot A7 3p7kte]
FHUAEA Wyl ARz Bl o3 A3 Al
2]z} &4 (crustal contamination)el]l 71el® Ao
22X ¥y o8} = HeojA =9)5A 7 &4
sp7eke] BHaA, ey EAo] wlaA
2] A& w3 Azl &3 2.do]
Aot et LdA Tt 3A) gAYt L9 A
9] x|3}3k EAle] ¥ wlariel WE ke x| gl
£ 75430 A=t

248 7o A]lel g ke rEeAES
3he} F3pakgo] ofE A7) AREHAAY, =t
oyt A= Aol Al HAE 9%
2 9 (source contamination; James, 1981)¢]|x]5t
a3 75 s7iste] F9lan] 271219 Sio.
2ol Fig. 1314 & 4= gl AAA < H3lE Kol
7] o1jich

LA 7kete] EAA A A = o}
E 7FeAe 719 EA Y 83 BEAA Q] A
22 1 7FsAS wiAls & oA e &Ade 3}
73] FR(EA 6km, F5 13km HE)7} 2w
vy FA3 2| slehA £48 we] she] mha
ul gojg|dd oz A7hEr] wfel o rleAdS
3]ubgt sloloy,

AR A spfehe] S99 20)x] wishs
A wlzanke} X7t s A Al BaAg 3
TAE AR EA) 229 o F LEARE
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T W RS 2] ¥

E7Z #31 JINEd BA M 2 ¥
AAEX| CHE XY s22iRelel din

Ak o2 5% 6N FaAaE 3R
75 STl HoiAmA 3¢ A% E(arc ma-
turity)ell W& 2|-3leky EAo] delzicly &
212 Sl (Brown ef dl., 1984). & 37} vIA%H
DA 2 A (calcic) "hambrt WHE
21 3.9 AS5Ert F71PEA g A2l 5
2 fo=Ele A4y F3E #JA e o s
=HA =54 dE5X9 o] WESA A (lithospheric
mantle) &.25-E19] wAHJA(HFSE; high field
strength elements)®] #31-& A o} ojeir
AR} aAHAre] T T v 39 A
S5, & 7|4E83Y EAL ¥ 4 slokes Aol
v}, Fig. 149) Brown et al.(1984)0] AAJZ Avl
H2 vehlidel. 248 kst A5 EAE A
AR W R A9 #7ehF-(Hong, 1987)9)
Bl ®ots of Nbe] (o) oJAte] o Faislx
Sr, P, Ti®] (-) o] BolA] 9¥AY 4 F3¢ H
olth, 1 & Rb, Th, K &&= A3 o2 r}, o]
23t X 8hsha] 42 2A 7] F7tgte] AlujH oz

1000.0

Sample / primordial mantle

opl—t 4y g
RbBaTh U K NbLaCe SrNd P SmTi Tb Y

tvtr 4 ‘ot

Wujor trends with increasing arc maturity (Brown et al., l984)]

Fig. 14. Primordial mantle-normalized trace element
patterns for the Onjeongri granite. Major trends with
increasing arc maturity are after Brown ¢ al.(1984).
The shaded area represents the composition of some
Cretaceous granites in the other part of the Gyeongsang
Basin(Hong, 1987).
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Fig. 15. Rb-Nb relation of the Onjeongri granite. The
shaded area represents the composition of some Cre-
taceous granites in the other part of the Gyeongsang
Basin(Hong, 1987; Lee, 1997).

2 A5E 3 304 PS5 9l
=4 o] HEAQ A x9t 7AHUY4Q Rb-
Nb A (Fig. 15)X = &g}, 24z 37kt
2] Rb3¥} Nb 32 Fig. 15004 BEo] AAFER|
v b2 3}7)etE-(Hong, 1987; Lee, 1997)¢] u] &)
EAR g gt} o)e} 212 L 247 37)eke
HAAAZ wlamirl & #30AM AAE o gSX
Ztolu} HEQAH oz HEe) B FFo] A
22 H9e-S vlsie 48] sriete] AAER
W sk & AdiEeE £ o sP v AsE
% A faslge-& AAE 5 e Aelh,
olw7}x] My g AAEA W] Wjetr)-A) 37] 3}
74352 Rb-Sr, K-Ar <A, “Sr/%Sr A4}
ena(t) 2He Al B Fig. 163 7} A A8
£ A2l o) 2o HES Rb-Sr A} K-
Ar ZHA AdE AT o8 whd o g g
Q1F)A) 9= A Rb-Sr Ao 2 kAol
sl LA E 2oske Aloldt AHE Role
K-Ar A= A=l R4} bAoA ALsid ot Fig.
169 A" A ohA9] 739 Rb-Sr Ao
9} K-Ar FEAH7} 5 Ma o2l zjo|& e A
AHEA] W BFAL B173ekRo) BlaA x)sF ARl
Aglste] we] Y7 HE-& A = Adsch A
215 Ao A28 ¥ 100 Ma °14k2] s7bqke =t
AHCGHRD), 3RAEC), A8, AR A EA A
5 7d A g3 AAERA] B3 2ol F3hE). 60
Ma Hr} 32 3P7keke whojxl, 7hde], 234,

b 9%, ofE, Ak, BEA R F2
BAAEAY BF F& AYd F3E ] AEdn
FA el A B o) AAEA] 8 XS Al A
¥ 67~75Ma®] F-& Ao Wl FF=ch Ak
Aoz B o AYEA A AHEF-S 100 Ma
W el e} 67~75 Ma, 50 Ma Wl9]ol] AF= o] Bais
Al A E2E vehlin X194 54S slAgz
4¥ 4 glck Rb-Sr At A} K-Ar 24 o
HE & of ot v & A F iz} $lollA
AEE HH A Blelve d7deke A8k otAl(84
Ma)2} &4 =] 94A4(87 Ma) A2 WA] 9t}

T F2A o] F A dE e BxdlE 3
Zhote] B4 A, 1] x s3asbEel B 95
&y Folld G5 wEke Akl(San'in) W E,
4t8(San'yo, == 3]ZA|WH WE, F4) (Ryoke) ¥
E2 }roixlch(Ishihara, 1971; Murakami, 1974).
Zt A Eo $-¥3h= 3P7)te] A& Kagami ¢ dl.
(1992), Nakajima(1994), Nakajima(1996) Sl 2<F
5o glth Akl M EE Mo B3tdl2 EA= YA
VX3 3PIoRS T2 18, A Alde AR
dAelct. Al 3719 3Pkl F-2 4kl HEd] I3
ol FX3h= ALE deiA Q) Aks HEE W
FINE A= 13, EbAA Alge] Ak wkt
7pete] F2 23} 8A) WE FE3E 37
b B3lahg-g A9 SulelA] ko 1§, Elebd
A Age] 5 olF 1 EAH R X3} AR(4.0~
8.5 kbar)ellA A x]ste] E3] d2lE waloh Ag o
Eoll £X3h= IR ddle £&F0= 714
Al FolAE ARAE 2o SE 4y =d(ridge
subduction model)e] AA1E ¥} 9lch(Kinoshita and
Ito, 1986; Nakajima ef al., 1990; Nakajima, 1994).
o] =] o3l wigthEo A=) o] HepA]
obgt} v|AFHA| Wty A=) whd =) Ay
o] %l AU R =§3le] sMAiEFo) s WA
uhd MFo2RE] £ R dojytrhs Ao},
o] B2 3l7ioke] Arf EEE chealA Uus) 2
T UAEL Al 3719 F7dsle] Akl Wl E Q) gk} 2]
ot Lxsh= F I 2 Gelld fHeAe) &
Az A== 3 AdATIe sAEEe] 27171
AX3}A] o= A, aelx s Al o wHEe =]
£ rlambt gy o2 driXeln Aqpeele A
5= d"s A F¥H(Terakado and Nohda,
1993). FAHReIE S7koke] AfEE AA7L 85
e A F£037 7hix AR derhe F
= A71=E 2 1) (Suzuki and Adachi, 1998) &)
2 A9 2deo A9 7 AATE Al EHE &1
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Fig. 16. Summary of Rb-Sr and K-Ar age and initial isotope ratios of Cretaceous to Tertiary granitic rocks in the
Gyeongsang Basin. Initial isotope ratios marked with stars(*) were calculated using the age of 75 Ma(Woomisan),
70 Ma(Namhae and Geoje) and 63 Ma(Geumjeongsan) by Kim ef al.(1996). Some initial isotope ratios of Kim et al.
(1996) were recalculated based upon newly published age data. References (1; Jin, 1988, 2; Shin and Nishimura,
1993, 3; Na, 1994, 4; Lee et al., 1995, 5; KIGAM, 1995, 6; Kim ef al., 1996, 7; Kim et al., 1997; 8, Kim, 1997, 9;

Kim and Kim, 1997, 10; this study).
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AR koo ddle 9 AeE ule)
o] AgA] $£X 5 WA & Bolu] XFd 100
Ma ©)A+e] 3}7kete] F2 B¥3lw §F 2| 37
o] 37kste] AlFHr). ol2dl AL ASA o
2] Al9)(steady state subduction) 22+ 49 3}7]
olg]$n] AHojx REPo v = Hagly 2L &
HAroln 9ub- Q] LA (episodic event)& A
glof & 7o g Aztgr). 22’ # el wEdkd
242 #7387 Ma)# A3l 37H(84 Ma)9]
Adls 2 24 3 F5E FEAR ALY R
7} A o2 Ato} AR Hubel] AA Avh=
velA] 235 Aoz dAE 4 glch ’

A A2 Ut EX3e MR 4 dE
Ha EXQ 994 FAE Bt vz
2 E v Akl HES s3he 2 FAS B
ol AY tiA H3hxo] ¢l o (¥Sr/*Sr = 0.705~
0.711; &x(t) =-6.9~1.2; 8“0 =8~9), At WE
o} B84 e F3kE]o] Sl sPH(USr/*Sr
=(.706~0.715; &na(t) =-5.9~-4.1; 8*0=9~14)
o] 72 B ¥¥ch(Kagami et al., 19928 A= 3
Z). ARER O Ex3l= sk F 7 Yakd
EAE Bolx Al dEl dAl(enva=-6.6; Kim

8 T
[
Variations|
MANTLE ARRAY in 30 Ma
4r |
A
o
T 0 - %Gy — — - — — —
Z
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| 1]
-4+ |
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8 P A ] i
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Fig. 17. Sr-Nd isotopic correlation of granitic rocks
in the Gyeongsang Basin and the Inner Zone of
Southwest Japan. The ¥Sr/*Sr ratio of the bulk earth
(BE) is calculated as 0.7044 at 80 Ma. Approximate
variations in initial ¥Sr/*Sr ratios and end(t) values
of the granites in 30 Ma are also shown. Symbols :
solid circles; Onjeongri granite, solid triangles;
granites in the other part of the Gyeongsang Basin.

Ho

et al., 1996)F HoF oFA (¥Sr/*Sr = 0.7070; Jin,
1988)0] A5t AukA © 2= Fig. 17414 B ule}
o] A QB2 Alg, g WE 37}t uls)
v 2A ZAAo|tt. Fig. 17 £44Q) 374t
¥4 A4S 7Y o 30 Mad] ddiRte]d
2l8) Febd 4= gle Sr, Nd S¢94m] 27]2]9]
W3l W E e Jehideh ew(t) 3
7% A9 Wl §e-S & F ok AEA W
wjoly| sh7keke] Med §%0 Zhe 3.7~9.8 W2
(Kim et al., 1992) AtQl W E 3}7)qke] A3} o
2gke}, 1 9ol AAHER] W Wty sp7kste] WL
2 AR YA A AN AL e
= A, a8 dF AGeA] Al 3719 defizt Bl
e Ax ARl Y E 37)ote] EA7 U X|jirt, o]
o} 7o) AAFEA] Wl Wetr]-A) 37] Ak 1 <
A8, A|sbEhA EAo] A & Al HE
37t A& oiulE & ook A" #A3s Sr,
Nd 5994 2tae AEA 9} Ad 8 st
9] 99L& 2% 38 9E dolx 71 2AAQ
o) = (Fig. 17) ol WS Zolvt &
B Bl o3 B4 Fgo) HE dsd A
£ A A sk A Ao} z3lAoct

ZBAFEA Wl X3z etr]-A 37] sk
o} ¥Sr/*Sr A= F3AE Al Lo A7t
Z+7F 0.7066, 0.70702-2 Ay o2 Fonf Wl
242 37 59 Al 37] hAleF A, vhAL, Al
st elxE 0.7050 Y2 & Ho|rk(Fig. 16).
o] & nhik gtA2) S ohE shAlel vla] A
o2 o8 (100 Ma)el 9%t A3} wj&e|ct
ena(t) 3] 745 HMbA o2 ¥Sr/*Sr 2AYA| o] W
35 ot Halsl(Fig. 16) B8l ¢HAlolA Ad
F& ghe Beltk(-6.6). Falgtel 7l7be] x|t
ot FollMe FAA R Fabd gho] HolA] &
£} I7HR] S 28 AP AAREA] W Hetr]-
A 37] 3LF F P 13 BAS A e
AL, ek, gl Al F Adiv g A A @2
) oA E AlYsla YA 75 Ma AR
dAsichs Aeolt). & A 3719 e 9 o
AE A stne 25 2AAAA £ Holw 100
Ma oo} hAl 4] vz 2A4#Q 5L 7}
A}, & o] B 282 FalE|ojo} A 0|9}
2 FAR 54 3 &5 A7) wEeixl 3
73otEe] 714 BAle] fARlE 7HsA S Ak

F9dArd BA o B o AEA] W AR
7} AR vl E¥she afd ZUhR(Nd 2
dodzd-& 1421~382d; Lan ef al., 1995)2} f-ARE
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AR B o] A Al L5l 23] HEARS
7hsAe AA FA"E) a8l AR L) Ad
A& Vol Exshe ST F ulad 244
Ql BAE wole 248 e Aol = en 3
£ -1.2~0 lﬁ'ﬂi 75%“3‘5‘(8Nd(87 Ma)=9 LH'Q’])
o vlsiA= FA3HA ot £ BEAA (mantle
wedge)oll $1x|3h= A7} 315 WS W (sub-
continental lithosphere)e] S¥¥A4 o2 AYRE
of u]a] Fahsjo] gloka A7 A wHWilson, 1989)
AR 9} A A8 Yool HEs= PHSR
5o A kA7) SE] A A ¥l o3
A o271 g th(Kushiro, 1974). weby A
AR 7R shAssh, 9t B
FH&(Nd 2ddzeog B o 9od o) 3147
7k, £ d5EA mlanb} REeR|e APeR
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1981; Weaver and Tarney, 1984). &4 o153 nle}
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Geochemical and Isotopic Study of the Onjeongri Granite in the
Northern Gyeongsang Basin, Korea : Comparison with
Cretaceous to Tertiary Granitic Rocks in the
Other Part of the Gyeongsang Basin and the
Inner Zone of Southwest Japan
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ABSTRACT : We analyzed geochemical and radiogenic isotope data to investigate the genesis and
source characteristics of the Onjeongri granite in the northern part of the Gyeongsang Basin. Field
observation and K-Ar ages confirm late Cretaceous intrusion (ca. 87 Ma) of the Onjeongri granite.
The hornblende geobarometery gives less than 2 kbar for the emplacement pressure of the Onjeongri
granite. Geochemical and isotopic compositions suggest that the Onjeongri granite was formed in a
relatively immature arc system. SiO, contents show a negative linear relationship with initial “Sr/*Sr
ratios, and an apparent positive correlation with “Pb/*Pb ratios, suggesting an incomplete mixing or
assimilation. However, the isotopic data known for any exposed rocks of the study area do not fit as
an endmember, implying that the contaminant might reside in the lower crust. A review of published
1sotopic ages, geochemical, and Sr and Nd isotopic data for the Cretaceous to Tertiary granites in the
Gyeongsang Basin indicates the followings. 1) Granitic magmatism in the Gyeongsang Basin were
episodic. 2) Granitic rocks in the basin were derived from young (<0.9 Ga) lower crust, and their
isotopic signatures reflect heterogeneous source region. Geochemical and isotopic signatures of
granitic rocks in the basin are difficult to explain by upper crustal contamination. 3) Granites in the
Gyeongsang Basin have closely related to those in the San'in Belt of the Inner Zone of Southwest
Japan in terms of age, petrography, and isotopic and geochemical composition. 4) Sr-Nd isotopic
signatures of the Onjeongri granite are relatively primitive compared with granitic rocks in the other
parts of the Gyeongsang Basin and in the Inner Zone of Southwest Japan.

Key words : Onjeongri granite, Late Cretaceous intrusion, Immature arc system, Episodic, Lower
crust
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