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K-Ar Ages and Geochemistry of Granitic Rocks in the
Northeastern Gyeongsang Basin

Sang Jung Kim*, Hyun Koo Lee*; Chan Hee Lee* and Tetsumaru Itaya**

ABSTRACT : The granitic rocks are widely distributed in the northeastern Gyeongsang basin, and are subdivided into
the Youngduk, Younghae, Jangsadong and Onjeong granite. Based on the chondrite normalized patterns of REE by
primitive mantle, the Jangsadong granite is more negative Eu anomaly than other granites. On the patterns of trace and
rare earth elements normalized by primitive mantle, Sr, P, Nd, Sm and Ti contents of the Youngduk and Younghae
granites are higher than those of Jangsadong and Onjeong granites. Based on K-Ar ages, the Youngduk granite is 166.5
Ma for biotite, Younghae granite is 158.7 to 178.0 Ma for hornblende, Jangsadong granite is 113.8 to 118.4 Ma for K-
feldspar and hornblende, and Onjeong granite is 67.4 Ma for biotite. Thus, geochemical and geochronological results
suggest two plutonic episodes: the Youngduk-Younghae granites (178.0~158.7 Ma) and Jangsadong-Onjeong granites
(118.4~67.4 Ma). Jurassic plutonism (17°C/Ma) cooled faster than Cretaceous plutonism (26~54°C/Ma) in the study area.
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Table 1. Previous geochronological data for granitic rocks in the study area.

. F.T. Age Rb-Sr Age K-Ar Age
No. Mineral (Ma, +10) (Ma) (Ma) Reference
Youngduk granite
234 Ap 165.15+ 8.36 Kim (1988)
Sp 154.574+13.52
131 Sp 157.39+11.05 Kim (1988)
020 Sp 178.20+14.43 Kim (1988)
85-17 Ap 3438+ 2.26
Zr 154.32+10.14
85-19 Ap 35.72+ 3.02 Jin et al. (1989)
Zr 150.36+ 8.24
Sp 190.55+17.07
K112 Bt, Wr 185.0+2.8 Choo et al. (1982)
Bt 1435+1.7 Jin et al. (1984)
Younghae granite
234-1 Ap 76.96£5.04 Kim (1988)
Zr 77451426 ’
Sp 80.701+4.33
030 Zr 80.92+4.33
141 Ap 65.30+3.19 Kim (1988)
85-13 Ap 36.16+4.02 Kim (1988)
Zr 66.941+3.36 Jin et al. (1989)
Jangsadong granite
157 Ap 61.65+£2.22 Kim (1988)
Zr 69.631+2.49
Sp 74.70+3.92
Onjeong granite
035 Ap 64.90+£4.53 Kim (1988)
Zr 75.97£3.32
Sp 74.57+2.96
127 Ap 75.69+£5.94 Kim (1988)
Zr 72.87£3.55
Sp 74.7313.46
204 Zr 69.12+£3.29 Kim (1988)
85-11 Ap 42.90+3.61 Jin et al. (1989)
Zr 68.921+3.77
Sp 82.81+4.46
85-12 Ap 50.28+5.43 Jin et al. (1989)
Zr 66.12+2.96
Sp 78.03£4.61
K110 Bt, Wr 96.0+14 Choo et al. (1982)
Bt 80.6£4.0 Jin et al. (1984)
K111 Bt, Wr 84.0+1.4 Choo et al. (1982)
Bt 84.0+4.0 Jin et al. (1984)

Ap; apatite, Zr; zircon, Sp; sphene, Bt; biotite, Wr; whole rock.
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Fig. 1. Simplified geological map and sampling sites for K-
Ar dating in the study area (by Kim, 1988).
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Table 2. Representative chemical compositions of granitic rocks in the study area.

. . Jangsadong . .
Youngduk granite Younghae granite Granite Onjeong granite
831-17 1101-5 1101-7 9412-1 831-18 1209-2 DA33 DA34
wt.%
SiO. 68.12 64.15 61.77 68.30 74.46 76.00 71.04 72.80
TiO, 0.42 043 0.53 0.38 0.18 0.08 . 0.14 0.10
ALO;s 15.77 16.02 16.14 15.13 12.79 13.68 14.86 13.91
FeO* 2.69 4.51 5.20 3.73 1.51 1.02 1.74 255
MnO 0.04 0.09 0.10 0.08 0.02 0.01 0.03 0.03
MgO 0.72 1.80 2.64 1.19 0.19 0.06 0.18 0.12
Ca0 2.40 373 3.89 323 0.28 0.29 0.51 0.29
Na,0O 5.26 3.86 3.56 353 3.81 4.53 5.09 430
K0 277 2.59 2.66 375 443 4.59 5.06 413
P.0s 0.15 0.12 0.10 0.11 0.04 0.02 (.02 0.03
LOI 0.85 1.82 2.00 0.53 0.63 0.52 1.25 0.49
Total 99.18 99.11 98.57 100.20 98.32 100.79 96.10 99.03
ppm
Ba 999 456 412 512 509 595 85% 736
St 856 848 437 375 103 215 275 147
Rb 55 46 88 63 84 127 8% 130
Y 6 18 20 19 8 4 7 7
Zr 164 89 111 126 107 81 152, 118
\% 34 75 104 41 10 2 4 2
Hf 41 29 3.7 43 39 31 4 3.6
Co 6 12 15 6 5 3 K 4
Cr 12 16 16 25 16 11 16 17
Ni 4 6 6 17 11 7 1& 54
Cu 21 16 17 11 6 4 12 21
Pb 14 <5 <5 16 8 13 21 14
Zn 86 101 55 29 24 17 26 36
La 29.0 18.5 10.5 31.6 24.1 211 379 23.6
Ce 54 44 25 62 41 17 5¢ 29
Nd 21 21 13 18 14 11 1¢ 12
Sm 3.0 43 31 35 18 1.5 23 2
Eu 0.8 1.0 0.9 0.8 0.5 0.6 c.5 04
Yb 0.4 1.4 2.1 1.9 1.0 0.6 €5 05
Lu 0.05 0.23 0.31 0.34 0.18 0.11 €13 0.11
¢ 5L e ] & TF UAE YT Si0,/ MgOs} Sr/Ced] #
AN Gt Fa) SFAAE B g R 3%
0|2RA U S|ERAL 3] W& Si0y/MgO H|E Hojut S5r/Ce ¥lE &2 3&
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5), Sr, Y, V% Zne ¥9] 4FBAE Eol1 Rbe= # A (Sun, McDonough 1989)c. 2 F-F31A171H (Fig. 6),
o] F#HFAAE Z-=th. Table 1614 BoF= nle} o] AR FE8 S B, &) sikA o 94y LAl
99 spASAE Sre} Zno] ¥3F (848~856 ppm, 86~  Sr, P, Sm R Ti F°] BAE B 2% A< wiE) *,,
101 ppm)el £, FAHE HFPAE R St BF P $2E 3YL A0 53 & HYAAE P, T
(103 ppm)E z=th Rbe 2% sHAeA (85~127 7t 42s] 2¥E ¥3e zeth 71&9 ‘Etﬂé—%‘oﬂf‘i
ppm)7} Tha %%% S zton, 99 AL 46~ H| &3 BYAZIE Zhe 8 AL, e S UA
55 ppmE 2 FFE zerh Co 3 Cre J3) s 2 &% PAAAE vas) Hobe g8 AL S,
A} (6~15 ppm, 16~25 ppm)7} ©+& SPFA Eot vl P, Sm, Ti, Y 2 Yb TolA FALE % 2% oA nct
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Fig. 2. A) Major elements versus SiO, variation diagrams.
B) FeO* and TiO, versus MgO variation diagram. open
squares; Youngduk granite, filled squares; Younghae gran-
ite, open circle; Jangsadong granite, filled circles; Onjeong
granite.
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2% Bt BALE HRA
Pe weld ok NE 3 £4 32
A SFAA ke ThE S0 e et B

—{) u,% rlr

o dg A7eed 4 K-Ar 9 145

3 T
g" | Peraluminus
S |
-
£ |
+
S !
o t————-""1"——— == = - 4
) R | R
o Peralkaline Metaluminus
o
<
0 ] .
0 1 2 3
A,03/(Na,0+K,0)

Fig. 4. ALO;/(Na,0+K,0) versus ALO;/(CaO+Na,0+K,0)
diagram for granitic rocks in the study area. Symbols are
the same as in Fig. 2.

009 5 o Sr 160 1 Rb
120 4 * e
500 4
"o g0{" * o
L ] ° E
100 — v 40 2 ,
60 70 80 60 70 80
20qm I 1109 » vV
B
10 4 55 1
g ee° .}
L ]
0 0 e
60 70 80 60 70 80
Sio,
107 4 Zn 40 Sr/Ce
=]
609 o 20
* [ ]
®e o, o ® ¢
10 ' T s e
60 70 80 0 350 700 1050 1400

Si0, Si0,/MgO

Fig. 5. Some trace elements versus SiO, and SiOyMgO
variation diagrams. Symbols are the same as in Fig. 2.

sleh,

S EF U2 F8F (ZREE)S 99 27}
90.47~108.25 ppm, D& LA += 54.91~118.10
ppm, FAE 373 AE 82.58 ppm, 24 A=
51.91~115.33 ppme| Hlolt}. AEFHAY FFT
z7] WEzAezr EFF3AZ AR (Sun, McDo-
nough, 1989) 1A% sFdAe vlwd FAS A

S-S Bolu, 98 9 o A BRTE FAE
2 23 AGA7 F9 2 T Eugkd Ry
(Fig. 7).



1000 3 Youngduk granite
B Younghae granite
© Jangsadong granite
@ Onjeong granite

o 100
€
[}
=
2
€ 10
£ B
a
x
[53
O
04
1

T ] T 1 T T T T T T T T T 1
Rb Ba K LaCe St P Nd SmZ Hf Ti Y Yb
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Fig. 7. Primitive mantle normalized REE patterns for gran-
itic rocks in the study area. Primitive mantle values are
from Sun and McDonough (1989).

K-Ar A=A
AEEH| Y 24

AE4 S il 99 At U, d8l a3 2.
e B4 2 2 23 Y ViE A¥sidd:
(Fig. 1). ol 2159 #3739, 4= € AEE I
d, 831-17: AR T AFA ety (59 36267
90", 273 129°16°557), 9412-1: A% JE9F W IH
23E ST (29 36387607, BH 129227
607), 1101-7: A8 49T B I3H Y% YXulg (&
9] 36°37° 30”7, 57 129°24° 707 ), 1101-6 : A= A<
T 94§ v A38E (59 36°26° 707, T4 129°
24°907), 831-18: A H 94T W e AT
(B9 36197907, B7 129°227807), 1209-2: 3 &
AP M2 44T S HAt (B9 36407 057, B2

- o] 23] - AR

129°23° 097 Yo},
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ppm Cs bufferS AH$-3te] AzFREA 7o 28 4
3ttt (Nagao ef ol., 1984). £4E 3 Al5e HEZE
271614 HF (47%)$+ HNO; (60%) 2 2321711, 1241
5 90°CE 71EAZIT o2 A 288 AR taliA
Z254E 71X 3 20080 T 1000E 2 gaste] &
Mol ALg3it), o3 B 3-8 FEA R h
AHAT 29 viwte] ox2 BYvh B4 FFAIEY
Zro] mA| A goll thalA] 23] B4 & -HAISle 4 vt
2% o\ L] BFAE AuiiA4del AE3tETh

oz BALe B 97lopr} olittfd} AAHTAT
o] AR E PAr Ano|AE o] 4] AFEMVIZ £
25kt o] AeEA7|E Nagao, Jtaya (1986)°] 213l
AlZo] A A=A 30 cm, BEF2 90° A AT
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Table 3. K-Ar ages for granitic rocks in the study area.
Rock name Rad.®Ar Non-Rad.
Sample No. (analyzed mineral) K (wt.%) (10"*ccSTP/g) Age (Ma) “Ar (%)
Youngduk granite
831-17 Homblende granite(bt) 1.87£0.09 1266.5+19.7 166.5+8.3 46.3
Younghae granite
9412-11 Hornblende granite (hb) 0.58+0.02 372.1%41 158.7+4.9 7.5
101-7 Hornblende granite (hb) 0.49+0.01 357.1£5.5 178.0£4.3 10.4
Jangsadong granite
1101-6 Feldspar granite (hb) 0.34+0.01 161.0+4.6 118.4+4.0 15
831-18 Feldspar granite (k-f) 10.38+0.21 4730.7+65.6 113.8+2.7 15
Onjeong granite
1209-2 Biotite granite (bt) 4.39+0.09 116881142 674116 114
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A= K09 &Fo] 3.06~4.59 wt. %2 T} 37 et R
o B F9e 2t @9 Sr 2 Zno) F¥L 99 3
Z4A7E 7V T3 (848~856 ppm, 86~101 ppm),
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g ¥Ry 2 F3E Helxn glon, o|F A
s 2 23 a72ARe Sy, P, Nd, Ti 59 33
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Fig. 8. Histogram of radiometric ages for granitic rocks in the study area.
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