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Geochemical Characteristics of the Cretaceous Jindong Granites in the
Southwestern Part of the Gyeongsang Basin, Korea: Focussed on Adakitic
Signatures '
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Major, trace and rare earth elements data of the Cretaceous Jindong granitic rocks were investigated in order to
constrain ‘the magma source characteristics and to establish the paleotectonic environment of the southwestern part
of the Gyeongsang Basin. Geochemical signatures of the granitic rocks from the study area indicate that all of the
rocks have characteristics of calc-alkaline series in the subalkaline field, and progressively shift from metaluminous
to peraluminous with differentiation. In the variation diagrams, the overall geochemical features of the granites
show systematic variations in major and trace elements. Chondrite normalized REE patterns show generally
enriched LREE((La/Yb)c=4.2-12.8) and slight negative to flat Eu anomalies. Rb-Sr isotope data of the Jindong
granites show that the whole rock age and Sr initial ratio are 114.6+9.1Ma and 0.70457, respectively. The Sr ini-
tial ratio of the Jindong granites is very similar to those of the Creataceous granites from Masan, Kimhae and
Busan area(*’Sr/*6Sr=0.7049-0.707). These results suggest that the magma have the mantle signature and intruded
into the area during the early Cretaceous age. The Jindong granites have higher Al,O;, Na,O, Sr and lower K,0, Y
concentrations compared with typical calc-alkaline granitic rocks. These adakitic signatures are similar to those of
adakitic pluton on Kyushu Island, southwest Japan arc. On the ANK vs. ACNK and tectonic discrimination dia-
grams, parental magma type of the granites corresponds to I-type, VAG granite. Interpretations of the geochemical
characteristics of the granitic rocks favor their emplacement at continental margin during the subduction of Izanagi
plate.

Key words : granite, adkite, calc-alkaline, [-type, VAG
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4 GM: Gyeonggi Massif
OB : Okcheon belt

YM: Yeongmim Massif
GB : Gyeongsang Basin
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Fig. 1. Geological map showing the sampling locations of Jindong granitic rocks (after Park et al., 1985). In the inset
diagram the tectonic provinces of southern part of the Korean peninsula are shown.
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Table 1. Major element contents of the Cretaceous Jindong granites (wt.%)

Sample SiO, AlLO; FeO;3 FeO MnO MgO CaO NayO KO TiO, P,0s LOI TOTAL
GB-4 59.04 16.76 0.59 5.17 0.09 2.74 5.81 3.10 3.30 0.62 0.17 1.78 99.16
GB-5 58.03 16.62 1.47 6.37 0.09 2.85 5.52 3.53 1.76 0.75 0.28 2.28 99.54
GB-6 6537 1597 0.90 3.56 0.03 1.86 4.61 3.96 1.28 0.47 0.16 1.76 99.92
GB-8 5834 18.14 1.28 3.85 0.06 2.65 9.04 4.57 0.32 0.77 0.26 0.74 100.00
GB-I 5129 19.55 5.03 4.65 0.21 4.87 9.06 3.24 0.35 0.78 0.15 0.32 99.51

GB-IV 61.61 16.72 1.01 5.39 0.05 2.00 3.38 3.86 2.00 0.50 0.22 2.06 98.80
HA-1 5855 1729  2.60 425 0.13 3.05 6.27 3.60 1.61 0.67 0.16 1.14 99.32
SM-3  67.13 1524 1.66 2.53 0.04 1.46 4.07 3.58 2.42 0.41 0.12 0.84 99.48
SM-4  68.05 15.05 1.81 2.55 0.04 1.50 3.84 3.53 2.64 0.42 0.12 0.62 100.16
SM-5 6696 14.93 1.65 2.67 0.04 1.45 3.95 348 243 0.41 0.11 1.19 99.27
SM-6 68.00 1524 0.10 3.59 0.03 1.30 3.91 3.49 2.53 0.38 0.11 1.06 99.73
SM-7 6248 16.69 3.35 2.33 0.05 2.11 5.36 3.79 1.99 0.59 0.18 0.58 99.51
SM-8 5879 18.04 0.52 4.00 0.06 3.12 8.61 4.60 0.36 0.75 0.25 0.45 99.55

SM-8K 67.76 15.12 1.37 2.82 0.04 1.43 3.77 3.50 2.68 0.40 0.11 0.72 99.73
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Fig. 3. Major element variations against SiO,(wt.%) content of Jindong granitic rocks. Light gray shaded areas are the
adakitic field(Kiji et al., 2000). Masan and Suncheon-Gwangyang data from Lee(1994) and Park ef al.(1993).
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Table 2. Trace and rare earth element concentrations of the Cretaceous Jindong gramtes(umt in ppm)

Sample Rb Ba Sr Y Sc Zr Nb Hf Ta Th Co La Ce
GB-4 97 698 546 18 13 113 5 34 03 5.9 15 185 329
GB-5 68 400 469 19 14 112 5 33 04 53 15 284 535
GB-6 31 458 537 13 9 125 5 3.6 0.3 6.2 17 250 451
GB-8 4 168 707 16 13 97 4 2.7 0.2 23 11 17.1 38.9
GB-IV 76 138 571 12 20 26 4 3.5 0.3 4.5 19 273 492
GB-1 14 441 395 18 9 128 4 0.9 0.0 0.8 20 8.1 163
HA-1 51 286 467 22 14 122 5 3.6 0.2 45 15 207 435
SM-3 68 544 352 17 8 122 8 38 0.4 8.5 7 199 372
SM-4 71 577 341 20 7 144 6 4.4 0.4 9.6 7 23.5 440
SM-5 74 518 344 17 7 138 6 4.2 0.4 9.4 7 152 28.4
SM-6 71 567 355 15 7 125 5 38, 04 9.4 6 15.1 27.5
SM-7 51 518 491 20 11 164 5 4.6 0.3 6.8 12 23.1 438
SM-8 5 164 686 19 13 81 5 2.3 0.2 2.7 7 15.5 35.8
SM-8K 80 614 355 15 8 127 5 39 0.4 8.8 7 243 458
Sample Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
GB-4 398 153 37 1.01 3.6 0.6 33 0.7 2.0 0.33 2.0 0.30
GB-5 616 221 - 44 1.15 42 0.6 35 0.7 2.0 033 2.0 0.30
GB-6 499 16.7 3.1 0.93 2.7 04 2.2 04 1.3 0.20 1.3 0.21
GB-8 499 193 3.9 1.44 3.7 0.5 3.0 0.6 1.7 0.27 1.7 0.26
GBIV 590 214 43 1.24 38 0.6 3.1 0.6 1.8 0.26 1.6 0.24
GBI 211 9.4 2.2 1.14 24 04 23 04 1.3 0.20 13 0.20
HA-1 554 213 48 1.09 45 0.7 4.1 0.9 24 0.38 2.4 0.35
SM-3  4.17 16.4 32 0.87 29 0.5 2.8 0.5 1.7 0.30 20 0.30
SM-4 518 200 3.8 0.93 3.5 0.6 33 0.6 2.0 0.35 2.4 0.36
SM-5 327 1.6 2.6 0.82 2.6 0.4 2.7 0.6 1.7 0.30 2.0 0.30
SM-6  3.24 11.6 25 0.79 2.6 0.4 25 0.5 1.6 0.27 1.8 0.29
SM-7 336 19.4 42 1.10 4.0 0.6 3.5 0.7 2.2 0.35 23 0.33
SM-8  4.73 18.5 4.0 1.35 38 0.5 33 0.7 1.9 0.30 2.0 0.28
SM-8K 5.20 18.1 3.7 0.88 34 0.5 2.8 0.6 1.7 0.29 1.9 0.29
HFSE(T, Nb, )9} 22 #8790 @& daEe 3 28] VG54-30 ol 23 FEA7I(TIMS)E ©1-8-31
e P BFed, ol AYdish #dse] A4 ZAEYY 1 A= Table 301 e 249
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Fig. 4. Trace element(unit in ppm) variations against SiOxwt.%) contents of the Jindong granites. Shaded areas are the
adakitic field(Defant and Drummond, 1990; Kiji et al., 2000; Ishihara and Jin, 2005).
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Fig. 5. Primitive mantle-normalized trace element patterns
for whole rock samples from Jindong granitic rocks.
Primitive mantie-normalization values are from Sun and
McDonough(1989). Dark and light gray shaded areas
represent ranges of samples from the Masan and
Suncheon-Gwangyang area (data from Lee, 1997 and Park
etal., 1993).
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Fig. 6. Chondrite-normalized rare earth element patterns
for whole rock samples from Jindong granitic rocks.
Normalization values are from Sun and McDonough
(1989). Dark and light gray shaded areas represent ranges
of samples from the Masan and Suncheon-Gwamgyang
area (data from Lee, 1997 and Park ez al., 1993).
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Fig. 7. Rb-Sr whole rock isochron of the Jindong granitic
rocks.

Table 3. Rb-Sr isotope data of the granitic rocks in the
Jindong area

Sample  ¥7St/*58r)  Rb(ppm)® Sr(ppm)® ¥Rb/*Sr
SM-4  0.705324%9 672 347 0.5592
SM-5  0.705404+8 728 352 0.5974
GB-1  0.704545:8 737 582 0.0367
GB-4  0.705949+8 739 300 0.7133
JD-16 070525748  70.4 512 0.3967
JD-21 07048925  51.6 495 0.3019
D23 0.705244+5 577 571 0.2926
JD27  0.704706+7 36 683 0.0154

(Standard deviation by 2 sigma.
IThe value of NBS987during experiment was 0.71019.
@Apalyzed by isotopic dilution method.
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2 32 AYdiet #sle] AEE d99 sigAzt
(subducted oceanic crust: Maruyama et al., 1997)
oll} @7]Ad8AZ(mafic lower crust: Kagami ef
al., 1992)9] BE-8-go] 2lal] ThEo)xl wlantERE
ARE oz AFHQ =AY} vl
sl Bo Sr ¥ we Yo oz FEATHDefant
and Drummond, 1990). ol&1& A\s}sts EA4E& A
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T YE AR YT T K] wepr] st
ASoA] |28t adakiteSo]l HAHH, o] YAES
BIA71(120~100 Mapest opel a3l HAY
A 22 $17] (paleo-tectonic environment)®| &3}
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AR frArsTHKamei, 2004).
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AAFE vlE) FriHoeR & A0, Na,0 2 Sr
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g =™, Kiji et al(2000)0] AX|8t adakite®]
ZA9HA2(ALO,, K,0, NagO, Mg0) 2 w2l a(Sy
Y, Rb)e] FHal 9ol i) Aot A9
“HFigs. 3 and 4). Y¥FF o2 adakite® TH31= 7}
F Fe Aoz 4#37 SY vs. Y(Defant and
Drummond, 1990)014 REsALFEL ZF2AU
o] t}2 wiely] 7Rl FEH adakited Tl
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Fig. 8. Sr/Y vs. Y discrimination diagram for the adakite.
Modified St/Y ratio of adakite range(Ishihara and Jin,
2005) is used in this diagram. Shaded areas represent
adakite range(dark gray) and compositions of the
Cretaceous granites(light gray) from Gyeongsang Basin
(data from Lee, 1997; Jwa, 1998; Lee and Lee, 1999).
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Fig. 9. (a) Normalized average trace elememt plots for the Jindong( @), Kyushu( A ), San'yo belt( ¥ ), Sulu belt( M), Dexing
( @) and average adakite( » ) (data from Condie, 2005; Guo ef al., 2006; Kamei, 2004; Kiji ef al., 2000; Wang et al., 2006).
Primodial mantle normalizing values from McDonough et al. (1992). (b) Chondrite normalized REE patterns for the
Jindong( @), Kyushu( A ), San'yo belt(¥ ), Sulu belt(l), Dexing( ) and average adakite( » ) (data from Condie, 2005; Guo
et al., 2006; Kamei, 2004; Kiji ef al., 2000; Wang e al. 2006).
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