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Abstract: The Samyuri area of Jeoksang-myeon, Muju-gun at the Middle Yeongnam Massif consists of
granitic gneiss, porphyroblastic gneiss and leucocratic gneiss, which correspond to Precambrian Wonnam
Series. Here we discuss a geochemical implication of the data based on major element composition, trace
element, rare earth element (REE), Sm-Nd and Rb-Sr isotope systematics of the boring cores in the granitc
gneiss area. The boring cores are granitic gneiss (including biotite gneiss) and amphibolite. The major and
trace element compositions of granitic gneiss and amphibolite suggest that the protolith belongs to TTG
(Tonalite-Trondhjemite-Granodiorite) and tholeiitic series, respectively. Chondrte-normalized REE patterns
vary in LREE, HREE and Eu anomalies. The granitic gneiss and amphibolite have Sm-Nd whole rock age
of 2,026 1230 (26) Ma with an initial Nd isotopic ratio of 0.50979+0.00028 (initial g,=—4.4), which
suggests that the source material was derived from old crustal material. Particularly, this initial &€ Nd value
belongs to the range of the geochemical evolution of Archean basement in North-China Craton, and also
corresponds to the initial Nd isotope evolution line by Lee et al. (2005). In addition, chondrite-normalized

*Corresponding author: sgl@kigam.re.kr Tel. 82-42-868-3376

127



128 ol - ZEA - AE

REE pattern and initial Nd value of amphibolite are very similar to those of juvenile magma in crustal

formation process.

Key words: Yeongnam Massif, Muju area, Granitic gneiss, Amphibolite, Sm-Nd isotope system, North-
China Craton, Initial Nd isotope ratio, Source material, Juvenile magma
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Fig. 1. Geological map of the study area, and the location of boring hole in granitic gneiss.

Table 1. Petrography of the core samples used in chemical analysis

Sample No. Petrography Mineralogy
520m Granitic gneiss (Leucocratic) Qtz+PIH+K-fd+Bio
64.1 m Granitic gneiss Qtz+PI+K-fd+Bio
owl 123 m Amphibolite Qtz+Hbr+PlH+Bio
151 m Granitic gneiss (Biotite-rich) Qtz+PI+K-fd+Bio
172 m Granitic gneiss (Biotite-rich) Qtz+PIH+K-fd+Bio
198 m Granitic gneiss Qtz+P1+Grt+K-fd+Ch+Bio
245m Granitic gneiss Qtz+Pl+Micro+Mus+Bio+Chl
49.0 m Granitic gneiss Qtz+PIH+Gri+Ch+Bt
oW 722m Granitic gneiss (Hornblend-rich) Qtz+Hbr+Bio+PI+Chl
96.1 m Amphibolite Hbr+PI+Qtz+Bio
172 m Granitic gneiss (Garnet-rich) Qtz+Grt+Bt+PI+Chi
200 m Granitic gneiss (Biotite-rich) Qtz+PI+K-Fd+Biotite+Hb

Qtz: quartz, Pl: plagioclase, K-fd: mainly orthoclase, Bio:biotite, Grt: garnet, Mico: microcline, Hbr: hornblende, Chl: chlorite
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Fig. 2. Photograph of the core samples used in chemical
analysis: (a) granitic gneiss(OW1-198), (b)amphibolite
(OW2-96.1), (c)granitic gneiss(OW2-24.5), (d) amphibo-
lite (OW1-123).
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Table 2. Major element composition (%) and REE abundance (ppm) of the core samples from the boreholes in
Muju area, Korea '

oW1 ow2
ngh 520m  64m  123m 15lm 172m  198m 245m 490m 722m 961m 172m 200m
Rock  Granitic Granitic Amphi- Granitic Granitic Granitic Granitic Granitic Granitic Amphi- Granitic Granitic
type gneiss  gneiss  bolite  gneiss gneiss gneiss gneiss gneiss gneiss  bolite  gneiss  gneiss

SiO, 774 80.1 52.6 66.2 65.8 73.5 776 752 52.9 49.1 53.1 60.4
ALO, 13.4 113 13.5 14.5 14.6 129 12.5 12.2 14.2 13.9 13.4 15.7
Fe,0,°® 0.64 1.14 11.7 5.12 5.91 3.72 1.34 6.26 10.4 14.9 10.3 10
CaO 1.03 0.83 10.8 2.62 232 1.87 0.93 0.26 7.11 6.89 10.2 2.14
MgO 03 0.9. 6.71 3.61 3.46 1.34 0.28 1.14 8.65 7.7 7.79 42
K,0 0.72 1.02 0.32 2 2.67 1.34 1.91 2.7 1.23 0.68 0.43 2.45
Na,0 5.31 3.66 1.8 3.33 29 291 4.04 0.42 1.99 2.63 2.13 2.58
TiO, 0.06 0.1 0.82 0.29 0.56 0.34 0.1 0.05 0.42 1.05 0.63 0.56
MnO 0.01 0.01 0.14 0.06 0.08 0.05 0.01 0.09 0.14 0.16 0.19 0.26
PO, 0.01 0.01 0.07 0.03 0.06 0.05 0.01 0.01 0.15 0.09 0.04 0.03
LOI 0.88 0.88 1.02 2.04 1.32 1.81 0.9 1.52 23 27 1.41 1.6
Total (%) 99.76 9996  99.48 99.8 99.68 9983 9962 9985 9949 99.8 99.62  99.92

Th(ppm) - 456 057 166 - 203 175 - - - - 2.64
U - 136 041 403 - 276 8.16 - . - - 0.67
Rb 180 488 861 201 - 186 71 430 905 701 328 213 1120
Sr 137 159 108 101 123 105 375 129 129 188 71 81
Ba - 2882 163 134 - 229.7 2554 - - - - 318.8
Zr - 461 58 152 - 244 305 - - - - 9.51
Sc - - 399 118 - 113 494 - - - - 38.8
Ta - 1 2.81 - - - 495 - - - - -
Y - 317 283 737 - 329 624 - - - - 955
La 713 1670 292 652 339 363 268 238 115 279 58 779
Ce 141 3120 731 1120 678 767 45 547 361 741 158 152
Pr 145 342 100 119 73 834 416 59 615 107 1.8 16
Nd 551 1300 584 488 303 348 145 3001 361 627 825 651
Sm 8.92 2.27 1.92 1.96 5.75 6.76 2.5 6.13 15.5 1.92 2.69 1.37
Eu 067 036 054 026 098 072 046 023 05 056 054 047
Gd 562 146 209 287 471 494 235 622 209 217 298 204
Tb 069 014 048 083 071 065 018 153 533 048 0533 069
Dy 318 055 364 645 438 405 1.3 124 428 38 346 829
Ho 049 009 077 141 084 062 024 295 932 08 0764 24l
Er 121 024 240 537 236 215 061 996 291 257 21 9.93
Tm 018 004 037 101 031 034 0097 157 403 038 032 184
Yb 101 023 248 88 207 253 074 1Ll 262 267 217 146
Lu 0.12 004 031 126 029 045 012 134 302 031 0324 198

DEwEu’ 0.27 0.58 0.83 0.34 0.56 037 0.57 0.11 0.09 0.84 0.59 0.87
ILa/Yb)y, 3975 4754 0.82 0.82 9.69 1139  29.88 1.61 0.27 0.73 1.89 0.53

1) Eu’ is defined as the ratio of observed Eu abundance to that which would fall on the Sm-Gd join in chondrite-normalized REE
patterns.
2) The REE abundance in the Leedey chondrite (Masuda et al., 1973; Masuda, 1975) are employed as normalizing values.
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Fig. 3 (a) AFM diagram showing that protoliths of the granitic gneiss, metabasite and amphibolite belong to the tholei-

itic and the calc-alkaline with the latter dominating in abundance. (b) Plot of normative feldspar composition showing
classification of acid rocks (O’Connor, 1965). Trond: trondhjemite, Tonal: tonalite, Grano-d.: granodiorite.
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Fig. 5. (a) Sm -Nd isochron (b) Rb-Sr errorchron diagram for the gneiss and amphibolite cores.
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dEthd BYARRe A Ao e o)t
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N Nd Nd
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c¢

714 f, f, 2 f,2 24 AEAZL A8 2
g3 dgd e [ Folth o] =EeME 1=
0.08592, f =—-04(Keto and Jacobsen, 1987), oAl 9]
FA4dAu= 2.03Ga(E ATAAN A9 BejolER X
3t AueldFo Addu)E AME-sA T
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0.4 AEo|tHDePaolo, 1988). H, Jahn et al.(2001)
I} Wu er al2005)2 f,ng=-04%(-02)2) P ol
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EFA4Y HEYGE g9 FAR AL A=
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9% FgY HAow WAk 12 Table 39 Ty,
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Fig. 6. Replotted Sm-Nd whole rock and mineral isoch-
ron diagram for amphibolites based on this study and
Lee et al. (1997).
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Table 4. Summary for Sm-Nd isotope ratio includng previous data (MJI-.MJIO: Lee et al, 1997) at Samyuri area,

Muju, Korea

Sm Nd

T

sample MING/MINGD o ooy SN 5,0)” 6203G) ggg;) OBEy e
OWI1-123 0.512652 £ 0.000017 1.97 6.14 0.1940 0.3 0.97 3.82 2.40 -0.01
0OW2-96.1 0.512673 = 0.000015 2.30 7.18 0.1940 0.7 1.41 3.65 2.36 -0.01

MJ9 0.512262 £ 0.000008 3.37 12.42 0.1642 -7.3 -2.73 272 2.39 -0.1

MIJ10 0.511230 £ 0.000014 3.94 14.67 0.1303 -0.9 -4.24 2.72 2.40 -0.17

MIl 0.512503 £ 0.000010 1.93 6.39 0.1831 2.6 -6.21 3.20 2.40 -0.26
MI3 0.512609 £ 0.000010 1.80 5.47 0.1989 -0.6 -7.60 5.48 2.56 -0.07
MJ4 0.512590 = 0.000026 1.17 3.61 0.1960 -0.9 -7.82 477 2.53 0.01

1) calculated from CHUR value: ""Nd/"*Nd = 0.512638

2) For DM model age calculation; "*Nd/"*Nd = 0.51315, "*'Sm/"*Nd = 0.2137

Nd 1 ("*Nd 7 "*Nd)sample — 0.51315
T = =xInjl+
DM ~ 3 147 144

("'sm /"**Nd)sample ~ 0.2137

£ —f
Nd _ ..Nd Nd cc  'measured
3) Tomz2 = Tom = (Tpm - TSTART)[ £ foy
cc

f.= —0.4, (Keto and Jacobsen, 1987)

7] vfarbrt AdiA AGER o8] dF oHy

2 A%, Z7]920kjuvenile magma)®] S4& 2zt
YA 2 RE FHEHAE 7FEEE AAEE
Folth 282z ¥ A3A9Y sed Hekyt
(B EgolE Ao H Aol 1,986+ 120Ma D
HEelo|ES A 23l ALter 2,026£230Ma 2L
2L o] B2 9(1997)2) YuiBetolE zlse} g Al
AHE 20514240 Ma2] Sm-Nd Gtz X Aszo g 9
7k e Aoz & g vk & 2 A9 s
b Fulgle] 71AEHL 203Ga AR A7l ¥
A4Elo} Bord, o] s Huite] rdEHLS
HEglo|ES] /UER D u)$ I AR L e
Roz A€}

or e ¥

EFXY 72 MuoptRel sHlE J|xef
X|ZtEISpAL

#H2ol Lee et al(2001, 2005)2 Gh&ore] 7
Aol #x3h= A Beolr] HHepFok 5718
dEge 373elMe Sm-Nd &g s 2 32
o] A Beolr] 7| AL A ArIdRF B sFe A
BE gESH9 A7Heelr] 7ivkte] A-7slEhH
A EA7Y 5F5A F (North China Craton)} #i-5-
DHS A4S 2k e Ao Ak, 974
& T3 JSHY Ry, 7 Hed, ¥
AF714Y QvEelo|E BT HWulolRo) &3t

} where A =6.54 104"

} where fj,,,= 0.08592 is the f;,,, value of DM reservoir;

, o] AFollx Aol Sm-Nd FHL4 Aol Nd
71AE Lee et al(2005)2] gy (T) ¥stg9o] A&=
jolgte 7ol HHE.

Fig. 72 Lee et al(2005)7} A|<+et &3] Nd
UM 27)R]9] Aol Fig. 79 AH |
FH A7olM QAR FEAG ] et A
EglolEY Sm-Nd AUlE EQE 7+ Algo) sty
2 3 =ASKATH Fig. 7604 ek dnjeke A}
7RO 2, Y ETO|Ee Aol A2 Altgor 3f
AFo] ATk Fig. 7914 8 4 & ule) o], At
Al AAvlkFo Nd 27127} Lee et al(2005)7}
A Mshd ol Hes] de & & Utk olef 7
2 Nd T4 2719 54L& F79] AE o}
7] AL AEE Lee ef al(2005)2] FES
3 AZpRIgAL A} IR g

B

S2FXY el EHoREHORFY X|F
slaty sS4 7|¥ER

Fig. 32°] AFMET2} 37492 #Anslol thgh Fig. 3b
9] An-Ab-Or diagram(O’Connor, 19652 ®¥ A&
OW2-49E A HE ANE7F Za-dgeAd %
TTG(Tonalite-Trondhjemite-Granodiorite) A€ 2] 4]
&E3e o 5 ok 23 stk HekdelA 9] Rb
# Yb+Ta®] F#AAE Fig. 8ol A3 (Pearce et
al., 1984), A7AGY 373k Hulehe WPG(within-
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12 {Lee et al), 2001) Nd isotopic evalution area
DM of mantle-derived mafic rocks
! in the Sino-Korean craton
(Wu et al., 2005)
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[ Japan Kamiaso gneiss| B

(Shimizu et al., 1986) |
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{Cheong et &l., 2000)
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1 {Hogg et al., 1996)
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in this Study Ynge{ , 1996) :
I

I
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36|  Expected Nd Isotope evolutlon line In this s"‘d’i
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-40 I | . ) X
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Fig. 7. Nd isotope evolution diagram for the granitoids
and orthogneisses including the granitoids, orthogneiss
and amphibolites of North China Craton (Yellow area,
Wu et al., 2005) and for the constituent rocks of Yangtze
Craton (Green area, Chen and Jahn, 1998). The depleted-
mantle line is drawn with £,,(0)=+10 and g, (4.55Ga)
=0. CHUR = chondritic uniform reservoir (After Lee et
al., 2005). Note that the granitic gneisses in this study
are plotted in the expected Nd isotope evolution line in
Yeongnam Massif.
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© Fa% WEE A Al Xzte] dslHA S
olEE 4 EEHS AFE 7 UL Aotk 53] 55
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Fig. 8. Tectonic discrimination diagram based on (a) Rb
vs. Yb+ Ta diagrams of Pearce ef al. (1984) based on
chemical composition of granitic gneiss core. Fields: syn-
COLG =syn-—collisonal granites, WPG = within-plate gran-
ites, ORG =ocean ridge granites, VAG = volcanic arc
granites.
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Fig. 9. (a) K-Rb, (b) Rb-Sr, (¢) Ba-MgO, (d) Ba-Sr correlation diagram from granitic gneiss and amphibolite cores at

Samyuri area, Muju.

7L°

o

A& 33213 FaA oMY B EFRAL HEZ
E gFE dusto gy, B9k J‘% R
shEg-o] 57| AHERE I 3l
HEDE g 3Bau, 1996, 1997, 1999' Irber,
Jahn et al, 2001)7} Fstol] o3 Wlsh=A] ks
AF. ol WA HEFAL TEPe] By
T Ced 2 AR YAE Az
s}2Hg- 5ol 9] ‘ﬂﬁ}lﬂﬂl B2
U 2B ER A)F
EREELEE
271719249 54
2 % Qo). =3 Fig 4d% 28 A9 B
St JEFAAL EXES Table 32] CHUR(chondritic
umform reservoir)?] zkoll A9} 77bE Nd 271X
TFAGH A Egto|E Zoto] A3EhE B4l A

FRABAD S FABE AAATE ©), olE

[e]
=2

e
o
Iy
o

_/.:

oy —w o{n

gl

H
H
rlr

oy Y
Li

o Me & one rlo J

HEdo|Be 7]dEZe] DMA AP P27 EH 0

E&57] olAd F %7] mfZvkjuvenile magma)d] X
T3EA B3 e FAEE AAE Fe Aol
z =
HEHEE EF:AY Afelo) Exshe dd 3
uptx] o)A A% 200 mol] MEZH 10me] 7HEE
T3 370l ] A7) ojFojAled, ojF wIF
oAlE &y FHolg ATt AlFFY e A

[e]

A sded Auigh B duisetelBER 24 3l
o, S wuierel A9 TAYR met
2 949} Azho] HolH oz WMalai 283 Hw
H2 e el 127h9] ARE S F, ol o
3 FAAE, MFYE, HEFLE B SmNd THYLE

Ask Ro-Sr FAA2AN thall RIS A ST,

J. Petrol. Soc. Korea



P F P52 SmNd Qo 2 Aps 57 139

Sm-Nd 9 94A1¢) ¢3Fa A9y AHuiekae)
APA 71 2,026£230(20)Mae] 2, Nd 27X+ 0.50979
£0.00028°]t}. £,,(2.03Gays ~448A o] e BEFI

A3 AT 719rgke] Rstg el &3le, 53] 9
FIW Nd 994 271X]9] Rste} X8k A
g Zeth FAE 9 v R] setzg A5
Bz 3 A9 3G Anig 9@ WA 9]
AR 719 EZ 2 7+ TTG(Tonalite-Trondhjemite-
Granodiorite) @ &#ofo|E- G| AE o] £+
& AATh 2 SAGR HuletelA g RbH
YbtTad] FAaA0l ofatd, A2y g2 o
vk WPG(within-plate granites)?} VAG(volcanic arc
granites)®] FHol| &3t 53] drjEejo|Ee 3B
U4 XL} Nd 27)A= Q¥ Edo|ee] 7198
Zo] A¥WMEF Azt A4 27] vlzvkjuvenile
magma)®] AT3FeE 5493 ulg- fARAS AAsED.

a

AL A

B Aze #EA2YATY 200595 7B
b

US| ARE ok S, ok & ol A
A S84 JH2GA TAFA 2R v
A wedd P 2AE =dn.

o

r

ik

o1, WH, WA, JER, 1997, FFAG 2EY)
A7gE 2 SmNd BHUE A7 494 AA
313-320.

oltld, |, 1969, AAE:
Y AAFEAT2, 33p.

A%, 3E, 2004, F=AT kvl AFEZY
(ICP-MSpll 2% F4TFE2 F2| Lanthanids, Y, Th,
U 4. =xd2e0d7Y =73, 8, 43-53.

WA, B2, o)A, A5 1993, e o] 7]
s8Rt 2 SEnidR Ui ¢ 5994 97 A
818]%], 29, 387-395.

Bau, M., 1996, Controls on the fractionation of isovalent
tarce elements in magmatic and aqueous systems: evi-
dence from Y/Ho, Zr/Hf, and lanthanide tetrad effect.
Contr. Mineral. Petrol., 123, 323-333.

Bau, M., 1997, The lanthanide tetrad effect in high evolved
felsic igneous rocks- A reply to the comment by Y. Pan.
Contrib. Mineral. Petrol., 128, 409-412.

Bau, M., 1999, Scavenging of dissolved yttrium and rare
earths by precipitating iron oxyhydroxide: Experimental
evidence for Ce oxidation, Y-Ho fractionation, and lan-
thanide tetrad effect. Geochim. Cosmochim. Acta, 63, 67-

T (1:50,000 A718). =

Vol. 14, No. 3, 2005

77.

Cheong, C-S., Kwon, S.-T. and Park, K-H., 2000, Pb and
Nd isotopic constraints on Paeoproterozoic crustal evolu-
tion of the northeastern Yeongnam massif, South Korea.
Precam. Res., 102, 207-220.

Chen, J. F. and Jahn, B. M., 1998, Crustal evolution of
southeastern China: Nd and Sr isotopic evidence. Tec-
tonophysics, 284, 101-133.

Chough, S.K., Kwon, S.-T., Ree, J.-H. and Choi, D.K.,
2000, Tectonic and sedimentary evolution of the Korean
Peninsula: a review and new view. Earth-Sci. Rev., 52,
175-235.

DePaolo, D. J., 1988, Neodymium isotope geochemistry.
Springer-Verlag, 187p.

Heier, K. S., 1973, Geochemistry of granulite facies rocks
and problems of their origin. Philos. Trans. R. Soc. Lon.,
A273, 429-442.

Hong, Y. K., Lee, S. G. and Lan, C. Y., 1996, Comparison
between the Hongjesa granite and the Buncheon granite
gneiss based on Sm-Nd age. Abstract of Annual Meeting
of the Geological Society of Korea, 100.

Irber, W., 1999, The lanthanide tetrad effect and its correla-
tion with K/Rb, EwEu*, St/Eu, Y/Ho, and Zr/Hf of
evolving peraluminous granite suites, Geochim. Cosmo-
chim, Acta, 63, 489-508.

Jahn, B-m. and Zhang, Z. Q., 1984, Radiometric Ages (Rb-
Sr, Sm-Nd, U-Pb) and REE geochemistry of Archean
granulite gneisses from eastern Hebei Province, China. In
Archrean Geochemistry (ed. A. Kroner, GN. Hanson and
AM. Goodwin). Springer-Verlag, Berlin-Heidelberg-New
York-Tokyo, 204-234.

Jahn, B-m., Zhou, X. H. and Li, J. L., 1990, Formation and
tectonic evolution of southern China and Taiwan: isotopic
and geochemical constraints. Tectnophyscis, 183, 145-
160.

Jahn, B.-m., Wu, F., Capdevila, R., Martineau, F., Zhao, Z.
and Wang, Y., 2001, Highly evolved juvenile granites
with tetrad REE patterns: the Wuduhe and Baderzhe
granites from the Great Xing'an Mountains in NE China.
Lithos, 59, 171-198.

Keto, L. S. and Jacobsen, S. B., 1987, Nd and Sr isotopic
variations of early Paleozoic oceans. Earth Planet. Sci.
Lett., 84, 27-41.

Kim, J. and Cho, M., 2003, Low-pressure metamorphism
and leucogranite magmatism, northeastern Yeongnam
Massif, Korea: implication for Paleoproterozoic crustal
evolution. Precam. Res., 122, 235-251.

Lee, S. G, Masuda, A. and Kim, H. S., 1994, An early Pro-
terozoic leuco-granitic gneiss with the REE tetrad phe-
nomenon. Chem. Geol., 114, 59-67.

Lee, S. G, Masuda, A., Shimizu, H. and Song, Y. S., 2001,
Crustal evolution history of Korean Peninsula in East
Asia: The significance of Nd, Ce isotopic and REE data



140 olFF - A8A - AT

from the Korean Precambrian gneiss. Geochem. J., 35,
175-187.

Lee, S. G, Lee, D. H., Kim, Y., Chae, B. G, Kim, W. Y.
and Woo, N. C., 2003, Rare earth elements as an indica-
tor of groundwater environment changes in a fractured
rock system: Evidence from fracture-filling calcite. Appl.
Geochem., 18, 135-143.

Lee, S. G, Kim, Y., Chae, B. G, Koh, D. C. and Kim, K.
H., 2004, The geochemical implication of a variable Eu
anomaly in a fractured gneiss core: application for under-
standing Am behavior in the geological environment.
Appl. Geochem,, 19, 1711-1725.

Lee, S. G, Shin, S. C, Jin, M. S., Ogasawara, M. and
Yang, M. K., 2005, Two Paleoproterozoic strongly pera-
luminous granitic plutons (Nonggeori and Naedeokri
granites) at the northeastern part of Yeongnam Massif,
Korea: Geochemical and isotopic constraints in East
Asian crustal formation history. Precam. Res., 139, 101-
120.

Lee, S. R., Cho, M., Hwang, J. H, Lee, B-J., Lim, Y-B.
and Kim, J. C., 2003, Crustal evolution of the Gyeonggi
massif, South Korea: Nd isotopic evidence and implica-
tions for continental growths of East Asia. Precam. Res.,
121, 25-34.

Liu, S., Pan, Y., Xie, Q., Zhang, J., Li, Q. and Yang. B,
2005, Geochemistry of the Paleoproterozoic Nanging gra-
nitic gneissees in the Fuping Complex: implications for
the tectonic evolution of the Central Zone, North China
Craton, J. Asia. Earth Sci., 24, 643-658.

Ludwig, K. R., 1999, Isoplot/Ex(v.2.06)-A geochronological
tool kit for Microsoft Excel, Berkley Geochronology
Center, Special Publications No. la, 49p.

Masuda, A., 1975, Abundances of mono isotopic REE, con-

sistent with the Leedey chondritic values. Geochem. J., 9,
183-184.

Masuda, A., Nakamura, N. and Tanaka, T., 1973, Fine
structure of mutually normalized rare earth patterns of
chondrites. Geochim. Cosmochim. Acta, 37, 239-248.

Masuda, A., Kawakami, O., Dohmoto, Y. and Takenaka, T.,
1987, Lanthanide tetrad effects in nature: two mutually
opposite types, W and M. Geochem. J., 21, 119-124.

O'Connor, J. T., 1965, A classification for quartz-rich igne-
ous rocks based on feldspar ratio. U. S. Geol. Surv. Prof.
Paper, 525B, 79-84.

Pearce, J. A., Harris, N. B. W. and Tindle, A. G, 1984,
Trace element discrimination diagrams for the tectonic
interpretation of granitic Rocks. J. Petrol., 25, 956-983.

Shimizu, H., Lee, S. G, Masuda, A. and Adachi, M., 1996,
Geochemistry of Nd, and Ce isotopes and REE abun-
dances inn Precambrian orthogneiss clasts from the
Kamiaso conglomerate, central Japan. Geochem. J., 30,
57-69.

Wuy, F.-Y,, Jahn, B-m., Wilde, S. and Sun, D., 2000, Phan-
erozoic crustal growth: U-Pb and Sm-Nd isotopic evi-
dence from the granites in northeastern China.
Tectonophysics, 328, 89-113.

Wu, F.-Y., Sun, D, Li, H., Jahn, B-m. and Wilde, S., 2002,
A-type granites in northeastern China: age and geochem-
ical constraints on their petrogenesis. Chem. Geol., 187,
143-173.

Wu, F.-Y.,, Zhao, G, Wilde, S. A. and Sun, D., 2005, Nd
isotopic constraints on crustal formation in the North
China Craton. J. Asia. Earth Sci., 24, 523-545.

(20054 8B 1Y H=; 20059 8 309 AEH)

J. Petrol. Soc. Korea



