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Fig. 1. Geological map of the study area (modified from Yoon, 1992). DB: Daebon granite, HO: Hoam granite, OY: Oyu gran-
ite, SS: Sanseo granite. [1: Neogene rocks, 2: Paleocene to Eocene granitic rocks, 3: Paleogene volcanic rocks (Wangsan For-
mation), 4: Bulgugsa granitic rocks, 5: Cretaceous sedimentary rocks, 6: Faults.]
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Fig. 2. Sampling sites and litho-facies map of the granitic rocks. [1: Equigranular granodiorite, 2: Porphyritic granite, 3:

Equigranular granite, 4: Faults.]
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Table 1. Modal Composition of the granitic rocks in the study area.

Region Hoam Sanseo

Rock Type EG PG EG

Sample No.  HJ2 Bulé Bul7 S§J30 §J30-1 §J31 SJ34 Bud SJ20 §J21 SJ3 Bu9
Quartz 31.0 344 30.1 429 449 25.0 25.9 28.4 27.0 315 39.1 379
alkali feldspar ~ 41.7 46.6 40.6 32.7 38.0 29.1 4.2 235 24.5 31.8 34.7 28.3
Plagioclase 19.8 10.8 175 14.3 13.8 35.3 193 316 34.7 28.0 22.5 312
Biotite 4.1 7.5 74 7.5 1.8 3.2 7.2 8.0 7.8 2.3 2.8 14
Hornblende 2.0 0.7 4.6 6.3 46
Opaque 0.7 0.6 3.2 19 0.1 15 1.6 2.1 55 1.2 0.3 1.0
Zircon 0.9 0.3 0.5 1.5
Epidote 0.5
Others 0.2 0.3
Total 99.5 99.9 99.7 99.6 99.6 99.7 99.7 99.9 99.5 99.4 99.4 99.8

Region Daebon Oyu

Rock Type GD EG

Sample No.  Bub Bu7 Bu6 Bul0 Sj44 SJ46 SJ49  §J50-1 BulA  Bu2-2 Bu3 Bull
Quartz 28.8 32.8 25.7 32.7 28.5 305 244 28.3 41.1 374 335 40.0
alkali feldspar  16.6 17.8 8.2 24.6 26.7 21.9 18.1 195 37.7 30.3 39.8 42.6
Plagioclase 42.1 39.6 475 39.7 371 39.7 435 384 19.6 28.7 17.9 12.0
Biotite 8.5 5.6 149 2.0 43 5.2 4.8 9.2 22 7.0
Hornblende 1.2 1.3 1.6 0.3 72 2.7
Opaque 11 14 3.6 0.2 1.2 14 15 1.2 0.6 1.1 1.2 0.4
Zircon
Epidote 15 1.1 0.3 32
Others 0.5 0.5 0.4 0.2 0.3 0.8 14
Total 99.8 99.6 99.9 99.7 99.9 99.4 99.7 99.6 99.8 99.7 99.7 99.6

Abbreviations: EG - equigranular granite, GD - granodiorite, PG - porphyritic granite.
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Fig. 3. Modal quartz(Q)-alkali feldspar(A)-plagioclase(P) dia-
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Table 2. Major element oxides(wt%) and CIPW normative minerals of the granitic rocks.

Region Hoam Sanseo Oyu

Rock Type EG PG EG

sample No. HJ-2 SJ30-1 Bu-4 §J-21 Bu3-2 Bu-11
Si0, 74.77 74.59 71.82 71.77 78.11 77.76
TiOy 0.11 0.13 0.38 0.34 0.09 0.15
Al,Og 13.95 14.11 14.76 15.15 12.42 12.86
Fe,04 0.22 0.22 0.37 0.36 0.11 0.09
FeO 1.28 1.26 2.13 2.07 0.68 0.57
MgO 0.19 0.23 0.66 0.61 0.04 0.19
MnO 0.05 0.03 0.07 0.09 0.03 0.03
Ca0 0.69 0.74 1.96 1.50 0.46 0.27
Na,O 3.19 3.38 3.39 3.50 2.35 3.23
K,0 4.94 4.46 321 3.21 5.47 431
PZO? 0.02 0.02 0.10 0.09 0.00 0.02
LOI 0.43 0.51 0.39 0.91 0.16 0.30
Total 99.84 99.68 99.24 99.6 99.92 99.78
A/CNK? 1.18 1.20 1.17 1.27 1.17 1.23

CIPW NORMS

Q 34.87 35.38 33.89 34.29 42,15 41.55
Or 29.39 26.60 19.21 19.24 32.44 25.63
Ab 27.12 28.80 28.98 29.97 19.83 27.44
An 3.33 3.59 9.25 7.01 2.29 1.23
C 2.14 2.43 2.37 342 1.79 2.43
Hy 2.57 2.59 4.81 4.69 1.17 0.78
Mt 0.32 0.32 0.54 0.53 0.17 0.14
I 0.21 0.25 0.73 0.65 0.17 0.29
Ap 0.04 0.04 0.22 0.20 0.00 0.04
DB 91.38 90.78 82.08 83.50 94.42 94.62
Region Daebon

Rock Type GD EG

sample No. Bu-5 Bu-7 SJ-46 SJ-49 SJ50-1 Bu-9 SJ-3
§i0, 67.30 71.56 69.56 70.99 69.37 78.01 76.28
TiO, 0.51 0.36 0.51 0.48 0.48 0.11 0.11
Al,Oq 15.38 14.59 14.79 14.33 15.06 12.81 12.99
Fey04 0.67 0.44 0.58 0.51 0.55 0.04 0.17
FeO 3.85 2.51 3.31 2.93 3.17 0.28 1.01
MgO 1.26 0.92 1.16 1.09 1.10 0.08 0.19
MnO 0.12 0.07 0.11 0.12 0.10 0.02 0.02
Ca0 3.17 2.45 2.50 2.60 2,52 0.44 0.53
Na,O 3.12 3.10 2.96 3.06 4.48 2.58 2.18
K,0 2.57 3.26 3.32 2.94 2.24 5.30 5.81
P20§ 0.13 0.10 0.13 0.11 0.13 0.02 0.02
LOI 1.09 0.29 0.54 0.48 0.43 0.29 0.54
Total 99.17 99.65 99.47 99.64 99.63 99.98 99.85
A/CNK? 1.12 1.10 1.14 111 1.05 1.19 1.20

CIPW NORMS

Q 28.86 32.97 30.97 33.32 26.11 41.72 39.56
Or 15.50 19.39 19.85 17.54 13.36 31.39 34.60
Ab 26.88 26.35 25.29 26.08 38.17 21.87 18.55
An 15.27 12.09 11.77 12.37 11.84 2.07 2.53
C 2.00 1.55 2.07 1.62 0.96 2.06 2.19
Hy 9.22 6.11 7.94 7.17 4.79 0.57 2.06
Mt 0.99 0.64 0.85 0.75 0.81 0.06 0.25
I 0.99 0.69 0.98 0.92 0.92 0.21 0.21
Ap 0.29 0.22 0.29 0.24 0.29 0.04 0.04
DB 71.24 78.71 76.11 76.94 77.64 94.98 92.71

Abbreviations are the same as in table 1. ! Loss on ignition, 2 Molar Al,04/(Ca0+Nay,0+K,0), ® Differentiation index.
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Fig. 4. Harker variation diagram for the granitic rocks.
Symbols are the same as those in Fig. 3.
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Fig. 9. 1 kbar isobaric equilibrium diagram showing phase
relationships for the system Qz-Ab-Or-H;0 projected onto
the anhydrous base of the tetrahedron Qz-Ab-Or-H;0 (after
Tuttle and Bowen, 1958). The plotted are granitic rocks of
the study area. Symbols are the same as those in Fig. 3.
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Table 3. Trace element composition of the granitic rocks(in ppm).

Region Hoam Sanseo Oyu Daebon

Rock Type  EG PG EG EG GD
Sample No. SJ30-1 Bu-4 SJ21 Bu3-2 Bull Bu9 SJ-3 Bu-5 Bu-7 SJ-46 SJ49 §J50-1
Ba 360.8 4609 3818 1603 5143 1609 391.2 6228 4692 5473 4032 357.8
Rb 112.9 55.3 655 1260 1549 1675 1386 58.9 72.8 534 64.1  29.37
Sr 68.5 1297 1434 21.3 279 38.6 823 2321 1964 1294 1341  180.7
Y 239 12.6 16.3 10.3 134 11.6 8.6 15.9 11.1 10.2 15.0 14.1
Zr 26.4 36.3 34.0 39.1 21.2 24.7 52.4 229 24.5 317 39.1 24.0
Th 11.9 7.2 85 18.0 7.1 9.5 24.5 8.1 7.8 4.3 11.5 8.2
Pb 12.3 15.2 13.1 15.2 18.3 24.8 11.8 12.2 11.0 122 15.0 14.2
Zn 17.8 37.7 29.1 6.1 111 8.2 20.5 67.5 43.5 58.2 64.1 37.0
Cu 2.1 4.7 3.6 1.7 21 2.8 04 1235 5.7 5.7 4.0 10.4
Ni 0.3 0.4 0.5 0.8 0.4 0.1 0.8 1.7 2.1 0.4 2.4 1.0
Cr 4.6 5.4 2.5 2.4 19 4.2 4.2 4.7 10.2 13.1 11.9 71
Hf 14 14 16 23 1.1 0.9 3.2 1.2 1.0 12 1.6 1.0
Cs 2.4 1.9 4.6 23 3.8 2.8 4.7 45 5.2 2.8 31 3.9
Co 1268 1403 101.0 1242 1227 2203 171.8 1023 1804 1321 1428 1297
U 1.7 16 2.3 6.6 14 1.6 3.8 24 2.2 15 25 15
La 385 18.7 24.7 14.1 7.1 7.9 20.3 12.1 11.3 9.0 21.1 24.0
Ce 77.2 36.9 51.7 344 159 16.4 38.8 30.1 21.2 246 53.5 45.6
Pr 9.1 4.2 5.3 3.3 18 18 45 33 2.7 2.4 5.2 5.8
Nd 30.4 14.9 18.8 10.6 6.2 5.7 14.8 13.1 9.9 9.0 19.1 20.9
Sm 5.7 2.8 3.6 2.2 1.7 1.3 25 31 2.2 2.2 39 3.8
Eu 0.4 0.6 1.0 0.2 0.4 0.1 0.5 0.8 0.6 0.5 0.9 0.7
Gd 5.8 2.8 3.7 2.0 19 15 2.4 35 2.3 2.4 4.2 4.1
Tb 0.8 0.4 0.6 0.3 0.4 0.3 0.3 0.6 0.4 0.4 0.6 0.6
Dy 5.4 2.8 3.6 2.2 2.3 19 1.8 3.7 2.3 25 3.4 3.7
Ho 1.0 0.6 0.8 0.5 0.5 0.4 0.4 0.8 0.5 0.5 0.8 0.7
Er 33 1.7 2.3 1.6 1.6 1.3 1.2 2.5 14 16 2.2 2.3
Tm 05 0.3 0.4 0.3 0.3 0.2 0.2 0.4 0.2 0.3 0.4 0.4
Yb 3.3 19 2.4 2.2 1.8 14 13 2.4 1.6 19 2.2 2.3
Lu 0.5 0.3 0.4 0.4 0.3 0.2 0.2 0.4 0.3 0.3 0.4 0.4
ZREE 182.1 889 119.0 74.4 42.0 40.2 89.0 76.5 56.7 573 1178 1152

Abbreviations are the same as in table 1.

40 BAMXE & 30] YN, o] £
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o] @}
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Fig. 10. Variation diagram of trace elements vs. SiOy of the
granitic rocks. Symbols are the same as those in Fig. 3.
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Fig. 11. Multi-element spider diagram of analysed samples.
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Fig. 12. Chondrite normalized REE patterns of the granitic
rocks (Sun, 1982). Symbols are the same as those in Fig.3.
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Table 4. Isotopic age data measured from granitic rocks in KyeongjuGampo area.

Region Method Age(Ma) Reference
Oyu Gr. Rb-Sr 59.510.1 Kim et al.(1995)
K-Ar 53.940.8 Jin et al.(1991)
FT(apatite) 32.745.0 Jin et al.(1984)
Rb-Sr 55 Kim et l.(1997)
K-Ar 68 Lee(1980)
Wangsan E K-Ar 44.7+1.1 Shibata et l.(1979)
K-Ar 49.58+1.13 Lee et al.(1992)
K-Ar 46.48+2.47 Jin et al.(1988)
FT(zircon) 49.60+1.13
58.32+7.82
49.49+13.20
57.3248.91
Deogdong Gr. Rb-Sr 45.610.1 Kim e¢f al.(1995)
Rb-Sr 42.145.9 Kim ef al.(1997)
Daebon Gd. Rb-Sr 42.2+0.1 Kim ef al.(1995)
FT(zircon) 40.4£3.9 Jin et al.(1991)
FT(apatite) 40.0+4.0
FT(sphene) 54.043.7
FT(zircon) 47.4+3.7
FT(apatite) 32.043.1
K-Ar 74 Lee(1980)
Hoam Gr. Rb-Sr 39.7+0.1 Kim et l.(1995)
Rb-Sr 34.313.3 Kim ef al.(1997)

Abbreviations : F - Formation, Gr - Granite, Gd - Granodiorite, FT - Fission track.

Al Y] $Ze $1X8 2 A= MR gt
o, 283 7125 9)(1995)2) AW &4 A3 3¢
7FH5(39.7 Ma), - 37IhR(42.2 Ma), 2
3747(59.5 Mays A2 324]37]9) 34 3hg-
gt AL AL & F UL A7IM oHA 4
ARt 34ke] e Y 54 THAM AREH
= 9% IR 456 Ma2 e 48 24
Az} vdchs AL & 5 sleh 283 o] 3
7k o] 875r0sr 2914 ule) 27 YA
0.706 o|3lZ F-FH O Z v|s3HA A sk,
25 IHAIE A7 39, AR, B 3PIeHA
E den A7-F7)9 3R] AHE<Ql Ak
o] %9 AAE o Y7Ew zZhe wiamlelA F
AL AR NE 7o) EF AE Ve
el 24 9], 1995). 283 Kim ef al. (1997)2
B a] x|uke] Aleld)(San'in belt)e} QA sl of
3o} AAAEA YRS FH A7 3
A gl o8 vehdR|Rl kAt o FEHY &
TE AIEE 2 o5 34 ghgol o3 A"
AL Yehly 9] 32 WE 7]191e] P& 2]
22} vlsgk B4 99 F3A ARE AAEA
o et 39 ehAlell FalME Izt G AR
(34.3 Ma)2 A8l edl AES7) W3 SAIAS
AAtel g H-Ee) 8ol X3 52 o2
A27} oS AAE 71 AeR sgdo) ol

3 ABEE o] e FA7E 2 7] A=
I 7EEha ke 1A wEEe] =S E A
A2l dAlsh= Fhie] S velige AL ¢
= k.

E 4= AF~AIAY] AP SHARES
vebd Fleltt o}5 A8 £ Rb-Sr |84 A
Z 3pliete] WYAIZIE BEopd o sidA|, &
AR, g 3R], & PR SdA, el 3
oF 3pdshAl o= Jepddh e FAAEYEA
2 zBAM of A= P Al v
Si0, o] L A= Jeher oF FEE
259 Fg=f Az 1 B3l e §
A& Holv) 7|Ee] BuFda 9], 1995 23
o o AN A 257 Y mioaeke] B3Pitelt
3 ot A B3E EAS Hole efdA
7} ¢ e #Yd3 S AAskE ol 1E2
A 22L& JREAME 7 2 AUdEE
Holx= 39t splghAlelE 25 Ma A= Ao|&
Ho|x glo} =3 IEFUAY FHME 27
sP7ketAl o} o2 S5 kAl P 3 3
& Helth Wy o sk} i 5HA 3}
7RIS o] Ay A b= o sl vl
ol Fx AER 7ol & Zle® whid. 1
o] F ARG A F &, AbA, 3% )
gAle £o2 FY vlant 7Y E3REER &)

J. Petrol. Soc. Korea



AF - AT AW FAEA S A AT 81

A= Ao| elgslelel ddda. a8y o 3
7yt ¢} U A gAY Z1HEALS fAF8k
& Aoz GG E)Es 2, 1995; Kim ef al.,
1997). wepr] 7R Ge] PPHAIE Holx F A
ojAbe] wiaml HAE yfsof & Ho= HTE
oh 2E]3 o] 29 ikl wiety] EAL 3
7399 71AH el 2w 9 xRkl AR 3,
1985, 1988; &°d=+, 1987)¢f wl-% #-AKEE BAS
WA e Aog Hol AAEA TR dde =7
F 37L& | HelM Helx 34 Ma 7M1= A
o=k ¥l S A Aoz ddd

HAlel 2

2 J9= 19989 % Sy A3 A
(712543} 1998-015-D00264)2-2 3=}, B =
o AAlA M FAHA JT flg AHE
E FHeF w4l o)Fe whabAl FRAp= of
22 i3 Auzkelel =48 & YA EE 44 E
AlgAe] YA FA-2 ALl S #3le

#28

A2, A2, A, x4, o1F%, 1995, A4S
E AFZE Aol EX3p= 3PIREFS Rb-Srad
of. x7-23t3)=], 16, 272-280.

ZIEA | o]2E, $AE, 1998, AAE 3pisEAste] n}
o) BFAER 24 1. 2 7|AA B4 AAEE
2], 34, 105-121.

ubekd), &3, 1968, T=AAE 1:50,000 A=
(sheet-7020-) @ =F A=A, FHA|ARALE, 45p.

ol& T, H3l, MAY, Al fAS, MG, 1992,
E3 g A7|EXo W3k ZXAp], M Y T2
T 3R] K-Ar 9. 3AR1A, 25, 339-349.

f A, 1988, shlx 3o A|37] 2M. =gt
B T, 25p.

el 1985, £AF EH XYoo Exsh= piekaeh
ol thgk ey 1, H3ix|A, 8, 43-52.

Ze4], 1985, Fake] wietr].A|37] sk A3kt
A AT, 1. FAHARYLe] Ak A7 x]H"eE
A, 21, 297-316.

A=Al 1988, FEte] Welr]Al37| slRe A2
2 a3, 2. vjakkla 2|3k 2|AlshE]x], 24, 168-
188.

A Z1AdA, A1, 1988, K/Ar 2 S EH )
o)g 3ty dd sglie] dMdE AT
FERER AN AT 4 AFE A, KR-87-27, 51-88.

A AR, AR, 1989, K/Ar 2 S EL )
o7} 3= FEERY s W ske] oA SR
A7 A AT, AFFEHALATE dFEIAM, KR-

Vol. 9, No. 2, 2000

88-6D, 53-84.

A, A, AR, 1991, 35 ST AY 37t
gRel B 9l K/Ard®: sEEA 9 #|A
Tz 89, gFFHAYA T4 dTHM, KR-90-
1B-2, 57-98. v

£33, 1987, 3=l HE3R= AMrEep], Fepl
9 wjelr|slete] A 3EA AL FAA, 20, 35-
60.

9%, A}, &%, 75, 1988, HIHlF AA=
0 (1:25,000)=F % 24w, NI 52-2-07-4, &
SEHARY G T4 =597, 42p.

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

Jin, M.S,, AJ.W. Gleadow, J.E Lovering, 1984, Fisson
track dating of apatite from Jurassic and Cretaceous
granite in South Korea. J. Geol. Korea, 20, 257-265.

Kim, Y.H., Shigeru lizumi and Hiroo Kagami, 1997,
Petrography and geochronology of the Paleogene
Deokdong and Girimsa Granites in eastern part of
the Kyeongsang Basin, Korea: Implications for
Eocene-Oligocene magmatism in SE Korean and
SW Japan. Jour. Japanese Associ. Min. Petrol. Econ.
Geol., 92, 273-286.

Lee, YJ., 1980, Granitic rocks from the southern
Kyeonsang basin, southern Korea. part 1. General
geology and K-Ar ages of granitic rocks. Jour. Japa-
nese Associ. Min. Petrol. Econ. Geol., 75, 105-116.

Mason, B., and Moore, C.B. 1982. Principles of
Geochemistry. 4th ed. John Wiley and Sons, New
York. 344p.

Pearce, J.A., 1983, Role of the sub-continental lithos-
phere in magma genesis at active continental mar-
gins. In Continenetal basalts and mantle xenoliths
(ed. CJ. Hawkesworth and M.J. Norry), Shiva,
Nantwich, 230-249.

Shibata, K., Uchiumi, S. and Nakagawa, T, 1979, K-Ar
age results-1. Bull. Geol. Surv. Japan, 30, 675-686.
Streckeisen, A., 1976, To each plutonic rock its proper

name. Earth-Science Review, 12, 1-33.

Sun, S.S., 1982, Chemical composition and origin of
the Earth's primitive mantle. Geochim. Cosmochim.
Acta, 46, 179-192.

Tateiwa, I, 1924, Geological Atlas of Chosen, No. 2.
Ennichi, Kyuruho and Choyo sheets, 1:50,000. Geol.
Surv. Chosen. 6p., 3 maps, 2 figs (in Japanese).

Tindle, A.G. and Pearce, J.A., 1983, Assimilation and
partial melting of continental crust: evidence from
the mineralogy and geochemistry of autoliths and
xenolith. Lithos, 16, 185-202.

Tuttle, O.E and Bowen, N.L., 1958, Origin of granite
in the light of experimental studies in the system of
NaAlSi308-KAISi308-5i02-H20. Geological Society
of America Memoir, 74, 153p.



82 o] EF - AFA - AR

Wilson, M., 1989, Igneous petrogenesis. Unwin
Hyman, London, 466p.

Yoon, S., 1986, Tectonic history of the Tertiary Pohang
and Yangnam basins, Korea. In Commem. Essays
Geol., (ed. Nakagawa, H., Tamio, K. and Takayanagi,
Y.), Kitamura Museum, 637-644.

Yoon, S., 1990, Geology events of the Tertiary Yang-
nam and Pohang basins, Korea with a remark on
the origin of the Yamato basin of the Japan Sea.

S E -G A - WA

Saito Ho-on Kai Spec. Puv,, 3, 303-309.

Yoon, S., 1992, Paleoenvironmental change of the Ter-
tiary Yangnam and Pohang basins of the southern
Korean peninsula. Mem. Geol. Soc. Japan, 37, 117-
124.

HAHE: HB$)
(20004 3% 109 F==, 20004 4% 2% F2|)

J. Petrol. Soc. Korea



A% -E Qo) RUA S FHGH 97

The Petrological Study on the Granitic Rocks in Kyeongju-Kampo Area

JoonDong Lee, Jong-Sun Kim, Sang-Jin Woo, Byoung-Hoon Hwang,
InSoo Kim, JinSeop Kim and In-Sung Paik

Department of Geology, Pusan National University, Pusan 609-735, Korea
IDivision of Earth Environmental Science, Pukyong National University, Pusan 608-737, Korea

Abstract : The purpose of this study is to identify the petrographic and geochemical characteristics
of four granitic masses and clarify for the origin and relationship among the masses. These granitic
rocks are distributed in the eastern part of Yangsan fault in the Kyongsang basin, southeastern part
of Korea. Based on the mineralogy and texture, the granitic rocks are divided into three facies; gra-
nodiorite, porphyritic fine-grained granite, and equigranular granite. According to the result of modal
analysis, northern part and most of the southern part of Daebon granitic rocks are plotted in grano-
diorite field and the rest part of the rocks are plotted in granite field. These granitic rocks belong to
the sub-alkaline series, and are subdivided into calc-alkaline series. The rare earth elements normal-
ized by chondrite show LREE is more enriched than HREE and the lowest values in Oyu granite
and Daebon equigranular granite. The crystallization pressures and temperatures of minimum melt
compositions of granitic rocks estimated from the study area are about 0.5~1 kbar and 700~820°C,
respectively. Referring to the petrographic characteristics, geochemical data and radiogenic age data,
Oyu granite was emplaced in the Paleocene, but Daebon granodiorite, Sanseo porphyritic granite, and
Hoam equigranular granite are co-magmatic differentiation products, were emplaced in the Eocene.

Key words: eastern part of Yangsan fault, granite, rare earth elements, Paleocene, co-
magmatic
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