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Abstract: Division of granites in the Galmal-Yeonbug area, northern Gyeonggi, can be grey homblende
biotite granite (JHBG), biotite granite (JBG) and pink hornblende biotite granite (CHBG) by lithofacies.
JHBG of small stock occurs as medium-grained with grey color and minute sphene. JBG occurs as
medium-grained and light grey to grey in the north-east part of the area. The main study target CHBG
covers in the north-southeast part of the area, and occurs medium- to coarse-grained with pink color.
CHBG shows partly minute miaroles, and pegmatitic pocket with druse texture. From the mineral age data
(K-Ar method), JHBG and JBG and CHBG are the igneous activity products of Daebo orogeny with
different Jurassic and Bulgugsa disturbance of Cretaceous, respectively. And the age data also agree with
geologic occurrences and interpretations of the granites in the field. CHBG consists of quartz, plagioclase,
alkali-feldspar, biotite, hornblende, allanite, apatite, zircon, some calcite and opaques. Among them, alkali-
feldspar and calcite occur characteristically in mostly perthitic orthoclase and secondary filling of minutely
miarolitic cavity, respectively. In modal analysis and QAP diagram, CHBG plots in granite field, and
especially boundary of monzo- and syeno-granite fields. From the major oxide variations, molar A/CNK,
Si0, vs K,0, AMF and so on, CHBG belongs to the acidic, peraluminous and high-K calc-alkaline, and
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was late differentiation product of single granitic magma. Barium and strontium have also dominantly
differentiation trend, and in CaO vs Sr and K,O vs Sr, Sr was more participitated in the fractionation of
plagioclase than that of alkali-feldspar. Normatized REE concentrations to chondrite value have parallel
and gradual LREE enrichment and HREE depletion patterns, and weak Eu negative anomalies and narrow
ranges of normalized Eu can suggest that plagioclase fractionations occurred mildly in the whole CHBG

Key words: Division, pink homblende biotite granite (CHBG), mineral age (K-Ar method), late differen-

tiation, normalized REE concentrations.
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Table 1. Isotopic K-Ar mineral ages of the granites in the Galmal-Yeongbug area.
Spno Min K Wt YArradiogenic  Uncer- 36Ar Uncer- Age Alr Rock
p- (W%) (g (107%cSTP/g)  tainty  (107°ccSTP/g) tainty (Ma) (%) kind
GP135 Hb 0949 0.01467 675.645 0.622 41.740 0.130 17467 +5.00 1544 JHBG
GP128 Bt  6.19  0.00942 3783.408 2.373 46.461 0.179 150.96 +4.35 4.35 IBG
JP48 Bt 7.038  0.00955 3870.723 11.528 51.940 0.277 136.39+£396  3.81 JBG
GP74 Bt 6422 0.00916 2578.181 1.669 72.409 0.188 100.56 +2.94 7.66  CHBG
P29 Bt 7.084 0.01442 2799.476 1.855 42.682 0.128 99.03+£2.89 431 CHBG
Hb: hornblende, Bt: biotite, JHBG: grey hb bt granite, JBG: bt granite, CHBG: pink hb bt granite.
Feth ol ¥¥] CHBGE] Z£2d%& 99+3 Ma %2 (Daltymple and Lanphere, 1969) 5] Hgo =
9} 10143 Ma®A] 7] 720 AHZS 7iA w5 m S o),
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MFAA X n 2 gasich dew skel 7ho) BEA$E718 28 CHBGE: #o)l7) BaAH%E
HBGE /el Sgmspieie] gl Byt vle) sBEuER 4R & Ak 2ew o) xo
K-Ar S50 A 3191459 28040400 5 SRUTE TRl o] o wep) HYLRE
(Harrison et al., 1985; Harrison and McDougal, 1980) TAE B3k g dE Ao
o WRHT Jore o5 SRl BN
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9] 150.96+4.35 Ma Byt opu]E} AT ] B uxE
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ke DASI) Rb-Sr dgdd™Ee ~168 Ma(Kwon ef dal,
2
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1999), 28]l E-o g7 Serwsblere] K-Ar Fogzs PAHEC IBGE A9, AP, 9w
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AL e b IBGE] H2R 1% 13639+3.96 F ARl CHBGE A9, AP, g4,
MaE 17533 Wiol7] CHBGY A7te Bo 28 42 SN, SE4, 2N, A, 1A, AolE, Ae
Table 2. Modes of the granites in the area.
Spno  Qz Pl Af Bt Ch Hb Al Sp Ap Zr  Ser Cc  Op iiﬁ
GP136 232 444 108 179 - 32 - 03 tr tr tr - r  JHBG
JPIS 465 288 192 5] - - - - 0.1 tr tr - 02  JBG
JP9 453 244 261 29 03 08 01 - tr tr - - 0.1 CHBG
P27 461 204 311 21 tr - tr - - tr - - 02 CHBG
JP29 433 185 332 35 12 14 tr - tr tr tr - 0.1 CHBG
P32 301 238 437 13 04 06 01 - tr tr - - tr  CHBG
P33 517 155 289 33 tr 0.3 tr - tr tr tr - 02 CHBG
JP34 363 361 237 25 06 01 01 - r tr tr - 0.5 CHBG
P50 202 463 278 42 0.7 tr 03 - tr tr tr - 0.4 CHBG
YC10 253 304 400 3.1 t - - - tr ir tr - 03 CHBG
YCIl 210 228 525 18 03 - 0.5 - tr tr 01 08 02 CHBG
YCI3 330 252 395 22 w - tr - tr r tr - 0.1 CHBG
GM4 352 249 379 16 r 03 0.1 - tr r tr - r  CHBG

Qz: quartz, Pl: plagioclase, Af: alkali feldspar, Bt: biotite, Ch: chlorite, Hb: hornblende, All: allanite, Ap: apatite, Zr: zircon, Ser:
sericite, Cal: calcite, Op: opaque, tr: trace. JHBG, JBG and CHBG ate the same as in Table 1.
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Table 3. Major (wt %) and trace element (ppm) compositions of CHBG.

Sp.no P9 Jp27 P29 P32 P33 P34 P50 YC7 YC10
Si0, 72.93 75.82 73.63 71.49 7222 72.13 69.76 74.51 73.35
TiO, 025 0.09 0.25 031 0.26 029 0.39 0.21 0.24
ALO, 13.97 13.19 13.67 14.70 1431 14.63 1535 13.69 13.81
Fe,0,, 2.05 1.15 2.08 1.78 2.04 2.02 244 140 1.95
Fe,0, 1.05 0.80 1.16 121 1.02 1.39 1.01 0.82 0.32
FeO 0.90 0.31 0.83 0.51 0.92 0.57 1.28 0.52 1.46
MgO 047 0.06 0.47 0.56 0.50 0.51 0.62 0.24 0.45
MnO 0.04 0.02 0.03 0.04 0.04 0.04 0.04 0.04 0.03
Ca0 1.28 0.54 1.17 1.77 1.23 0.78 1.80 111 1.21
Na,0 3.39 3.64 3.33 3.77 3.55 4.80 3.54 3.62 3.39
K,0 4.76 5.00 4.99 4.79 496 3.71 4.84 457 5.04
P,0, 0.05 0.01 0.05 0.06 0.05 0.0 0.1 0.04 0.05
LOI 0.65 0.25 0.27 0.60 0.70 0.76 0.93 037 0.29
Sum 99.74 99.73 99.85 99.81 99.76 99.66 99.67 99.74 99.64
Ba 527 114 592 530 396 727 864 708 628
Rb 234 248 201 158 224 123 227 162 237
Sr 157 20 115 147 104 108 264 145 105
7r 308 57.4 225 162 303 90.5 87.1 66.5 87.6
Nb 15 16 1 11 15 14 17 15 12
Y 82 12 4.5 9.6 56 10 82 13 13
\% 41 5.9 18 21 43 19 30 14 20
7n 56 25 44 45 46 28 39 52 43
Pb 28 16 22 22 25 14 15 23 25
Be 23 1.8 24 2.7 2.0 1.9 1.9 1.6 1.7
Co 19 <] 15 13 18 23 3.6 < 12
Li 41 13 38 24 39 13 42 16 23
Sc 45 14 14 15 4.1 14 15 13 15

J. Petrol. Soc. Korea
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Table 3. Continued.

Sp.no YC 11 YC13 GP42 GP72 GP74 GP75 GP76 GP79 GP85
Sio, 73.05 75.35 72.16 72.63 72.17 7224 7192 71.91 7226
TiO, 0.25 0.16 0.29 0.25 0.27 0.24 0.24 0.27 0.25
ALO, 13.62 13.49 13.84 13.72 13.61 13.75 14.11 13.83 13.76
Fe,0,* 2.00 1.12 2.47 2.37 249 2.56 237 271 2.61
Fe,0, 0.83 0.62 na na na na na na na
FeO 1.05 0.45 na na na na na na na
MgO 0.49 0.20 0.55 0.52 0.55 0.51 0.49 0.57 0.52
MnO 0.03 0.06 0.10 0.07 0.08 0.11 0.10 0.11 0.10
Ca0O 1.40 0.95 1.17 1.22 1.30 1.28 1.38 143 1.24
Na,0 3.46 3.60 424 353 3.55 355 3.66 3.63 3.47
K,0 4.63 4.57 4.34 5.01 4,79 5.01 5.09 470 5.04
P,O; 0.05 0.02 0.06 0.05 0.06 0.06 0.05 0.06 0.06
LOIL 0.79 0.32 0.47 0.36 0.25 037 0.26 0.45 0.40
Sum 99.65 99.79 99.69 99.73 99.72 99.68 99.67 99.67 99.71
Ba 557 684 532 510 549 538 580 513 546
Rb 177 193 128 152 151 177 178 178 140
Sr 113 131 126 106 117 110 118 129 119
Zr 127 51.4 na na na na na na na
Nb 13 11 8 9 10 10 10 10 9
Y 11 5.5 10 10 10 11 10 12 12
v 22 11 21 20 22 20 20 22 21
Zn 5.7 52 10 16 17 16 16 11 20
Pb 26 24 31 32 32 32 33 33 32
Be 1.5 1.0 na na na na na na na
Co <1 <1 na na na na na na na
Li 20 18 0.8 1.0 1.6 1.1 1.5 1.6 1.4
Sc 4 13 10 13 12 1 12 10 11
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Table 4. REE contents (ppm) of CHBG.
Sp.no P34 JP50 YC10 GP74 GP85 IP9 JP33
La 68.2 67.2 67.1 50.6 40.1 62.2 550
Ce 101 115 111 92.1 73.3 108 92.5
Pr 10.7 11.8 109 8.49 6.97 10.0 9.16
Nd 359 42.0 37.4 299 25.8 33.6 30.9
Sm 5.90 747 6.45 4.13 4.00 543 5.02
Eu 0.97 1.21 0.89 0.508 0.507 0.83 0.74
Gd 5.07 5.94 5.66 3.25 327 5.12 4.69
Tb 0.58 0.63 0.68 0:612 0.692 0.60 0.57
Dy 2.74 2.66 3.57 241 3.01 3.07 3.03
Ho 0.55 0.48 0.74 0.472 0.572 0.62 0.62
Er 1.58 1.34 2.06 1.540 1.850 1.69 1.70
Tm 0.20 0.16 0.27 0.194 0.242 1.54 1.52
Yb 1.32 1.01 1.80 1.500 1.710 0.23 0.23
Lu 0.18 0.14 0.26 0.196 0.243 0.22 0.21
Sum 234.89 257.04 248.78 195.90 162.266 233.15 205.68
YLREE/ZHREE 31.85 39.04 25.52 27.29 18.51 28.25 25.13
(La/Yb)y 34.91 44.96 25.19 22.80 15.85 182.75 161.59
Eu/Eu* 0.53 0.54 0.44 0.41 0.42 0.47 0.46

SI0,= 69.76-75.82(H 72.79) wi%2] THL 7R
thie] WElEg s W R ARQEA gl &g
ALOE 13.19-1535(F 7 13.95) wt%E 714 F ¥
245 717 Fe,0,0E L122.71(3 T 2.09) wi%s
71 thae] WEE-g 71T MgOs 0.06-0.62(8
0.46) w22}, MnOE 0.02-011(HF 0.06) wi%2] $F
FE 7F AR O W wsES spdnh agw
Si0,2] g@Zrid wEt Tio, ALO, Fe,0,(t), MgO,
Ca0%} PO TIH-E F33 9o AFS, adx
Na,0, K,0%} MnO= W3 dE Holx SEriFig.

3). 2P| gi R she] Al T vl sk
whzwte] #abake Hel.

CaO= 0.54-1.80(3 1.24) wt%2], Na,0= 3.33-
4.80(B 3.65) wi%e], 83 K08 3.71-5.09(3
4.77) wt %2 e 7R Zhzt thad] W 7i
t}h. 34 o)g el A K,0/Ca0OPutman and Bumn-
ham, 1963)x 2.69-9.26(F 413)Q e 7 2R

2 GERol guxlad oo R 37tk Joo 4
gy, 2 Wl PO 0.01-0.11(BF 0.05) wi%s]

FE 7HA o F& HsEg 7Tk

¢ S0, Wl K09 #AEA g AL
V1A E(Le Maitre et al., 19891 sfdeth(Fig. 4). 2
2] AMF(Na,0 +K,0, MgO, Fe,0,t)2] AztmofA]
AA-DAAAL Hapn £3427] A=e] 4FE F

slo] 7FxIth(Fig. 5). Si0, Wl Na,0+K,00] AA|(Irvine

and Barager, 197145 B AEAZA] &350
A/CNK. T A/CN(A/CNK = ALO,/(Ca0 +Na,0 + K,0))
o] BH) AAEAN BF Aok oo BT
a8l BEHE Agg o] ETFig. 6). 2L A/
CNK# A/CN9] E8):= ZHzb 1.00-1.10(3 < 1.04)3
152-1.89(H 7 17008} e 7hA, AR S A
tae) WslES JhA olHe Fe4 WEAY T
o2 p|Fo] o] YL Tt i} yebd mpzwlol A
ARE A azge] AA-gylAE aya &
GRujebd o] 2anr) A= gt

o[ 48

Sio, ™ vFAAe] BAEA Badt Rb2 WA=
Ael, 227 Srp V& iR 2o HEE o|ETH(Fig.
7). Nb, Y, Pb3} Sc& i WaldedS Holx o
W, Zn$t L1~ T2 e FEAGS o]ETh

ol Y& Fox 2229 Ba, Rbd} Sr& Zhz)

114-864(%& 561) ppm, 123-248(3 ¢ 183) ppm3} 20-
264(H7 124) ppm e 7HAH, 2 EHTE ARjolA 2
Fhako] ZA F7het ol vlavt 281579 Badl
glako] R385 %) 7] (Nockolds and Allen, 1953; Taylor,
1965) WE2 & sj4jdch. 3HH o}F Ba, Rb# Sr 3t
Zrerll Al 22t 600 ppm, 150 ppm¥ Sr 285 ppme] &
Z(Taylor, 1965y 7FACIE B E 3 gt
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Fig. 3. Variation diagram of major oxide compositions.
¢t o] FFete] Ba o) Rbe WHUE WIS o+ 22) ppmE 7HH FAIA 2 o] thae] WEE
HolA get) ook g ARtFoR {AR X3 & 7}At}. Be, Lis} Se 22+ 1.0-2.7(1.9) ppm, 0.8-41

A EAL 74+ Badt Sr& E3Arg-9) AgS B8
o] o]Zrt}(Fig. 8 Mason and Moore, 1982; Taylor,
1965). 38 Rb o] K| A AME o] F7gke vt
3 Ao Age o] BTHFig. 9). 2B AWl R(10°
x % K/ppm Rb) 752 260 AF 74 adEAE &
3173 gke] 9 HH(Shaw, 1968)°) <31t
A2 7re 51-308CE 142) ppme 714 B
WSS o] F, si7kehl Haakel 180 ppm(Taylor,
1965)Et} tha v kg JhRTh Nb, Y3 v 7
Z 8-17(HF 12) ppm, 4.5-13(BH 9.8) ppmT 6-56(3
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(He 16.4) ppm3} 4.1-15(11.9) ppm®} FFS 7HATH
A HE Q29 Znot PbE ZH 4-56C37 23) ppm
7 1433FHT 26) ppme MR, vle HHdES
o] &}, RHHAAS Coe <1-19 ppme] T3S 713

A Ca0 W Sl TR Ao ARE, 22y
K,0 W Srlrle oy EoE e as oA &
=tHFig. 10). ©|& T Fo] CHBGOIA Sr2 ¢Ze%
ARt Ao E¥ZAA 28 (Mason and Moore,
1982)0]l © #ojgk o F s FTt
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Fig. 4. Subdivision using silica vs K,O.
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Fig. 5. Triangular AMF (Na,O+K,0, MgO, Fe,0,(t))
diagram.

SlERAULN MR

S EFY4 XTI = (Taylor and McLennan, 1985)%
A, BB EFYE(IREEXIN F3EFALHREE)RE
ZE A9 YRR HRH ez F3lo] AWEe
£ B2Iti(Table 4; Fig. 11). (La/Yby© HEHo=
W5 dRM 161.6-182.82] & & & 7R,
2 8= BT 15944509 F& HgES o]ETh
ZLREE/SHREE H]:& 18.5-39.084 A9 #d3d 7t

JHATE EwEu*S 0.41-0.549] F& H3ES B
th Bu Thd wlefst § o)dE Holil 583-13.91
HlzA F2 99 aFEIE /Y o2 n)R
o] APgAe] REAA LS 30 Aol AA v
WA FL& HAWeA weRsA ol Aoz sadg)
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Fig. 6. Molecular A/CNK vs A/CN (A = ALO;, C=CaO,
N =Na,0, K=K,0).

(Jwa, 2002), 222 AMX G wlekr] 34 371¢ F
kR (&8 Fet TAA, 2004)9) tha X3 B
S o2 3 A7RY e SHUU Y
79 4 2 FIEFILY W2 A E(Jwa, 20020
o &3t} 2zl Zet BEe} A FU¢A S EwEu*
zkzt 0.37-0429F 0.11(&EFS FAA, 2004y 7HA|
o, A 9 SIEFLL] HelET F42 CHBGS
Aol dAsh= AL o]Er}. hE A4S = wief
7] &8sl Bue T3 F o4, EwEu*2
0.02-030 28}3 AHAo T s EXPAS o]F
o|(AFEAF BT, 1996), o] 9] sAUH vhi o
2 W3 de ®elo 2ga AAEAW Her) &
A Bppeke S4lRolA FHEE it Eud F
1’4o] Aol o=z Z71E|o}(Hong, 1983) THE 74 &S
[Ei1=3

O ol 1]

N

=4
olt}, TAE F3T AL v FIXHAYLE, F
2 o] 2o R gGEREddel §A EEdvt. F7
o2 A FEERrt 22, 718 =
A] #Hanjgle|EZ Rl et WEHr = {it)
JHBG, JBG®} CHBGE 994 FEAFK-Ar B)
oA FE3 xfolE Helth HAxle] M AHE
174.67+5.00 Mao|t}. JBGS] Z2EAHL2 15096+
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