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Petrology and petrochemistry of the Jurassic Daebo granites in the
Pocheon-Gisanri area
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Abstract: The study area is mostly composed of Precambrian Gyeonggi gneiss complex, Jurassic Daebo
granites, Cretaceous tonalite and dykes, and so on. On the basis of field survey and mineral assemblage,
the granites can be divided into three types; biotite granite (Gb), garnet biotite granite (Ggb) and two mica
granite (Gtm). They predominantly belong to monzo-granites from the modes. Field relationship and K-Ar
mica age data in the surrounding area suggest that intrusive sequences are older in order of Gtm, Ggb and
Gb. Gb and Ggb, major study targets, occur as medium-coarse grained rocks, and show light grey and
light grey-light pink colors, respectively. Mineral constituents are almost similar except for opaque in Gb
and garnet in Ggb. Gb and Ggb have felsic, peraluminous, subalkaline and calc alkaline natures. In Harker
diagram, both rocks show moderately negative trends of TiO,, MgO, CaO, ALO,, Fe,O, (1), K,O and P,O;,
as SiO, contents increase. Among them, TiO,, MgO and CaO show two linear trends. From the trends and
the linear patterns in AFM, Sr-Ba and Rb-Ba-Sr relations, it is likely that they were originated from the
same granitic magma and Ggb was differentiated later than Gb. REE concentrations normalized to
chondrite value have trends of parallel LREE enrichment and HREE depletion. One data of Ggb showing
a gradually enriched HREE trend may be caused by garnet accompaniment. Ggb have more negative Eu
anomalies than Gb, suggesting that plagioclase fractionation in Ggb have occurred much stronger than that
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in Gb. In modal (Qz + Af) vs. Op, Gb and Ggb belong to magnetite-series and ilmenite-series, respectively.
From the EPMA results, opaques of Gb are magnetite and ilmenite, and those of Ggb are magnetite-free
ilmenite or not observed. Bimodal distribution of magnetic susceptibility reveals two different granites of
Gb (332.6 uSI) and Ggb (2.3 pSI). Based on the paleomagnetic analysis as well as modal analysis, the
main susceptibilities of Gb and Ggb reside in magnetite and mafic minerals, respectively. They belong to
S-type granite of non-magnetic granite by susceptibility value. In addition, SiO, contents, K,0/Na,0, A/
CNK molar ratio and ACF diagram support that they all belong to S-type granites.
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Fig. 1. Geologic map and sampling sites in the Pocheon-Gisanri area.
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Table 1. Modes of the Jurassic granites in the Pocheon-Gisanri area.

Rock

Sp.no type Qz Af Pl Bt Mu Ch Ap Sp Zr Gt Ep All Op
1-1 Gb 378 371 239 1.1 tr - tr - - - - - 0.1
1-2 " 442 256 272 22 tr 0.1 tr tr tr - tr 0.1 0.6
1-4 " 284 414 273 2.5 tr - tr - tr - - tr 0.4
1-5 " 432 251 295 19 tr - tr - - - - tr 0.3
1-6 " 446 255 279 1.7 tr - - - - - - tr 0.3
1-7 " 431 272 269 1.8 tr - tr - tr - - 0.1 09
1-8 " 512 200 276 0.9 tr - - - tr - - tr 0.2
1-9 " 535 186 257 1.6 tr - tr - tr - tr 0.1 0.5
1-10 " 306 482 199 12 tr - tr - - - tr 0.1 tr
1-11 " 391 363 240 0.5 - - tr - - - - 0.1 tr
2-1 Ggb 471 231 282 15 tr tr - - tr - - - -
2-3 " 344 296 333 14 0.3 04 - - tr 03 - - -
2-4 " 414 293 275 1.6 02 - - - tr - - - -
2-5 " 287 307 348 5.4 0.2 0.2 - - tr tr - - -
2-6 " 380 263 310 2.1 12 13 - - tr - - - tr
2-7 " 509 241 219 29 tr - - - 0.1 tr - - 0.1
2-8 " 424 279 270 04 1.0 1.2 - - tr - - - -
2-11 " 340 318 331 0.4 0.3 - - - tr 03 - - -
2-12 " 442 280 258 2.0 tr - - - tr tr - - tr
2-13 " 568 181 222 2.8 0.1 - - - tr - - - -
2-14 " 420 287 217 1.5 tr - tr - tr - - - tr
2-15 " 481 264 21.1 4.0 0.1 0.2 tr - tr - - - -

Qz: quartz, Af: alkali feldspar, PI: plagioclase, Bt: biotite, Hb: hornblende, Mu: muscovite, Ch: chlorite, Ap: apatite, Sp: sphene, Zr:
zircon, Gt: garnet, Ep: epidote, All: allanite, Op: opaque, tr: trace, Gb and Ggb are biotite granite and gamnet biotite granite, respec-

tively.
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Fig. 2. Triangular diagram of modes for the Jurassic
granites. Biotite granite(Gb) and garmet biotite gran-
ite(Ggb) are opened and closed circles, respectively. Two
mica granite and tonalite are plus and cross, respec-
tively.
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Table 3. REE (ppm) composition of the representative
granites.

Sp. no 1-5 1-10 2-3 2-13
La 251 20.0 13.2 33
Ce 46.9 41.1 31.0 50.4
Pr 4.18 3.59 348 5.38
Nd 13.9 12.8 14.5 22.6
Sm 1.73 1.71 3.76 4.33
Eu 0.38 0.40 0.07 0.23
Gd 1.40 1.35 3.01 2.88
Tb 0.27 0.31 0.85 0.60
Dy 1.09 1.26 4.48 1.99
Ho 0.23 0.26 1.10 0.37
Er 0.80 0.96 4.06 1.17
Tm 0.11 0.13 0.62 0.15
Yb 0.93 1.11 4.87 1.26
Lu 0.14 0.17 0.67 0.16

Sample no. as in Table 1.

SRR ERE SR ENEENEEE )
£ AAdon sk Wdse 23 SUAs "o,
WemE YPE FYAL o Feus} fAK 2]
£ 3o)7] Wge] san7|ge] YAFEMiller er al.,
1982 AYHT AHYL Feme] mgos, A

e Zem} BUAH Yo aEMe) 4ES o]F
M A% $HET ARAL BNE B A
o2M AY Yol A% FHEH, 2 2717 Tmm
ol o|27]% Pt BEFFEL Az FuEs
Qon 7E Fem ZAYNS T ngd &
Hyele wed.

orAstat

ENE 229 mBAL AETE Gb 170 28
3 Ggb 157124 EBEF 26700]t). 223 Kwon et
al.(1994)°] AFEIE FYA ] FHAEE o] &5}
Aok Gbt GgbolMe zbzh 2 7i¥ ] YEAEE o
3t S E{FAARERE £ 59 tHTables 2, 3).
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2Hdeksel sgete, Hag@ol FrldA o7k 7t
gtk ALO= ZHZE 13.07~1522(F 4 14.18) wr%<t
11.44~1443(F T 13.50) wt.%2 AzpA] 2 Frako)
ta Frhstth. Mg0E 44 0.16~071(8F 0.26)
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Fig. 3. Harker diagram of major element compositions
for the granites. Symbols as in Fig. 2.

wt%E, 28|32 FO,0+v 272t 095~2.67(HT 1.52)
wt.%et 0.99~228(F T 140) wt%E 713l o)L
B5F FAelM 2 gheko] aste] Ggb7l GbRTH &
35719 2ad 7HeAdE AAE Na,oe 7+
3.16~4.23(FH 3.65) wt%9 3.10-4.16(HT 3.72)
wt%, 183 K05 27 4.12-525(BF 4.69) wt.%
o} 4.12~5.18(BF 4.70) wt.%=A 7o Hl&d s
74tk Tio= 24 0.19 wt%9F 0.07 wt%S, 13
3 PO M7 003 wi%st 0.02 wt%e] Flgos
e

Gb%t Ggbe Si0, F7H W TiO, ALO,
Fe,0,(1), MgO, Ca0, K,0%} PO, = A Koz gt
T R A¥E F83], 2eZ MnO, Na0s}
Na,0 +K,0= Huh& B Ee Holx] ¢=ThFig
3). o] A TiO,, MgO%} CaO= ¥ 7/Mef Aoz
¥t Gb9t Ggb7h tha e 23] ey
Aoz dMEr),

A/CNK(ALO,/(CaO +Na,0 +K,0)) E¥l& ztz}
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Fig. 5. Relationship in terms of silica and total alkalis.
Symbols as in Fig. 2.

0.93~127(8F 1.093F 1.03~121("1.0NEA, Gbe} 3+
AR Yolle BF FEFujugdd sgethFig.
4). °1E ALFE Sio, H Na,0+K,0)2] &A) (Irv-
ine and Barager, 1971)°lA AMB gz, 28w
AFM(Na,0 + K,0, Fe,0,(t), MgO) AztATdA 7
gz AQo &l Bilwr)d s BFe
o] ZthFig. 59} Fig. 6).
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Fig. 6. Triangular diagram of AFM(Na,0+K,0, Fe,0,(t)
MgO). Symbols as in Fig. 2.

ZTh(Fig. 7, Table 2). ARl Ba2 Gb&k Ggbt
7}z} 367~894(F 550) ppmF 5~437(FT 150) ppm
< 7FA ARelA 2 ko] A vERd T ol Yol
2 FoA] KTHe X338l Baol 2719 £3d Gb
&g Ze-2 Yol B} o] YU g7
(Mason and Moore, 1982; Taylor, 1965)°.2 ]t}
Gbs} Ggb W ¢ZE144e 72k 305 %% 27 %S, L
gr F2EE 77t 15 % 22 %9 BSE g 7t
A 0|59 Fo| GbllM ¥ F713THTable 1).

Rb Gb9} Ggbst 7}z} 157~543 (B 313) ppmat
197~492 (%< 360) ppm®] #& 7HH FRpefA] 2 &
o] o7k Frlgnt.

Sr& 217} 85-238(HA 135) ppmF 54~119(F
43) ppmE 7HA FANA 2 gl ATty ax
Sr tf CaO& fF3le] Aoz AyE 3o #AE, o
g3 Sr tf K,0F tha #4H Ao #AE o|F(Fig.
8), Sro] K73 Bt APgale) A4 24 (Mason and
Moore, 1982)°] BT} o #ojdt 02 HIT)

Bad} Sr2- SiO0 thskd Z2 5 7o) F&) e,
223l Rbe ¥SATE Holx] FerhFig 7). 28
I Sr t] Ba(Taylor, 1965), Rb-Ba-Sr 4}Zt%(Fig. 9;
Bouseily and Sokkary, 1975)0l4] F-8lo] Ad4o 2 uj
491, Ggb7} GbRT} BF Z7|d sfgsle BiA
TS BT olHd o7 YAgeE HIlEHoR |
o}, °]& Gbe} Ggbe ©|F FYrlamloA = olv]
APgAle] EEAR gl dojur] AlAErglen, o
Foll Gb 2|3 AP ] EEARZFEo] o WPH
Gghd] €28 FHAS YT o= FHHHEY. o=
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Fig. 7. Harker diagram of trace element compositions.
Symbolsas in Fig. 2.
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Fig. 8. Relationship of Sr vs. CaO(upper) and Sr vs.
K,O(lower). Symbols as in Fig. 2.
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Fig. 9. Triangular diagram of Rb-Ba-Sr. Symbols as in
Fig. 2.

2231 Pbe} Zne Si0,hs EMUE WEAFTE Ho
7l gor, Cue thd EFEHE BEE o2

V& Gb9} Ggb7t Z7b 5.8~20(% < 11.1) ppm™%
<1~11.0 ppm®] & 7F4 AAlA 2 FiFo] F7He
t}. o]l Gbell utEl= A4 (Mason and Moore,
1982)9 23 Aoz MEth V& SO0k UAH=
o] AL o|EUh Nbe ZHzh 11.2-21(Hd 147)
ppm3} 12~25(8 7 184) ppme] &S 7HAH, Si0,9
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W3l es Wolx| greth Zrd ZH7 21~145(H T
47.7) ppm3} 25~111(F < 58.3) ppmE 7FA FAFA
22 o] F7keth ol BeE BAldA g o] Hof
£ Mason and Moore, 1982)2] £712 s d}. Zr
SiO ot thd: B BEAFE ol

Li2 Gb%t Ggb7b z+7h 45-118(HF 90) ppm3}
37~159(H < 94) ppme, Sc ZHzZ} 1.3~22(FF 1.8)
ppm3} 1.6~52(FT 2.9) ppme FFE G, ol&
Liz} Sc2 Siofhs ¥uE W3 s 204 gerh

2 7 20~10FF 5.7) ppm3} 1.6~70(FH T 15.6)
ppmE 7HH FRpelA o ol Fh8H, Sio0heE
B3 #AE o2t

F=glo]EZN(Taylor and McLennan, 198522 #F
sl S| EFYAREE) MstTolA Ggbe] 3 7 AR
Qo= A ERYANLREENA F3ERYUAMHREE)
2 Z4E FYF oz 5o AYEe e Bt
(Table 3; Fig. 10). Gb&) o]&jg WslbA2 Eu o4
o] mj-¢- mekgl ) hRIPALFHHS o, 1999;
727t 1992; Hong, 1987)2] A5 2 d=|gt). o]
o} 2] Ggbel Eu Foli& Gbell Hls] A F718t
o Al el 2dAA o] mS AsHA dojt g
AAjgkt}, 8] 3 HREE7} Hold F7M3%E Hole
Ggbe o2 2¢#FE-) M5l HREES ExiAlS7}
A F7FEE 474 (Henderson, 1984)9] ko] €]3t
AL g A Hh
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HelnE

ol IAUF W OpEFHIE)Y EFE3E Gb
9} Ggb7}h 24 EHFE~09%9 0~0.1%2A & ZolE
BHRATHTable 1). J¥+&za]g4e thet Ope A
S(Ishihara, 1977)°14 Gbe A<l7} AFXAG, 2
2]3 Ggbe EF EEENA G 3|FshFg 11).
Op2] EPMA 423}, GbollA2] Ope tlF-E AEA
I BerEd oz pAEY GgpollAe Op7t A &
ZER] F=THTable 4). GbollM 9] 2paA L =29
FEEM AE2HAY F2 E25 9 YHIA FutE
o] vepdth T3 REAH o2 EHEHAA FEHNE
gt AEA e Fele A, iAE, 5§ 58 oF
o] tksiAl e AEM Y g Ee =5
9] &% Fe,0,019 TiO, ¥HFS EF 0.3 wt.% ©|
ol ALO,, MnO, Mg09] FHE 05 wt.% PITHeZ
of-§- YeH(Table 4), & ElEHAA S AN &
g MnO¢] o] oF 20 wt.% WE ¥2 Holth
ol gt AMHE Gb oM AEMat ElvbE e &
&3 Ggb WelAMe elgr@dol AL EA8IA ge
OX 3 25819929 drAsetE dX| i

ol A= tAE S E 2 7l 3 &
ztolE Holth & Gbd Ggbd] HF thA-Eghe 24zt
332.6(x82.5) pSIg 2.3(x1.5) pSIE °F 1008 ©]4<]
ZolE 7MW, WP BEEIXY EAL HY
(Fig. 12, Table 5). WAEEE S8 AMEE BT &
SEEA(Table )] AEEF FUT AERA oS
YA kAol tiAbES o4HE & UATHTable 6). <
M, 24 232 digh FRURE 32 718 &
AERRE Az HFPS 32 (Borradaile
and Alford, 1987; Zapletal, 1990; Hrouda and
Kahan, 1991), Op2 3719 A+ZA3e| 23 x4
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Table 4. Composition of opaques from the Jurassic granites in the Pocheon-Gisanri area.

magnetite
1-3(Gb) 1-11Gb) *PC-YJ(Gb)
Al A2 Bl B2 (9 El E2 Bi B2 B3 D3 El E2 E3 E4 Max Min
Si0, 003 000 005 002 004 004 002 002 000 002 000 000 000 003 0.17 006 0.00
TiO, 003 007 002 0.02 004 002 003 005 003 002 014 000 023 023 010 002 000
ALO, 006 0.08 003 0.08 004 007 006 0.09 011 006 001 003 006 002 004 009 002
FeO™ 92.93 92.81 93.61 93.70 93.06 93.22 92.06 92.12 93.15 90.49 92.00 90.94 91.83 93.03 91.87 92.10 93.85
MnO 022 0.3 019 009 018 046 029 006 003 015 012 000 011 011 010 013 0.00
MgO 000 000 006 004 002 000 000 001 004 000 000 000 001 000 006 001 001
CaO 000 000 000 0.00 000 000 000 000 000 0.03 002 000 002 0.00 008 000 002
Total 9327 93.09 93.96 93.95 93.38 93.81 92.46 9235 93.36 90.77 9229 90.97 9226 93.42 9242 92.41 93.90
ilmenite
1-11(Gb) *PC-IS(Gb) *PC-10(Ggb)
D1 D2 Max Min Max Min
Sio, 0.00 0.00 0.00 0.08 0.07 0.07
TiO, 52.01 52.29 50.71 5295 52.66 52.66
ALO, 0.01 0.00 0.00 0.00 0.15 0.15
FeOT” 28.49 28.56 29.21 9.88 3345 3345
MnO 19.78 20.64 20.98 38.41 14.12 14.12
MgO 0.02 0.00 0.00 0.04 0.00 0.00
Ca0 0.01 0.06 0.00 0.00 0.12 0.12
Total 100.32 101.55 100.90 101.36 100.57 100.57

Sample no. and abbreviations as in Table 1. *: Cho (1992).
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sl 0.0014%00 E3}3ltH(Table 6). WEh EFHBE
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Table 5. Magnetic susceptibility of the Jurassic granites.

Sp.no Gb Sp.no Ggb
1-1 35.06 2-1 0.26
1-2 46.00 2-3 0.08
1-3 2791 2-4 0.16
1-5 36.50 2-5 041
1-6 18.36 2-6 022
1-7 3777 2-7 0.14
1-8 26.87 2-10 0.18
1-10 27.81 2-11 0.13
1-11 43.04 2-12 0.09

2-13 0.63

2-14 0.19

2-15 0.26
Range 18.36~46.00 0.08~0.63
(Mean) (32.26) (0.23)

Unit: 10° SL. Sample no. and abbreviations as in Table 1.

13

A ¢row(Table 1), Table 6°14] B = JEo] B&
FES AT ALNAE L] oln] SRS S
233t} o714 2FEE olfvw FAFEET A
o] tixggke] Aoy B wEt E}°&6}71 ) Zo]

, B9= B0 sl7tet BRA Wako] fEl|st o
2= 4zx 32 2919 g FE8E F ok &
Ao YREe FAFEY Ry AA S)He
ARXge TIHE Aol ANRRE ] 23
ALzke A xS HEZ, Ggblls Fuie] #}
Yozt X2 AA7F . ol BHs] Ggbe
A8 S e Rerhs 2AS A48 FH, Ggbrt
284 A GollA sA oS o]t} o] o E
e A8 x@E YA gAY, ke vl
o Aoz AT}

Gbell it A=) ArdFel] SlojA], &
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FgE

Table 6. Recalculated magnetic susceptibility of opaque minerals in the Jurassic granites.

Sp. no. uSI Qz+Fd Op Bt Mu Ch Others Op=Mt Op=ll Op=0 ExpSuscp MH%)
1-1 3506 988 1 11 0.3 0 0.3 2,298.74 2.84 -126  351.86
1-2 460 970 6 22 0.3 1 22 13,81250 37.10 1250 44750
1-5 365 978 3 19 03 0 0.6 6,908.28 20.58 828 356.72
1-6 183.6 980 3 17 0.3 0 0.3 6,90590 18.20 590 17770
1-7 3777 972 9 18 03 0 1.6 20,707.19 44.09 7.19 37051
1-8 2687 988 2 9 03 0 06 459639 459 361 27231
1-10 2781 987 0.3 12 0.3 0 0.6 689.92 1.15 -0.08 278.18
1-11 4304 994 0.3 5 0 0 13 681.56 -7.21 -844  438.34
Total 2,7141 7857 24.6 113 2.1 1.0 715
Mean 339.3 982 3.1 14 03 0.1 0.9 7,075.06 15.17 256 33670 4.59
2-1 26 984 0.001 15 03 0 03 579 350 349 -0.89
2-3 08 973 0.001 14 3 3 33 692 4.63 4.62 -3.82
2-4 1.6 982 0.001 16 2 2 0.3 841 6.12 6.11 -4.51
2-5 4.1 942 0.001 54 2 2 0.6 53.62 51.32 5132 4722
2-6 22 953 0.3 21 12 12 0.3 709.71 20.94 19.71 -17.51
2-7 14 969 1 29 03 0.3 13 2,32033 2443 2033  -18.93
2-11 1.3 989 0.001 4 3 3 33 -5.05 -735 -1.35 8.65
2-12 09 980 0.3 20 0.3 03 0.6 699.60 10.83 9.60 -8.70
2-13 6.3 971 0.001 28 1 1 0.3 21.93 19.64 19.63 -13.33
2-14 19 984 03 15 0.3 0.3 0.6 693.67 4.90 3.67 -1.77
2-15 2.6 956 0.001 40 1 1 0.6 36.24 3395 3394 3134
Total 25.7 10683 1.907 256 252 249 115
Mean 23 971 0.173 23 23 2.3 1.0

USL: 10 SI. Sample no. and abbreviations as in Table 1. Fd=Af+Pl, Qz+Fd, Op, Bt, Mu, Ch, Others : volume permil from modal anal-
yses. Op=Mt: calculated magnetic susceptibility assuming whole opaque is magpetite. Op=II: calculated magnetic susceptibility
assuming whole opaque is ilmenite. Op=0: calculated magnetic susceptibility assuming no opaque mineral in the rock. ExpSuscp :
measured magnetic susceptibility - (Op=0), expected magnetic susceptibility of opaque mineral in the rock. Mt(%): volume percent-
age of magnetite assuming opaque=magnetite+ilmenite. Susceptibility of mineral(USD): quartz+feldspar; —14.4, magnetite;
2,300,000, ilmenite; 4,100, biotite; 1,174.5, muscovite; 14.4, chlorite; 58.72.
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Fig. 12. Frequency diagram of magnetic susceptibility in
biotite granite(Gb) and garnet biotite granite(Ggb).
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