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Petrochemical Study on the Cretaceous Granitic Rocks in
the Southern Area of Hambaeg Basin

Hyun Soo Yun

Abstract: The Geodo granodiorite intruded into the Joseon Supergroup is fine-grained at the
marginal part, and medium-grained and more leucocratic at the central part. The Quartz monzonite
porphyry intruded inte Precambrian granite and Geodo granodiorite has abundant plagioclase phen-
ocryst. The Imog granite intruded into the Yulri Group and the Joseon Supergroup is medium-
grained biotite granite with partly pinkish feldspar phenocryst.

The K/Ar ages obtained from the biotite of the Geodo granodiorite and Imog granite are Early
(111=1~107+1 Ma) and Late (934-1~92+1 Ma) Cretaceous, respectively. The K/Ar sericite age
of the quartz-sericite zone of the lower Jangsan quartzite occuring in the western area gave much
younger age (about 170 Ma) than that of the Jangsan quartzite, that might be reset due to the
regional metamorphism of the Daebo orogeny.

The granitic rocks of the area are felsic to mafic, metaluminous to peraluminous, calc-alkalic
(alkali-lime index57) and I-type (magnetite-series) based on the chemical data. And they appear
to have been fractionated at the order of Geodo granodiorite, Quartz monzonite porphyry and Imog
granite.

In terms of mineralogy, geochemistry and K/Ar biotite age, a rock suite of monzodiorite, quartz
monzodiorite and quartz monzonite-granodiorite in the Geodo stock was fractionally differentiated

from a magmatic body from its margin to inward.
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Table 2 Analytical data and K/Ar ages in Sangdong area (Yun, 1983).

cem 40 Arrad |

Sample and Reference Mesh Size K% STP/g (x10°9) | Age(Ma)
Geodo Gd 60/80 7.23 32. 08 111+1
granodiorite Ggd 60/80 7.17 30.93 10841

G-194 60/80 7.66 33.22 108+1

G-195 60/80 7.21 31.41 109-+1

G-196 60/80 7.58 32.76 107+1

Imog I-1 60/80 7.21 26. 58 92+1
granite I-4 60/80 7.43 27.54 93+1
Quartzite . Q-1 150/200 1. 44 14. 08 2355
100/200 0.73 8.14 266+5

60/100 0.23 5.90 562145

EBEMBEA®/T 266-5Ma 228 3 BERHEHEIL 235
+5Maz #4H 9 o (Yun, 1983).
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2354-5Ma%} 266+5Mat= FBERF Kol Y resetting 4
ol vt (Jager, 1977). zel sz o] & ko] ke 562+5Ma
= excess argon-g fERgttz Bk g (Dalrymple &
Lanphere, 1969). =3t L 3/ 3WS 40Arrad® K
SRS MGREC ERS MRS RIEEAY excess
argon®m- #J 4x107%cm STP/gel] %= oF(Fig. 2).
28 = BER Aol mase d: BELES
el 14.08%x107%cm STPo] A4 (Table 2) ©] excess
argonfE-& WSt HES BER BREHE # 170Ma
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Fig. 2 Relation of 40 Ar rad and potassium content
from quartz-sericite zone of Jangsan quartzite
(Yun, 1983).
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T QAP) =fff+= ot 9 2 (Table 3, Fig. 3).
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Table 3 Modal compositions of Cretaceous granitic rocks.

% \pt |Qz';K—f] Pl | Bi J Hb\MulAszp | Zr !opa}Tor]Chlcab
Geodo granodiorite
G-13 361 1384 939 |75 |12 |93 1 9 —| 19 1 — 7 —
18.05/ 19.2 | 46.95| 3.75 5.6 | 4.65 0.05/ 0.450 —| 0.95 ~ — 0.35 —
G-14 168 503 (790 (148 138 [170 8 5 5 |37 4 |24 —
8.4|25.15 39.5| 7.4| 6.9| 85| 0.4| 0.25) 0.25| 1.85 0.2| 1.2 —
G-19 294 [581 [740 4 130|197 4 |38 4 8 -~ =
14.7 | 29.05| 37 0.2| 65| 9.85 0.2] 19| 0.2 0.4 e
G-21 324 445 828 /160 |55 157 4 3 3 119 1 1 —
16.2 | 22.25/ 41.4 | 8 2.75l 7.85 0.2 0.15/ 0.15| 0.95 0.05 0.05] —
G-22 38 151 |1019 [271 |19 1456 7 —| 2 |29 — 11 —
1.9| 7.75/ 50.95 13.55| 0.95 22.8 | 0.35| —| 0.1| 145 — 0.55| —
Ggd 328 [402 904 113 |81 149 2 6 3 |12 — - =
16.4|20.1!45.2| 5.65 4.05 7.45 0.1| 0.3| 0.15 0.6 S -
Gd 219 |96 821 {416 |27 B77 5 4 1 |32 — 2 —
10.95 4.8 | 41.05 20.8 | 1.35 18.85] 0.25 0.2 | 0.05) 1.6 — 0.1 —
G-196 391 373 872 134 |86 [129 3 7 — 8 — 3 —
19.55 18.65/ 43.6 | 6.7 | 4.3 | 6.45 0.15 0.35| —| 0.4 — 0.15] —
G-24 129 119 (953 |[353 |104 [228 5 6 —| 20 — 6 |17
10. 45 10.95| 47.65| 17.65) 5.2 | 14.4 | 0.25| 0.3 — 1 | — 03| 08
Quartz monzonite prophyry
G-2 221 |s50 1838|105 |67 |182 1 5 2 |29 — - =
1105 27.75( 41.9 | 5.25| 3.35 9.1| 0.05 0.25/ 0.1 1.45 — — —
G-25 o84 [539 (705 |74 (139|227 2 2 —| 23 — 4 1
14.2 | 26.95 35.25| 3.7 112.95 11.35 0.1 | 0.1 — 1150 — 0.2] 0.05
N-23 286 619 1757 |45 |57 |43 2 8 — 44 —63 |76
14.3 | 30.95| 37.85| 2.25 2.85| 2.15 0.1 0.4 — 2.2 —| 3.15 3.8
SBR-61 143 628 756 |19 189 (307 2 |18 — 10 —17 |11
7.15/ 3.4 [ 37.8 | 8.95 4.45 15.35 0.1 0.9 —| 0.5 —| 0.85 0.55
N-24 173 711 85 |71 |25 |28 2 5 — 19 —l61 |50
8.65| 35.55/ 42.75| 3.55 1.25 1.4| 0.1] 0.25| —| 0.95 — 3.05 2.5
Imog granite
I-1 622 420 [703 196 |42 — 2 1 1 |10 — 3 —
31.1)21 |3515 98] 2.1 — 0.1] 0.05/ 0.05 0.5 —| 015 —
I-4 755 432 524 1234 | 28 — 1 — 2 3 — 1 —
38.750 21.6 | 26.2 | 1.7 | 1.4 — 0.05 —| 0.1} 0.15 —| 0.05] —
1-6 685 1407 (708 163 |10 — 2 1 1 13 — 9 —
34.25| 20.35/ 35.4 | 8.15/ 0.5 — 0.1| 0.05 0.05/ 0.65 —| 0.45] —
I-8 735 1469 1609 |130 | 36 — 2 1 —i 13 — 5 —
36.75| 23.45 30.45 6.5 | 1.8 — 01| 0.05] — 0.65 — 0.25 —
1-10 622 544 (648 (143 | 36 — 1 1 tr 5 -~ =
31.1(27.2 1324/ 7.15 1.8 — 0.05 0.05| tr 025 —| — —
I-11 797 489 571 (110 | 26 — 2 —  t 5 - =
39.85| 24.45| 28.55 5.5 | 1.3 — 0.1 —  t] 0.25 — — =
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I-12 1629 1691 548 (104 2

31.45| 34.55{ 27.4 5.2 0.1

I-13 721 477 601 69 33

36.05| 23. 85| 30.05 3.45/ 1.65

— 3 [ 1 2 16 — 4 —
—i 0.15 0.05 0.1 0.8 — 0.2 —
— 2 14 2 10 —| 60 11

—i 0.1 0.7 0.1 0.5 - 3 0.55

Qz; quartz K-f; potassic feldspar Pl; plagioclase Bi; biotite Hb; hornblende Py; pyroxene Ap; apatite Sp; sphene
Zr; zircon Opa; opaque Tor; tourmaline Ch; chlorite Cab; carbonate

&° ]
©00 K'-: Py Pl
NS ; ,
P Mafic
° %e o \
L] Pl
Feid Mafic

Fig. 3 Triangular diagrams of modal composition
for Geodo granodiorite (full circles), Quartz
monzonite porphyry (dotted circles) & Imog
granite (open circles).
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GHmelvt, A BHl—BdA s WEfR EER
RS =t BEECE 9 RREELS BRIV
flake aggregates® o] 8] —#E BEEAY relicsE 7}
Aot REEEFYS A5 FEE—HKdAA #HmAdg, o
B9 fine aggregates® o] & Millke] BER, ANHA,
HE, BRA, AESES B ol BT fractures
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AEELHE
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B B2 REEZVHE S F 2 (Fig. 3). &
< 2 BEA, ARA, BEAS EER Y °oF W
&7 t% 2z e 8 s

AR WahE ol 4% /7 2.7X1L 2mm(E -

"R F3hs, EE S ol FART REAEFEWO
v ERAN BT AL LAME ofd ERAS
utE #hol v MRS o Fx A YlEs B
e ARV BESY BV RSN A= 3
o BIRAS AWEES ol ¥ m&d IV &K
7x2.2mme]| 2ok HEEAL 14°~18° (An32~36)
2 25 delAld ZEdd

RERC BEA BHRes 99 /iRt —%
pseudohexagonal form= o] ot HEREL —F BE
= #Hu At fkaoly 15°~17°9 E¥XA”LE AR
o ol Hitel = REEEHY ] patchik =& EEBIEC
#FEWNA F7A = ARNERY 294A=
e oy REBEEYe ANEY BEEDE W&
o HARs %es 9 U LA == 2
F BS ol ¥ #iEe) Bigdd =3 FEA, W
BA 9 REEFHES o128 BES ok B
HEHYe 44 HAEY MAEWE ¥ o (Deer et.
al., 1962).

PERES ~9& BH, ARG, EER, #SEAH
ERAEN &F=" . 298 rhombic sectione o] &
Avt BELS BHE wel aggregated forme 2 i
H71= @9 REWHKY+ ERES ANES KB
EgEY ¢ 22fUsME elongate tabular forme- o] £of. &
JBH L flake aggregatest #IR-S ol £ FTWEKE
Helvh KEEEESEY-> twin planeo] i} fine aggregates
£ o] %9 3 Kol rhombic cleavaged =9l th.

BURTERE

FEE modal QAP=ME A 25 TS 2%
He 25 ZaEREd $a9(Fig 3).
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mmo] 3 £33 A Bk da T8 fracturesl
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olFx dAAU ZJE 0.8~2. 4mmolH EHAE
10°~18°(An28~36%) 24 &% mF 4 o] 2~ gl A o]
o}

RERE BHES H9 R Y ANES 3
aggregates® FiEH vl HE: £/ B BBE
< e BFE 2o #EEYE g AREL &
¥, fBaRolv e ol Fo —F FHAIF aggre-
gates2 % FERTh. o] ML twin seam EE For
o 2 lamellar twinningg ] %= longitudinal sec-
tion®] 7% 16°~18°9 #¥fye sbA ot

BEIRAL isotropico] 1} steel dark greys] %Sfafkg
Bole BEA KBGERA BiEdch 2ot 2o
TE RESV RIBRY aFdY. BEBES A%, &
MRE, ANA L ZZ0R BEd VY RGLAS
=2 RENRC 52 KRGS #pd B
BiEs w Fid 93] worm-eaten 2L TREES 2
71E dvh. REESEYS AE EiEmd BRERES
9| Bl A% MR =& flake aggregates® o]
Ztt.

TtREREE2 AR

FEHY FRS H¥E, CIPW 2 Niggli value
gz HBKS S¥ifEE Table 4,59 7o},

BEETEH NG

Quartz-orthoclase-plagioclase =2 (LI F Q-Or-Pl) =
AlEd A A5 BLEE EHEIEE Y X
2B 2 FERe TGS o 9 s
3 AEEZzNKED Erx=c. 2 albite-anorthite-
orthoclase =&(LF Ab-An-Or) =#E (O Connor,
1965)l Al = KBSl TERBIRKE Foln Higge
Exdetol B #E 4 (Fig. 4).

I Trondhjemite
2 Tonalite

3 Granite

4 Granodiorite
5 Quartz
‘monzonite

Or P Or

Fig. 4 Triangular diagrams of normative composit-
ions for Cretaceous granitic rocks. Full, dotted
and open circles are Geodo granodiorite,

Quartz monzonite porphyry and Imog granite,
respectively.

AEF Si0; §E-2 50.76~63. 925 HiF:M:~ o]
# (Hyndman, 1972), EEfitES =25 A& #%E
Hoh, =8 AlOs/(alkalis+Ca0)¢] EH.E= 0.75~1. 10
oz iz 0.928 A4 AF FLIE peraluminous
olv} Jii%#+= metaluminouss}t}(Shand, 1943). ==
T KB K0, Na,O & CaQ9 F¥ wtuse= 247
2.93, 3.42¢} 5.03¢]t}. AH-L oxides & SiO. BHRME
oA A SiO, #hnel el alkalis, Na,O 2 K.0= H418F
1+ ALO;, total FeO, CaO ¥ MgO: ®AHE fHEA
< 7F= ot (Fig. 5-1).

A5 AlOs/alkalis¢} CaO/alkalis= 77 1.99~
3.849) 0.50~1.772 WEH ¥ HEZ, KO/alkalis
9} KyO/Na O+ 0.36~0. 51 0.56~1. 0322 H#EH
FL GEE /1R, 59 alkalis®] FHZS FEL
4.891 A HLE 7.172 FipE et =% SiOFHE=
FEEE 53. 200 A HrLER 62. 82 s = wl, o™
B A5 T HEKRER 2ode #RfERAS
©] B-o] alkalis$} silicazt A =E enrichment Ho &
R s @#47E o (Vance, 1961).

FTio2 ?
L o o " 4
e o o °°o 0% o)
181 Al203, o o 0g :oo
o °oo
14 e
FFeO(t) , o e
L o ° 1
) ° % °',o°& 2
4 F
Fex03 R ) R
o? ° o °® %9 &
- FeO o 18
I o ° o T
° °o®  od& 2
Q.15 F MnO o
o
i ° ° ° o o°°°80
0
FMgO o 410
L ° ° ° <
e SoPeo o
7F Ca0 % o ° ]
° 4 - o
3 0 oP
. K>0+Na: ° 18
2 P 4 0o o 1
» oo o ° 14
4F Nag0 ° o  ab® ]
+ 00 o °
(o]
I K20 ° . d’°°§ 14
0o oo A °
O5f" P20s , o ° 1
- o
0o 1 © ° r n: N s
50 60 68

Si02 (wh.%)

Fig. 5-1 Major element oxides versus silica of Geodo
granodiorite.
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17+ o o0 o A1203‘
o
i3 e
F oo FeO(t) 46
o ° °
L 2
2 9
. . oo o Fep03
[¢]
FeO 46
° ° o o ]
° 2
Oif ° o o MnO
r -3
o]
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Fig. 5-2 Major element oxides versus silica of Quartz
monzonite porphyry.

A5 ferric/ferrousst Fe?/(Fed+Fe?)e] Figzre
Zt7k 0.529F 0.310]2h. 22 o] E3& FE®A0. 37
0. 240l = RLEZY 0.633 0.352 BF S A
BAHAE v ol Fig HHREHI I3 BTREY
2o 7 fEiHE v} (Flood & Shaw, 1974). wlz2v] €]
ERT TERNES T Fe¥/(Fe®+Fe?) L 0.28
2 #4435 vl Q9 shihara, 1977). FE9 =EFY
2E G0l RB4SE At RS HEHRSS
ELf fEm%E 9% (Chappel & White, 1974; Chappel,
1978; White & Chappel, 1983; Ishihara, 1977)d]
S AELe vad & BEESEEGdA BRE
T -B (k] o] ERF)e] B D ok

AREILIEE
CAEE E2 QAP=MAEJAE REEZVEC R »
5 QOrPI=AEdA = AREZKEE %EE
13 ERE ZSE Skl HER HMaHEe A
Woe A W Eoz »olh(Fig. 3,4).

AL SiOr Fol  60.28~62.56°0. 2  FhikiEo] |
Al,Os/ (alkalis+-Ca0) 9] EHE 0.94~1. 040z Ty

3

&

B
Tioz o 10.8
° .
F o L P ° & o ° o
I7F Al20O 4
L 2™ . ® ® o o9 o °
13 o 2
r FeO(t)
° © § 4 ° ° ° T
o o
2
2 Fep03 ° b
° ® & ° ° °
3
E FeO ° @ % 0. © . ]
|
'r Mno o 1
05F
o.(l)}— ° °© ® % o, ° °
I MgO 42
k- ° 0o 5 °° ° o o 4
o o)
4r o0 . . ]
2l PP e o o ]
[ K20+Nag ° 18
° r % o ° o o ° p
6
S Nop ° ]
L o ® w ° o0 o o
Q
L K20 ° ® © o °oo o o 14
. ]
0.5 “O
3 I ons o o
o ° P 0 %0 ° o
65 67 69 70

Si0 (wh.%)

Fig. 5-3 Major element oxides versus silica of
Imog granite.

2 0.962. 2 metaluminouse]t}. =3t SiO, el
w2t g A & total FeO, MgO%t CaO:= A3tz alk-
alis, Na;0¢} K:0% #inste ALOsE A9 BH—3 4
mE 2

#Ed Ko0/Nay0, AlOs/alkalis, KO/alkalis, CaO/
alkalis® =& 2 0.87~0.92, 1.95~2.37, 0.47~0. 48,
0.38~0.634 &2 #HEY T 7HAH, oF e
KyO/alkalisft = EETERIIKERT £ e 7
ot &&59 LI(Larsen Index)$ DI(Differentiation
Index) 9] ¥ 27 12,759 67. 4524 EBETEE
P9 8115 57.78:2 %k 2 & 7FAt.

A9 ferric/ferrousst Fed/(Fed+Fe?)e ZFigzhe-
Zk2F 0,389 0, 250] o}, WRARHE FH-S 0. 49cgs
(X107 24 EHEEMIAKEES 0.65cgs(X107) EtE
% BMARAYG. =% =EFHWELE BEEC ABTE
A8t GA 1-typed] HEHE 7R}

A = EQ-Or-PISMAMEI AL 2 IQAP= Aol
7o {EfRETH syenogranites] <3t »E Ab-
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Or-And A & A7t ARE2IE $3(Fig 4).

FEE SiO7l 65.98~69.622 felsicsts]  Al,0s/
(alkalis+Ca0) 9] EH.:= 1.05~1. 10 2 peraluminous
oleh. E& SiOimel ®Weh ALO;, total FeO, CaOsH
MgO= BAH alkalise ##ks] Ein= v NaOo
KO= A9 H—3 SERS 73 23 (Fig. 5-3).

AEH KO/Na,0, AlOs/alkalis, K,0/alkalissh
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Fig. 5-4 Co-variation of trace elements in ppm with
silica contents for Cretaceous granitic rocks.
Geodo granodiorite (full circles), Quartz
monzonite porphyry (cross) and Imog
granite (open) are shown.
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Fig. 5-5 Calcium-strontium relationship of Cretaceous
granitic rocks. Symbols are the same as
those in Fig. 4.
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Fig. 5-6 Variation in ratios K/Rb versus Rb/Sr
for Cretaceous granitic rocks. Symbols are
the same as in Fig. 4.
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Fig. 5-7 Variation in silica versus alkalinity for
Cretaceous granitic rocks. Symbols are the
same as in Fig. 4.
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Fig. 5-8 Weight percentage of alkalis and CaO
plotted against silica for Cretaceous granitic
rocks. Symbols are the same as in Fig. 4.

F

Fig. 5-9 AMTF diagrams of Cretaceous granitic rocks.

(a) Symbols are the same as in Fig. 4.

(b) Full line; variation trends of basaltic magma
in Skaergaard intrusion (SK) and calc alkali
rock series (CA). Dotted line; Southern
California batholith (1) and Idaho batholith
2.
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Al-Na-K
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Fig. 5-10 Chemical composition of Cretaceous gra-
nitic rocks plotted in terms of Al-Na-K,
Ca & Fe?+Mg. Symbols are the same as
in Fig. 4.
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