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Mineralization of Hydrothermal Ore Deposits in Relation to Chemical
Variation of the Cretaceous Granitoids in the Gyeongsang Basin.

Jae Yeong Lee*, Jin Kook Lee**, In Ho Lee* and Sang Wook Kim**

ABSTRACT : The Cretaceous granitic rocks show differences in rock types and chemical compositions according to me-
tallogenic provinces of copper, lead-zinc and molybdenum in the Gyeongsang basin. Jindong granites are of granodio-
rite~quartz diorite~diorite in Cu-province; Makeunsan/Yucheon-Eonyang granites, granodiorite~granite in Pb:Zn-
province; Onjeongri-Yeonghae granites, granodiorite~quartz diorite in Mo-province, and there is a trend that productive
masses are less differenciated than barren masses in Cu and Pb-Zn provinces whereas productive masses are more di-
fferenciated than barren masses in Mo province. Metallogenic provinces are distinguishable by variations of major and
trace elements. The Cretaceous granitic rocks are highest in the content of Ca, Mg and other basic major elements and
lowest in the content of K and Na in Cu provicne; the variation trends are vice versa in Pb-Zn province. Trace elements
such as Rb and Sr show variations related to K and Ca, and metallogenic provinces are also distinguishable by their ratios.
The granitic rocks of Mo province have intermediate content of major and trace elements, but are clearly distinguishable
from Jindong granites and partly overlapped by Yucheon-Eonyang granites. Chlorine content in biotites is higher in a
productive mass than in a barren mass in Cu province. Therefore, the mineralogical and chemical compositions are
applicable as geochemical index to distinguish the types of mineralizaion, and productive and barren masses of the

Cretaceous granitic rocks in the Gyeongsang basin.
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el g4 BAE Atk o3t 2ok ol #A8Y A EE AHE o HAR S
ket Bgol "ot AFsigtde A FEAL e
Yo LY BEXY F-TEAA TS B Fel A RHE o
AT R YA RA s o] 9l (23] F, 1985). 24
AEARAE T2 FERYeEA 502, F ok, A ALY A SRt B vt
FA-F4, A 5 Bl itk TS o] v gate] Fld A EolBo g WER (TR, 5
Ee so|ZAe o3} me 4y FARAteE AEHY P Mo Agtsle) glom, Rehl AP S ALRE, A%
TEA Y F34 (439 5 1985; HA4, 1986} & Co FERe 5UAS Hof oldh. WA A S5 Y A
As-Wel Aol 31 vpabA e $44L & PbeZn ARE a3 Adste] $AME 48D (9§ 198)).
Au-Agd) FIFFA WA Adggael Sak (o4 1972). ol2|d s7ehdote] AFHAL dFFAAE H2E 3l
oot AL AAA ] At bt Bote g slof o} &, AR PSS WA Byl e
o io] FAGG~ e QeFAPSORA AZH B Zsjo| 2y ] APHE AR 2 5yMsiEe] e
¥ 5UES Pl Au-Ags Rt FHEEC] TAET o ol oo} ofAN 3} el e AEFe| itk 22 &
AT Qlek 3 2L B4 3 shbistel o] T2 SYA S o] 9l (Jin, 1975). 37kt 2ok ol
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dht EFAe] Aoz AR feldetdAe F43 4 FA- el o2 S 3k 3lom, Sillitoe (1977
sodo] A A7 B A, Aokl B A 5 ofe dAe R AEAY AddRoR el
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REagqreleh 2 o 3534 RS R e oet A9} Apdalde] A|A (Ichikawa et al, 1968)3} 3Pdekiel #
ol glovt AR AL FFE0] HAF AgAIL - 3}2+4- (Shibata and Ishihara, 1974; Shimazaki, 1975)°] A2
ofdFgo] M o] ik FHEL F54, d-oldFE  HAE HE AR do dIEFE AFAEAGo] TAAY]
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Aatel| wpeh of7kef Aol glont AR FAlsle), FAHE
TEEL 9%, A5 ATtz odje] FAH EE
Rolr Bzuberol @ £9 (plate subduction)?t L4 T
7}tk (Flectcher, 1976). &%) (1968 Oﬂ olstm F4:-3
T2 NSo} NEWah& 7Hu g &-ofed a2 Nb-
10Wstso] $-4jajck. o) ke 04%‘2}011 weh 294 o
24 Fletcher (1976)0l] 2J3}% #=1.& NS¢} EWHl3Ee] 7o)
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AEAN AATF2A Y] Hers B AR 2R 43
% shitel § AR AR NEW3, AT (conjugate
fracture)= N10-20W 3! N65-75Wupal-& =90 3}4bets

© A WA dAb AR ) AR R A
g AA 72N d#AE Holed Fletcher (1976)9 73}
Landsat-I photograph% ©]4-3} tectonolineament diagram (%
% 1978)% vl 28 Foid (N10-20W, N65-75W)9}
2 $3HNE)S q‘ 7} NS-20W, N50-80W 2} N10-50E ($-
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Fig. 1. Distribution map of the studied masses of the Creta-
ceous granitic rocks in the Gyeongsang Basin.
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@ : Jindong gr.(north part)
1 : Makeumsan gr.
A : Onjeongri gr.

O : Jindong gr.(south part)
{1 : Yucheon-Eonyang gr.
5 @ Yeonghae gr.
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Fig. 2. Modal quartz-alkali feldspar-plagiocalse diagram.
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Fig. 3. Normative quartz-orthoclase-plagioclase. Symbols are
the same as those in Fig. 2.
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Fig.4 AFM diagram. Symbols are the same as those in
Fig. 2.
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Fig. 5. Variations of major oxides versus D.L. Symbols are the same as those in Fig, 2.
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Fig. 6. Variations of trace elements versus D.L. Symbols are the same as those in Fig. 2.
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Fig.7. Rb-K diagram. Symbols are the same as those in
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o] B& ak A2 g vlagezA ANE o £
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Fig.9. Li-Mg diagram. Symbols are the same as those in
Fig. 2.
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Fig. 10. K-Na-Ca ternary diagram. Symbols are the same as
those in Fig. 2.

t} (o]A12, 1993; ©]2 %, 1993). Rb-KE (Fig. Dol A< Al %
A7k 735 3 Sr-Cake (Fig. 8ol e $4477h & 347l
et @48 TEEH, - dFPFY HAPAPETF = T
o] 7hsaieh. #rbohie} Rb-Sr % Me-Li (Fig 9=l
a7} o -oped Akl dhste] A3 TEH, A ol
s} H5ARATE FE 22 A 4ae] K-Na-Ca
ol AE #AF7L @A3 TRk 22t K/Rbel dfdk Ca/
Srx. & K/Rbol th&t Rb/Sr% (Fig. 10014 27 ] 7<)
AT e FATZ FHo] oEsiAlE Al ot (o]
g, 1993).

BAF402% Cu, Pb, Zn, Mo9) 3w 3l 412l 3534
g BAS voled g el A Cu 4]
A3 23, whAsbekAlsh f8-d9 e Pb 9 In

o ofn
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Table 2. Content of Cu, Pb and Zn in biotite fractions of granitic

Table 3. Content of Cl in biotite of granitic rocks.

rocks” unit : ppm, () : average . productive barren ]
rocktype No. Cu Pb  Zn one  province PN TS Ne, Ol pot No. q o
Gd J3 131 16 219 north Jindong gr. south Jindong gr.
J6 U5 4 102 Q1 1 075 Gd3 1 039
Jincond  Qd. J-1 69 M4 185  mineralized 2 0.57 2 0.39
granites J2 67 4 108 (Haman- Cu 3 0.64 3 037
) J4 142 6 178  Kunbuk) Jindong av. 065 av. 038 Cu
Gb. J5 70 4 px]| granites Qd2 1 0.48 Gd4 1 047
Gd. J7 141 3 81 barren 1 09 P X1
J8 71 10 173 (Pyonamri) 3 064
Makeumsan gr. 2490 4-13 272318 mineralized av. 070 av. 047
(6) av. 42 9 269 av. of Qd 0.68 av. of Gd 0.43
Yucheon gr. 814 2057 258-363 Makeumsan gr. Yucheon-Eonyang gr.
Eonyang gr. 11-39 1745 339-561 barren Pb-Zn G-l 1 0N Grl 1 045
o) a. 18 30 39 1001 2 oM
Onjeongri gr. 813 420 198411 mireralized 3005 3 04
(9) av. u 12 279 av. 0.05 av, 0.45
a) Data from Lee ef al. (1994). Gd.; granodiorite, Qd; quartz diorite, Gr2 1035 Gr2 1 0.46
., granite, av.; average, ( ); numbers of sample. Makeumsan 103 2 0.48
gr-; granite, av; A Yucheon- 3 02 3045
Eonyang av. 031 av. 046  Pb-Zn
o] L on] SAsIHAE Mo #Hefo] Eoh & Pb S granites G310 027 Gr3 1 002
S ool YSdE o3l e 1o 1o
Yepe moltd], o) BATY T4 FA-ABbYIAE Py M
o -ofed Aol Saht & FAFUel & deidl 7|2 d-ofel Grd 1 021 G4 1 022
o] ol7] BEoz HAHr 0B V)
ol BaASS T D uigULd Feshe AHEA 2o 3o
U AT 3¢ FEsede f48 QA9 94 9 a. of Gt 022 av.ofGr 032
o, 2 AT GRS AAHMAREE FEdhedle Onjeongri gr.
Mok} AR Yehjuz 39B F 929 (9 5, Gl 103
1994)) €3 27 AN Y
Onjeongri- a. 024
225 5 gAs szRe Wikl Yeouge Gr2 1 012 Mo
granites 2 015
X el s R 30
dutde s 3 el sl H3bh ¥ol AL E . 0I5
Fprpast F3gdo] FAHT, olo] R H 2ot} av.of Gr 019

B3 44522 (Slawson and Nackowski, 1959; Bradshaw,
1967), & 9 7} 59 F4R £ %, o, ofdn dAE ICP
2 EPMAZ 84313 AA4H4 ohalsh B4 A Aol e
AEsIA

HERR 24

dutdoz 3} B ALY FATS FHE Aokid
2%% (Tauson and Kravchenko, 1956; Parry and Nackow-
ski, 1963)1} A4 (Cuturic ef al., 1968; Slawson and Nackowski,
1959) 59 ZHEAA A Jepdo® ¥ 99 FEE F
%, d-opde] T A Ao] £& AR 7Rt (o]
T1994). B 99 Eo® 3 34 P 0w 5L T

AR A5 A A 37H4Z ko] 173 ppm, 345
1U5ppme2 7MY B3 B84 SIS sPFS s
107 ppmo.2 € BA7S) A4 sprkoH ke Fok 18]
ojel% o -opedabo] vpFAspFekA] (269 ppm)t -
Fsl73stAl (396 ppm)el A} 7+ £t (Table 2).

gebi & oAk T8 F FAF4 gl Aode) Axct
Ao Erhn ¥ ¢ gck 28y d-ofdATFelM e ¥
BAY) SA-A kst 7} .82 A uhg Ak ok A ot
2903 os) ol Fepo] ¥A Jebnz fAH-A%EY
ot A A 2A Y TP A ENE Da5} Qlck &
o 298 F 5 gk A AF3gAe 224 A

il
ki
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A e AR Aol E Rolm2 3t e A A4/
FR4E dsked 280l 9 AR Agdr

229 24

dubA oz sp7HE sl Mg 37t of g%
el7] wgell @izt of ol
2 9 ST AT GAE B SR F dh g
Fpod T HASY +
37455t (043 ppm) et et mhehA %%E 3
3 3 B sk o A/ EEA A ke
S0 9 o2 Ag gk v 4 o] T A thsjo]
olAx g Huke| =3 (Johns and Huang, 1967; Kesler ef
al, 1975)0] UL, & o A-opdPTAME A elaatst
72t (022 ppm)7t 224 FA-AF3FEA (032 ppm) 2
o} vk (Table 3). Z2ju} of A5 vhgabshdatA sk 3o
FprAE Y At olER 238 F dagest A
AWERAS e HAEE A ATE ok Pt
B F dh e BTl nad B A4
Ae 5347 (068 ppp)> - ot F4T>(0.22 ppm)>
HrddT 0.19ppm)9} £4E5 Holx B2 33t o
A% ST (043 ppm)> - otd R AT (032 ppm)2 2L
£AF ol debd SRS dad P A A
AR i 4T $F TR 8] 8 A
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