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Applicability of plate tectonics to the post-late Cretaceous igneous
activities and mineralization in the southern part of South Korea( [ )t

Kyung Duck Min*, Ok Joon Kim*, Suckew Yun*, Dai Sung Lee*, Sung Whan Joo**

Abstract: Petrochemical, K-Ar dating, S and Rb/Sr isctopes, metallogenic zoning, paleomagnetic and
geotectonic studies of the Gyongsang basin were carried out to examine applicability of plate tectonics to
the post-late Cretaceous igneous activity and metallogeny in the southeastern part of Korean Peninsula.

The results obtained are as follows:

1. Bulgugsa granitic rocks range from granite to adamellite, whose Q-Ab-Or triangular diagram indicates
that the depth and pressure at which the magma consolidated increase from coast to inland varying from 6
km, 0.5-3.3 kb in the coastal area to 17 km, 0.5-10 kb in the inland area.

2. The volcanic rocks in Gyongsang basin range from andesitic to basaltic rocks, and the basaltic rocks
are generally tholeiitic in the coastal area and alkali basalt in the inland area,

3. The volcanic rocks of the area have the initial ratio of Sr87/S8 varying from 0.706 to 0.707 which
Suggests a continental origin; the ratio of Rb/Sr changing from 0.079-0.157 in the coastal area to 0.021-
0.034 in the inland area suggests that the volcanism is getting younger toward coastal side, which may
indicate a retreat in stage of differentiation if they were derived from a same magma. The K20/8i0; (60%)
increases from about 1.0 in the coastal area to about 3.0 in the inland arca, which may suggest an increase
indepth of the Benioff zone, if existed, toward inland side.

4. The K-Ar ages of volcanic rocks were measured to be 79.4 m.y. near Daegu, and 61.7 m.y. near Busan
indicating a southeastward decrease in age. The ages of plutonic rocks also decrease toward the same
direction with 73 m.y. near Daegu, and 58 m.y. near Busan, so that the volcanism predated the plu-
tonism by 6 m.y. in the continental interior and 4 m.y. along the coast. Such igneous activities provide a
positive evidence for an applicability of plate tectonics to this area.

5. Sulfur isotope analyses of sulfide minerals from 8 mines revealed that these deposits were genetically
connected with the spacially associated ingecus rocks showing relatively narrow range of ¢3S values
(-0.9%0 to +7.5%, except for +13.3 from Mulgum Mine). A sequence of metallogenic zones from the
coast to the inland is delineated to be in the order of Fe-Cu zone, Cu-Pb-Zn zone, and W-Mo zone. A few
porphyry type copper deposits are found in the Fe-Cu zone. These two facts enable the sequence to be
comparable with that of Andean type in South America.

6. The VGP’s of Cretaceous and post Cretaceous rocks from Korea are located near the ones(71° N, 180°
E and 90° N, 110° E) obtained from continents of northern hemisphere. This suggests that the Korean
peninsula has been stable tectonically since Cretaceous, belonging to the Eurasian continent.

7. Different polar wandering path between Korean peninsula and Japanese islands delineates that there
has been some relative movement between them.

8. The variational feature of declination of NRM toward northwestern inland side from southeastern
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extremity of Korean peninsula suggests that the age of rocks becomes older toward inland side.

9. The geological structure(mainly faults) and trends of lineaments interpreted from the Landsat ima-
gery reveal that NNE-, NWW- and NEE-trends are predominant in the decreasing order of intensity.

10. The NNE-trending structures were originated by tensional and/or compressional forces, the direc-
tions of which were parallel and perpendicular respectively to the subduction boundary of the Kula plate
during about 90 m.y. B.P. The NWW-trending structures were originated as shear fractures by the same
compressional forces. TheNEE-trending structures are considered to be‘a)riginated as tension fractures
parallel to the subduction boundary of the Kula plate during about 70 m.y. B.P. when Japanese islands
had drifted toward southeast leaving the Sea of Japan behind. It was clearly demonstrated by many authors
that the drifting of Japanese islands was accompanied with a rotational moverent of a clock-wise direction,
so that it is inferred that subduction boundary had changed from NNE- to NEE-direction.

A number of facts and features mentioned above provide a suite of positive evidences enabling applica-
tion of plate tectonics to the late Cretaceous-early Tertiary igneous activity and metallogeny in the area.

Synthesizing these facts, an arc-trench system of continental margin-type is adopted by reconstructing
paleogeographic models for the evolution of Korean peninsula and Japan islands.

The models involve an extention mechanism behind the arc(proto-Japan), by which proto-Japan as
of northeastern continuation of Gyongsang zone has been drifted rotationally toward southeast. The zone
of igneous activity has also been migrated from the inland in late-Cretaceous to the peninsula margin and
southwestern Japan in Tertiary.
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Table 1. Stratigraphic classification of Gyongsang
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Fig.2 Zonation of volcanic rocks in Gyongsang proper basin

based on rock types

= < T0my

Wy 90~Tomy

fillf w2 ~s0my

{5 Yocanic crater

# Plunging direction

~ Fault

Fig.3 Zonation of plutonic rocks in Gyongsang proper basin
based on radiometric ages
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Table 2. Chemical composition and CIPW norm values of Gyongsand volcanic rocks
{IE}? ;i( Hagbong Basalt Chusasan Andesite Clxpzi%z;%istz;n gggsee;is{zn
sample | g93313 ‘8011504, 803311 R-27 R-314 R-33’ R-34| R-62 R—65‘ 803406] 803407‘ 803517] 803511
SiO; 45.53]  44.97]  45.66| 53.70| 44.85| 55.20| 48.66| 51.36| 50.32| 55.44| 54.92] 54.65 61.56
AlLO; 17.35,  18.34|  18.25 20.30| 18.91) 20.06| 18.45| 26.65| 21.17| 19.62] 20.83| 19.82] 19.87
FeO 514 514 411 382 3.79 3.96] 4.70| 1.62] 5.28 279 059 439  0.88
Fe;05 4.61 6.06f  7.27| 2.08 4.07 140 538 1.03 2.78 3.80|  6.18 2.01 4.18
Ca0 9.29] 8.09 8.88 4.28 20.11 845 667 687 879 4.4l 192 7.01 4.41
MgO 10.28 7.63| 6.6/ 295 5.18 2.87] 518 1.22| 4.82 1.26 1.74 3.09) 078
TiO, 1.33 1.13 123 1.09 1.17| 0.86 0.074 093 1.17 1.82 1.56 1.06f  0.66.
P»0s5 0.062] 0277, 0.284] 0.151| 0.057| 0.089] 0.08¢| 0.082| 0.163] 0.042] 0.038] 0432 0.173
MnO 0.114| 0.062] 0.082] 0.096 0.023| 0.014] 0.99| 0.021| 0.0911 0.057] 0.072] 0.025) 0.067
SO3 0.041, 0.012 0.015/ 0.031] 0.017| 0.038| 0.080| 0.031 0.021] 0.010] 0.014] 0.07] 0.008
K;0 1.16]  0.59] 052 0.54] 008 245 6.15 2.70, 0.41 1.43 1.30 1.15 1.35
Na,0O 3.61 2,63 238 6.76] 0.81] 3.97 053 611 290  6.83 6.63 500,  3.95
H,0+ 0.97 3.40|  3.87| 241, 025 0.17] 240/ 082 1.65 1.80, 239 057  1.37
H,0- 0.31 1.51 1.15) 0.68 0.6 0.27 063 041 033 0.63 1220 032 054
total 99.79’ 99.84 99.86’ 99.68| 99.57| 99.80| 99.97| 99.93| 99.79| 99.93 99.79] 99.92  99.79
Q — — 330 3.24] 096 0.60] —| | 432 —| 672 —| 2284
or — —|  3.34) 2.78| 0.56] 15.01| 36.70| 46.90, 2.22/  8.34 7.23 7.23) 834
ab 1520 22.01} 1991 56.11| 6.81| 33.54/ 4.19] —| 24.63 57.64| 56.07] 4244 33.54
an 27.80] 36.70]  37.53| 20.57| 47.82] 29.47| 29.75 33.36| 42.53] 18.63 3.89| 27.80 21.13
ne 8.24 — — = =~ — 824 — — — — —
Lc — — . T T e % ) — — — —_
Wo 7.660 0700 209 —| 16.24] 5.88 081 — 1.39 —| 255 —
di{En 5700 0.0 180, — 12.50 290 070, — «— 1.20 — 220 —
Fs 1190 0.1 —  — 198 172 026 — — — - - —
hy{En — 1540, 330/ 1.40] —| 430/ 9.80 | 12.80 1200 440 550,  2.00
Fs —  1.80 — 4.62]  — 330 27711 — 554 — — — —
ol {Fo 337 2.24 - — 175 217 - 056 — — —
Fa 1440,  0.82 — = H | 072 o051 — — — — —
mt 4.41 8.82] 9.98) 4.18) 6.03 209 7.89 139 4.18 3.94 — 3.02 1.16
il 0.15] 213 228/ 213 228 1.67 015 167 2.28 3.50 1371 213 1.37
ap — 067 067 034 1.34 034 034 034 034 — 1.01 034 034
tn — — S U e . — 216 — —
hm — — 032 - - - - 4 = 1.12]  6.24 — 336
c — — — 112 —  — - 1.53 o041 — 714 — —
Wo — — — = 394 - - - - — - — —
D. L 30.67| 25.35 26.55| 63.13] 8.33) 49.15 40.89| 59.26| 31.17| 65.98 70.68| 49.67| 64.38
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Table 3. Chemical composition of volcanic rocks between
Busan and Daegu

Sample Si0z(%) | KoO(%) | NayO(%)
80-313 45.54 1.16 3.61
R-21 62.14 2.85 3.58
R-22 63.04 3.15 3.70
R-23 64.98 3.00 4.41
R-24 47.90 0.85 2.98
R-25 59.36 2.50 3.98
R-26 59.56 0.11 7.25
R-27 57.88 0.47 6.10
R-28 45.16 2.49 3.54
R-29 56.34 2.68 3.38
R-30 59.28 1.95 4.70
R-31 47.06 0.08 0.70
R-32 60.20 5.00 0.34
R-33 57.38 1.90 3.28
R-34 49.74 1.60 2.20
R-61 50.90 0.95 2.52
R-62 53.18 2.20 4.51
R-63 57.22 225 2.92
R-64 55.76 0.65 6.30
R-65 53.74 0.41 2.90
R-66 55.26 2.60 3.65
R-67 67.44 2.79 3.30
R-68 66.80 3.80 3.10
R-69 67.82 2.50 5.08
R-70 49.48 1.58 3.20
R-119 49.50 1.58 2.09

Based on these data, K,0/Si0, ratios of samples were
calculated and ploted on Figure 23 (Chap. 7).

BHS Bold,

°lF KUK Norm #iiy s ke Strekeisen <]
SRS EHE Fig 4 91 o) Q 9 K-F o] Ko
RiG3:2 AE2A Bikte] srpess &7t &
#o] EolAE e Roled o= wtzmbor kot Bl
el Aoz Epieo

Table 4. Composition of volcanic rocks among zones

A _‘,‘i_ . .

e J | Si0, [ TiO, [ ALO; | FeO* Ca0 | MgO | Alkali | Symbol
Sagmor 9456 11-13 173-183) 93-106 8093 61102 2948 -
) ALk AL oF 549-554  15-18 19.6-208 6162 1944 1218 79-83 &
F AL QAL Ok 5 44.8-61.5  005-12 184266 2595 :42-201] 0.6.51 0688 @
TERY GG 63.9-782 0.08-0.25 129-17.8)  08-55 0391 0.1-05 4375 O
*total FeO

“AED 197609 FALAAA A g
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PI

-« Hagbong basalt ;
¢ Chaeyagsan andesite /
e Jusasan andesite ! /
© Unmoonsa acidic : i
volcanics

Fd

Fig.4 Nornative Q-KT-P Idiagram of streckeisen’s classific
ation of Gyongsang volcanic rocks

Fig. 5 mtavhe] e RIAEE 2oFc
a2 o2 BEXRES A RGER] 714 Aol AL
AE7 A% Az, e BFULILEES] A Boe

K F

Fig.5 AKF diagram comparing with the world averages of
igneous rocks from the data of Nockolds(1954) (after
Lee 1677). Gb:Gabbro. Di: Diorite. To: Tonalite,
Gd: Granodiorite, Ad:adamellite, Gr:Granite

Table 5. Compositional correlation of granitic rocks among

zZones
AL Nay0+
SiO, ALO; | FeO* X0
o4 ¥
Fojrol E - 1.1-175 1.9-56| 63-8.9
by 65.1=72.1] 11.1-17. 9-56 6.3-8.
A
;%Zo_l% 66.3-74.8) 13.6-18.1 0.6-6.4 32-9.1
A 37
i}z}%l% 67.1-72.8 149-15.7 1.4-31] 7.8-8.8
AAMerEl 707-762] 13.3-16.8] 1142 63-8.4

Fig.6 AKF diahram granitic rocks in Gyongsang proper basin
left side: Perthite granite, middle :Bulgugsa granite. right side: Acidic dikes, o: Tertiary
granites. The boundaries of dashed line are the same as those of Figure 5.
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B ol AULE A w4Se =3 o
T BRAS BRI KR RRe 2 kB
BB AL 08¢ BeFa gt

REET U BURAE  EHESEY LBERS o
& (1980), e od (1980) 2 -4 (1976) 9] SHifE
5 FHst SRSENE KEN LBRGS EY
st whg Table 5 9 7},

Table 5 )4 2i= uhel o] Si0, & w3 {rAdp
GOl BRESMANE A HIE AR 4GS vy
Wt sojto] BBl UFE vl AL S0, Fake
MY BEIREEE 02 Z5E S0, §go] =1
< ¥4 YTk

Fig. 6 9] AKF diagram & Asjunl, % BRSE}
AQES T Autdor Zomz Al
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o Masanites
¢ Bulgugsa granites

© Acidic dikes
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or
Fig.7 Normative Q-Ab-Or (the sum is 80% or more) diagram
of granitic rocks in Gyongsang proper basin.

® Hagbong basal+sy

& Chaeyagsan andegsites
® Jusafsan andesiies

O Jeju islarnd volcanics

o Ulreug island volcanics

54 58 62 65 70

SiO: wt%

4 Pohang volcanics

A& A Iki island volcanics

® Oki island volcanics
X Chugaryong orsa basalt

Fig.8 Plots of Gyongsang and related volcanic rocks on the alkalies versus silica diagram (after Kuno, 1966)
A:Alkali olivine basalt, HA:High alumina basalt, T:Tholeiitic basalt
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FMEt B8 & B £

=3 Folto EERERE Brte EBREREFCNA
K9 gfo| wol thf%Fo] SRy L S FHT
% e,

A EHEES BAKME Q-Ab-Or diagram (Fig. 7)
of wlFel ua, Aoz ¥ oo EfEEEIT I
A w2 BHE ez, BRSFEEEEE R
B, BAREEE 71 Rol 05Kb 25 noF
=

3.2 kAR 22 (LB BE

& #pEe KA vhzeh RAlE Avno] 83
Kuno(1966) ¢] (NaO+K0)—SiO; diagram o] 1R
3t} A# 1] Fig. 8 3 o] vehde)

TR AT BEURZIEEE alkali basalt series?]
f5ES mold KMURIERYE U7 XRERT
4] E¥ tholeiitic basalt series 7}#] 2] A+ 7+
& HoErh

Bitzbigstel S AWy 5= AlFE ¥
AT ik A EEEKILEREE 25 99

ARRERAE Vehde 4, 239 g3 kil
EHS BAY ki 9 Oki Ao kKIEEHE dAFE &
& 2o i %7 (high alumina basalt) o] <3fs —
# Gt XRERFIE vebdeh, Fig 94 2& 6t
9} zro] A EEl SiO.ge] 3t AlOs—alkalies diag-
ram & 72 o2 vebdet,

3.1 A ofu] 73S Fig. 5 ¢ AKF [Hel 4] o] & K
e 2%y BARY ki dudx AlOs7t 2o
22 CKEEMBHEAS ksl dAE olFiReE
ey £+

Fig. 109] AFM diagram J A 5= & 1% kT
AA G 7L RFI(CA) S Haxz glor, =8 k
B EEEET 2L ERE Bolv AL ol&Y
wtzabr) ml—igdEelH, AR ERl vlxq 2 B
Toll Al o] FolA mtzwtE & 4 vk o] 2 g Kk
KoyEme] F5-3 RE & EEEESY FtEe=
e o

ek ERERmAC] 4fste KRAEET KER
B 22 ol A KEEESt mE B el A
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T wX 0 e
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\
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Fig.9 Plots of Gyongsang volcanic rocks and related rocks on Al,0; versus alkalies (proposed by Kuno, 1966)
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AFM diagram in Gyongsang igneous rocks and related volcanic rocks
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Table 6. K-Ar ages of basaltic-andesitic rocks between Busan

and Daegu
0
Tno | K MG war | e
119 1.28) 249 72 61.7+3.1
65 0.34] 2.597 22 64.24-3.2
62 2100  2.648 58 65.4+3.3
34 1.33 2.661 75 65.8+3.3
33 1.48] 2334 59 57.84+29
31 0.064| 3.139 6 77.3+3.8
27 0.48  3.024 26 74.5+3.7
313 0.84 3.224 53 79.4+4.0

Samples are arranged in the order from Busan (coast) toward
Daegu (inland). Note a general increase in age from coast
(sample 119) to continental interior (sample 313).
Rock names: )

119: Porphyritic augite basalt

33: Hornblende andesite

65: Hornblende andeste

31: Hornblende andesite

62: Porphyritic biotite andesite

27: Porphyritic propyritized andesite

34: Porphyritic augite basalt

313: Olivine basalt

K-Ar age determinations were done at Pisa university by
Prof. Ferrara and hi® co-workers.

% BBe] HEAS Table. 60 #Re uhel 22w
8fES] BUkHh 37t Lol WA= giliggol o},
& BB FRE Fig. 1o]A 2E ubsh o] KEfel
A BEEEEAAE 79.4my.o) A 658 my. 2 HERK
of 333t} BKEE FZolA FEHE 654 my.ofA
61.7my.2 et MERKRAA HERTE Fo3

B, SEE, FEEE,

AR, KRB
I
{
_80-- - .
g IRy
g e
< I
2 7o0; e
. - o -7 .
g L
& 60~
U i L]
X !
r
B0 e e e e
t A ) ) 1
Busan ‘Yangsan Milyang Cheongdo Daegu
ST E——————

Fig.11 Increase in K-Ar age of andesitic aodes from Busan

(coast) toward Daegu (inland)

2eoErh, b ohf e} ol E & Fig. oA 9} 2

wlo

ol Zl@R) ez LY KRR Foz 3t R

Freb BkiAbol o] MBI A2 & S Fo g o] Hojn
q WAZ AR Fito BRENRIT FolA L Bd
Frh. AR HHEE mEeA 3 ke 57.8 my.2
veh ot o g Fded o Ho diAe doz
& BEE Rk BRERsE Wt Fdater &
Aole},

ERWA

KBIEES BB : BETEMAY KILEEY K-Ar
FRIF Fle 2 5E KEHEOE FFate] A3 FHol
At FES o) BEEE HEeld @ity £ o, o
AP Ao KiliiEEho] ApEM A 79 m.y.Fio] o
oo vt WEE o 2 BE st Jg ol A& 61 my. §i
of EEpo] TS RRETL. o] S BN BN

Table 7. Radiometric ages of grantic rocks between Busan and Daegu

?;ggﬂfcgo Locality Rock name ( r‘g_g;) Method Author
J-26 Songjeong-ri Hb-Bi Adamellite 58 | K-Ar Biotite Y.J.Lee(1980)
J-32 NW Dongrae Hb-br-Bi Adamellite 63 | K-Arwr. ”
J-36 SE Yangsan Cum-br-Bi Adamellite 85 | K-Arw.r. "
Y-39 S Eongyang Bi Adamellite 63 | K-Ars.m. n
Y-1 SW Yangsan Leuco Granite 71 | K~Feldspar 0.J.Kim(1971)
J-35 N Yeoungsan Hb-br-Bi Adamellite 71 | K-Ar w.r. ”

- Y-27 NW Eongyang | Bi Adamellite 74 | K-Ar Biotite "
Yu Yucheon 75 | Rb-Sr w.r. M.S.Jin(1980)
62(P-1) W Palgengsan | Bi Granite 73 | K-Ar feldspar | 0.J.Kim(1971)
J-2 E Palgorgsan Hbt-Bi-Adameilite 82 | Biotite Y.J.Lee(1980)

‘Graritic rceks in this table were chosen so as to compare with adjoining basaltic-andesitic rocks (in Table) in age
irelations, Abbreviations; Hb: Hornblende, Bi: Biotite, br:bearing, Cum: Cummingtonite, w.r.: whole roack, s.m.: Salic

unineral.
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Table 8. Age comparison of volcanic rocks and adjoining or related plutionic rocks between Busan and Daegu

Sample no Age(m.y.) Rock type Locality
Volcanic 119 61.7 Por. Au Basalt Songjeong-ri
Plutonic J-26 58 Hb-Bi Adam. Songieong-ri
65/62 64.2/65.4 Hb And/Hb And Kijang
g-32/1A-36 63/85 Hb-br-Bi Adam/ NW Dongrae/
Cum-br-Bi Adam SE Yangsan
Y-39/Y-1 63/71 Bi Adam/Leuco Gimhae/Yangsan
Granite
34/33 658/578 Por Au Basalt/Hb And E Milyang
Y-27 74 Bi Adam NW Eongyang
31 77.3 Hb And _ Cheongdo
Yu 75 Bi~-Hb Granite N.Yucheon
27 78.5 Por-Prop And Cheongdo
_313 194 Ol Basalt N.Dacgu
62/1-2 73/82 Bi Granite/ W _Palgongsan/
Hb-Bi Adam E.Palgongan

Sample numbers were adopted from original sources (Table 7)

—: stands for no data availabe, Adam: Adamellite, And: Andesite.

LAY KILESHS A4 o2 FAd dojnuk A
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A3 Aol = o)E F 5% K-Ar 447} @iEs
KUCEESH Bz =t BbiE EHSq) 93 AL =
B THSETE. o] 5L Table 7o) FIET u}9} 7o)
K-Ar 4£fpe) 58 my.ol MEEY APIEBER otk
At B (i, 19800 % Bsstd ZBREES 63
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Fig.12 Age comparison of volcanic rocks and adjoining or
related plutonic rocks between Busan and Daegu
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5. g ER T S(ER

Metallogeny & {ifEie] 98 myrsledls &
{e##2] FHEKe] convergent plate boundary o BIgz] o]
17k ok divergent plate boundary of o] 2ol
=7HE BAHA EERE £ At fiEY fEAs
Benioff zone of] Bst KRS0l AliFE ol A 1
= BEESRSR (B : Sillitoe, 1972) == Kuroko(#] : La-
mbert and Sato, 1974) & & 4= glon ¥EKILE R
il A BRAL= SSBHEYOI Y (B : Dymond et
al., 1973), KEERHR rift structure o] o} REHE= =
Z9] FIABIR (B : Kutina, 1972) & #4%2] fo] o},

5.1. g({bHe] BRI

Sehete] GREA G A% L7 Kevin
(1960) o} 93] ZEE= Ao) gz =¥ Kim, 0J. (19
el o& 2] gRES ARl B3k Eool B
EE Qo] WEMRANNAE ko] AR B : 1966,
1974, 1977) =34 9] FRHMEE 1FRIE 2 o4
RPEL 2L ARFALE oA & A 2o

& RS Fo MO ZIL—KEES EAEE
Wl Aol v]Fo] £A o F7bol W kind g
b R ERRARS B K (1968) & BBy}
o Fig. 133} & HHhEE R

o] pAilEE KBRS WAESBERTS Bgoz
Yool ghie] FRE BRI B ZAE o) S
FEAZ o PR AR BES ESIAE &g
of #iffe 4] Ve RE ke g
2wk gord Kim, 0.5.(1971)e] S8t HEfask o
7 FEZRS PO S (R B mE
ERTL, K)ol =2 = RS S (&3, 24D
7} ol F Atole] egEsle] o= f, EEEVESL W
Fr et EfEE O tFor AAsz ok Kk H4E
A E o] i ERE ot ki & g
a2 EFeoz wWxu, RauAPs RO K
RUEE FF Ao R st ohest e WG
o S weEEA sl o (Fig. 13).

A: Fe-Cu %

B: Cu-Pb-Zn #¥

C: W-Mo #%

Z8 3 RILETE <& #fl block o] #EE B
BHE W3 (Sillitoe, 1978)0] B Aolo] =
KW % Shb#re] BERGRE 2Had. K0
—XESRY #KEE Eid wiel 7ol 3 Samn il
T e, PR TRV ARERES HEEd o
WS A @, BEHE RFEAZD & 92 Aot
(Fig. 14).
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Fig.13 Distribution map of metallic ore deposits in southeastern Gyongsang basin
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Fig.14 Metallogenic zoning of southeastern Korea, compiled based on the metallogenic map by KIGAM (1974)
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Table 9. 6 S values of sufide minerals from metallic ore
deposits between Busan and Daegu

] 0%4S (%o
Mine Mineral as of CDT Type of Deposit
standard)

Dalseong | Chalcopyrite +35.0| Breccia pipe

Cheongdo| Sphalerite +4.8] Vein

Kukjeon | Sphalerite +7.5| Skarn
Chalcopyrite +6.5

Milyang | Pyrite +4.3
Sphalerite +4.2| Quartz vein
Chalopyrite +4.4

Mulgum | Pyrite +13.3| Skarn
Chalcopyrite +94

llkwong | Chalcopyrite +0.0| Breccia pipe
Pyrrhotite —0.9

Yongho | Pyrite ) +0.0| Fissure filling
Chalcopyrite +2.0

Dongjeom| Pyrite +46 Porphyry copper

Analyses were done at Nagoya University, Japan by K. H.

Kim
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Fetel EE, R¥E, A, BE, %4, BE, <3,
IS 8fH ghiloln HEREFH BEFALTERY 4
Prol WEERW A WEA, EHE, BHE 4 B
maEEI o HES YR kst W Eshy
224 Bl oY FHiel o] FeiRx ZH
=

ZHiE 048 {H+ Table 9 9} Fig. 156]4 B upgt
%01 YL 7S GEEE +13.3%, EHE +9.4%0)

5 BAbet oA 2 —0.9%01 A + 7% ol 2E v wA
F& ®EE e

222 AN GhKel SlolAe] MRS iAol
GUS 0] WAL G He(+59%) S Bitste
B 33 (+20%), FA (+2.0%), FhE(+0.1%)% =
+ FA vebdo (Fig. 15),

WR BT RS MBS A8 R A
o BTE dAZ o GERY ST B HE
& chast el f, —Fflel 34 We @Ee
O*SHE Hol: SRS HEREEE (B : Jensen, 1959,
1967) o2 Bk BE KiFdE KRR 73
TE M EA B2 0MSEE Hol: o] UEst whd
(81 : Fig. 16 9] Mogul), wtzubigifio] obd Fdkol A
= vlad F HEe 6%S (& (4 : Fig. 162] Kuroko)
E vebd v Bl 9182 8BSt g Fig. 16 o
A Bz wpsh zle]l BYEAMOIAS Biftdane] o4S
9] #BHEIE~} Providencia 1} Black Hills o} e ik

Pyrite %
. a Sphalerite e
Dalsung mine Chalcopyrite 4
Pyrrohotite
Cheongdo
L]
Kukjeon s
®
X
Milvang &
.
X
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Tlkwang
a
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a
x
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L P S SR
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Fig.15 6% S values of sulfide minerals from metallic ore
deposits between Busan and Daegu.
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Fig 16.

Busan and Daegu, in comparison with other metallic deposits (Rye and Ohmoto, 1974).

Range of 6% S values of sulfides from metallic ore deposits(endogenic) from Gyongsang basin between

B Sulfides;

Sulfates; -—— Late stage. 1 refers to ore deposits in Gyongsang basin.

BLEIR S ﬁ@jﬁ@g gl & des ¢+ U+

zv —8 SR WS, A% NA vz e 3e
BolE AL 7}8 Ohomoto(1972) 7} #5453k nhel 2
o] oMS fE:= PIRKWMERES HEILEN KM, s

PH, fO,%¢] AL dA3 S dvte FHE
of H]Fo] o]Fd] AAME Bxe FHo F3IE F
RE Aolth. wEbA ol & BHEAMASY HgEEK
KA RERR—E=R0S KBS 24 A45

Aok E 5 3

6. BERCE AEY HHEE R

6.1. EEFE BRI ERFEC £iE

HHIBR HEE I3 HEARES B 8Hs K
BRI Mol ok (Fig. 1), HMFlAE @il
WES Wi, BMNES B, E8Fd heAdaq,
KEppdiel e BEKIEARS ZRE, ®RIVEE
ZIEANA ERAES BEIEh  HRBoege 3
g B MBS REER Table 100] ZRi#RE Q)

BIE BEART EXCEE SE S Sotd By
ol BbA =0t vlaA e F3d HARKGS F
A BERANES 93 B (ERK 2.45cm, Fo) 245

em 9] HEHEZY)S w=id HFRGAY HHER
BEE A% Hae BBk s SRR (por-
table drilling machine) S fFFste] BppfbolA] BEHE: =
o] (core) & L3 ks Solsl AL FIEsH A
T3 2719 EHRARE BikdA REete AR
R 201 E wt=r 2714 Fikol gk & WR
A= F8x AW, Effolx= (Collinson, et al,
1967), ¥vl zel= AL RS SRR KRS
< Aok EARE RIS ERREY sEmRE  of
ol zronl EEREELS #HE A HEHLEY wE
B SmBE=EY HEE PiMskl mEEstach

b BER ERRE BBungd A  FE Bk
BE 49 o8, A48 B gEdd sd
3 BES BLE 3R 3 HAS FE —KBR
(primary magnetization) & 7H_ EES BEEig oH
H7E LolBt e FEE, #iE &3 2 GRS
FUR S =,

h HEUERC] 3 Hik
oo S WEA RS
E QANES At 53] kil
4 wirt ot o) Fe] 2 i

7+ Bifg4se] <& tilting
ArE A olo) 9k iz
EAAE HE0T A4
BE 71 &9k
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Table 10. Paleomagnetic result of Cretaceous rocks from Kyongsang basin in Korea
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: Sampling Location
Speﬁgnen Rock N Age
’ Lat, (°N) Long.(°E)
M-2 Hasandong Fm. (Sandstone) 35.17 128.03 20 Cretaceous
M-3 Jinju Fm. (Sandstone) 35.16 128.10 7+24 | Cretaceous
M-4 Chilgok Fm. (Red Shale) 35.17 128.16 27 Cretaceous
M-5 Hagbong Member(Basalt) 35.89 129.03 6 79+4 m.y
M-7 Yuchon Group (Andesite) 35.72 128.74 22 Cretaceous
Level of NRM K VGP g q eN)
o5 p m p
Demag. Dec. Inc. Lat.(°N) |Long. (°E)
300 Oe 18.8 58.8 7.5 19.8 74.5 196.1 8.3 11.2 39.6
150°C, 300 Ce 53.1 60.1 7.5 129 48.4 193.2 - 8.6 11.4 41.0
200 Oe 27.8 58.7 1.9 210.8 67.5 198.8 2.1 2.8 47.6
300 Oe 6.6 66.3 5.1 142.8 76.3 147.3 8.4 8.4 48.8
200 Ce 20.8 577 19.4 35 73.2 203.6 20.9 28.5 384

N: Total number of specimens used to calculate the mean
ags: 95% Confidence angle about the mean direction

K: Fisher’s precision parameter

dp, dm, : Semi-axes of ovals of 95% confidence

P: Paleo-latitude

() —f o2 HARK R HakEd A #
2329 o7 Arle Aoz EA gle] (Irving,
1964), HE& B2 HERHE RG] RERELE
(collection error) & Z ot & ZeWfol e & HBv}
o AL ES] BAERRE BRet ok

() EHETE (bedding correction)2 )3 BRECSH
Bl A Qo HES EET ERE WEsd
W RS 2AS ERE ved A o e
A g, KIES AdE #EEstY) Eig
B BEES AR Zeto BEEIFC] Ragest
.

;o 2=

(h) 15X7X7cm 272 WS LAERAHE god
e EARES FoaE A8 RS Qo] (b
7 (chemical clay) ¢} Ez}o] = (tripod : B ool A &
FREE BRRT o AT A S22 EEY Ao
ofoF 8}). ZEm KEERE FIHSY BREH %=
RECl Y HHe Bad Hol KFo] HEE (frF
AA A 58 BHE Al Lo BIEAS B
TEA 7] T,

h) AE B2t FRA Wolwe] 254em &
e RS A A HE BEE A 3~vARSY =

E wEel Wtk —#% 999 HEA Zel & s
of ¥ # solEEe] 47l Fpy FHEAL BRE
- A9Ew o] EiFe] BERES Hirl HES 7

AEA L] ARE wauA Ry 2dlF feETRs
Fstel 2ol g o 254cm A% MEez Fehy
STh M OEREE 107 Y & B A9 EREE
Table 10¢] 0%k = o)

(B —#Eio2 15XTXTem 279 EHEREHER
ol A FH 2.54cm EE, 2.54cm Eo]9) EREE o
Tl WA= deldld 23 Hagrd BHo
B s 5 3~5°9 #Er) gAESE Ao g
slexl (Irving, 1964) 4 Bl A= o] & Bk =
o] =& 4577819 T},

6.2. HBES (Demagnetization)

HEO Ztw gt ARBEBE RohdE £H
BRE A AL KBRS £RD LB AES
WA o] o]2% B oA HEE LER B
q3e] AR ZREET . AR —kBERS
< BEH 2 BESY, TARERSS HEdz R
LIS, e v BRI O 9§ (LB BEIRERO]
< Had ZEL TRERS e A0 Ags ©
o HHER TR T —ki REd  BERRS
BEE 30] o]l BBERS ot Tkl RS
BEAD o2 A WRESTE WEERY Fidl By
BB LRMBERERY S7A51 e & W
FAAE o] FrHH HES BF FAEIQon, =3
REERFAH (pilot specimen) & MET W= = Hu:
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o WREBIA ehd SR I BB Rl
< RESH = ol ol g ot

(VD) BILFSE : 300 Oed] ZEiiRiSIIERL

() BME : 300 Oed) ZHipiEiam (QME ER)

9} 150°C o] 2R (798 EER)

() BBE : WRERC LEYS

(1) R - 300 Oe o] ISR

(")) ®JIE# : 200 Oe 9 ZWRLBIRS

63. BREE AT HItER

HAMIES AT  BEKEY HFa3 BE AE
+ Astatic magnetometer $} Spinner magnetometer<] %
7HA EARER ERE 2 Qe & HoE A& Spi-
nner magnetometer £ 3l o v EBE-S £H Tele-
dyne BtH SSM-1A #lo g FAA& AR WEHY
B PSS fiFslgl v}, Spinner magnetometer=
Astatic magnetometer o] ®]3] W3}z, R} FRest
A WEF + A& P9 ohlel, ERRARS EgA 7
o224 BERFARIT e TEM 93 gEe 29
7t Aok & Bgeel {88 Spinner magnetometeri=
ElgEhel EAS S FELd B E BEREY K
FE WEL T Y& BREA 1EY) ERRNS @
el ¥ 33+ (EE BEAA FESHE 3-spin me-
thod & AR zelyt moh BED HES 94
A& 6-spin method 7} FExRks o] 1t} Astatic magnet-

Fig 17. Site-mean djrec'tion of the NRM from Cretaceous
rocks listed in Table 10.
Symbols: M2; Hasandong formation
M3; Jinju formtaion
M4; Chilgog formation
M5; Hagbong volcanic member
M7; Yuchon group

ometer $ =HA7A 2 BlESH = EREARY BE
B 1X10-7 emu cm-3x. ¢} F& == JEo] WS &
EQon webA g BRe LEE Sk

R data off B GEER : & ERARAA WE
H A RELEZRH o &9 FFEAMDm)F} ZF
HRAAm) S K3hd, ol BARK BB A 9
BERFES FHHEe] Aot ofF FHEe kI
WistEE = Fisher o #iaH 47 (Fisher, 1953) i< Fi.
Adtdon 2 RS Table 104 TRz, =3
Fig. 17¢] @E/ReFA T ohee= & HodA fEs
KR B9 oh= AF7tA Selvet BRd B L
ES BEMR HES ZF BRY Ao] Fig 180t}

64. HHPEE WX

o A1 : FHRAY FHREALEZEE B ME
€ 742 RAAS z FREE Fig. 199 2ot ol &L
EQE 3o HERRC] BE BPEIAY B BE
(pole path) & Ei7<gl A o] Fig. 200]t}, Fig. 20¢] = H
#o) A PEE BHAFEAAS &) BEHE ERS
o},

BEBRY FHEAS & BAARY RIvtEs
ERebd Fig. 215} o] ol23¥ FigfFAe] Bt
F BRES Rl 8 il me) REHes
A Ege e RIERE 2R 4 ARER 9
£ 18.5°E, M-72 20.8°E, 10 21.4°Eo|t},

B B ER BRENAY EEET KRR A
WESL W] (2E S} BPE A9 BAFIE EHA
oln] R @i MEE HFASHEA B BET fiz

~ 4 ; Post-Cretaceous VGp
® ; Cret ous VGP

Fig 18. Site-mean direction of NRM from post-Cretaceous
and Cretaceous rocks in Korea reported up to
date.
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Fig.19 Post-Cretaceous and Cretaceous VGP in Korea
reported up to date

Bl =& FHFEAY LS Rz o] & HE MK
FERT ol o} 2o,

Ch BRERM ERAAY B MBS ®es Q
2 BER BSR4 RS B B 3 —%a
vk

() BRELHS FTilE SlfFe s 2y ki
@l ®INERE) 0|27 A9 £49 BIMES F
FE A —E3ITh, olE HMER Tk BriXa)
WREER o2 vad RED REE HHiglo] 9
o Aoz Mmprdch

() BAFEEHE G963 BPE 499 HER 2
BN EE HE B MBS kPR KB mE
2R FHAER EG HY 28 (71°N, 180°ES} 90°N,

180°E) Hififiel] &% frEah o} Aoz uz

o} 9 $EvEs fEAoh kil <8 leowa
BER ol lENe: RERES S St
aEd

ChH el Ao g 28 BET HAFIEo]
Ao BEHE A2 HRS BKE Row gled o

€ $euets BASIE S BN BRoR M

| ok (5 7 % Fig. 23, Fig. 24 2)

(") WEe) WM JemhRe Ao
7hRA Ve BEREY FHRGES BN
HERNR =2 @l (e BERRK Bt %
B BR BAY R AEFos b4 HelA
T YES BT 5 vk

Fig.20 The polar wandering path obtained by using all
the paleomagnetic results in Korea, Kitakami and
southwest Japan (modified after Sasajima, 1980)

7. KECEEHTH WEERS| RISERY BT

7.1. WEEE

EmZuol M5y sl ol HER mEEEe
KIEE QA St 9 ik BRI &
At B SR A 2 FEAR o2 HuRold. &
EHE(1974)2 §iEE B2 (proper basin) 9} S
@ EHRP T, HES WK EhRREe
(Kyongsang trough in Okchon zone) ). g =
T SEREANVO)> HEE TGN IE—FFEEmD
FEA HJHS, AF 09T BHEAHME WNW
TirE Hole B AAILBRS BRE 3o 9 %
BEHS} B RIIZWE 5 o gk 2z o
1A e BREN, BEANSt KRR ESss A
ol ¥ FEMoltE B iEiHEste =4 @

& WY MRS B4 ST vl e gl
o] Bete] 2 el NE . S BEss &
< smel Beke g

BB : A& gl YoM A3 T8 wESES
NNE-SSW £ W Sl: BifFsel Zigolvh
HAE A2 FITEFIE ¥ ol Nz Begsls B
by glet o fh A Q] Aol BRI Tl
A R, ZB, BNE AR Io EEA HRE o
Ae RILEEY RmHENA Bile] o) 28 NNW ¢ #
HEEel #71E FOREIEC S BILEES =9 ¥E
block o] SW 2 # 30km BE#T #ABBEIE =tz
BAE Stx, BIUEEA FHREB ALl 9] block o] #

olER
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Fig. 21 Directions of NRM for Post-Cretaceous and Cretaceous rocks from Korea reported up to date.
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EI ERGE 1000m PE) & Aoz #usEA, ®
#7782 hinge fault 2 ©] block 9 Jbifis kFHE3l2 H
e kS Aoz Azd,

EF K el & WNW Fae ifgol $-Astcts =
wehe AFEE Yz = Kk HEES LidAs
o] Jimel Bifgel #RE viE gtk FolA AR/
olFtz ¥ A o] S BiEel ez drlx oo
BN FREOIA BEL] ol2&  BiEE mbilkilesE}
SIS T (IS BEAHe] warping o] 98}
BEES 47 #rEo J9E o9 A FEFF HF
& vz vk Lisel e 2ox |43 mEks
= FE Q9 A 72

Landsat E2{&2] 470l (k3 ML - Landsat =
B BINS FEEFA979) k3 ERAHRA
7t dAS HEER (lincament) 8] FHEL N 10~
30°E, N50~60°E 9}N80~90°W o] &}z, o, AATF
(1979) = BHRZHAN] WNW-ESE ¢} NNE 4] NE
Jiae] SRl Ao B st gtk

&L Fo] 5T N10~30°Es} N8O~90°W s}
A Tol $5H3 NNE == NE 9} WNW FHiie #
HERE 40 RUEES fxEiges REdE ¥
T SR RBILKILES] SR —Fstn
e Aoz ¥t

HWESES RBER #E:& WO mEEEs
SRS HAEENC 2 BITEl] sk 7104 B
B HAES 3K groups 2 £ AYY 258 o8-
I EEE REE R

(1) NNE JFa# : RILgE, HEEE, N0~
°E(AEH) 3 NERA DS f/FEE Hiy

() WNW g 0 AWK, S, N3O~
90°W (A F) 3 WNW (R A F) S RESE Tl

(=) NEE Jis : 2459 N5O~60°E & fozk3)
= HE

HEBES REEB Bin

() ZEREEe] K : A4 F(1979) e KFEL
Bl oJ3te] MEd NNE Figsh stkstghol kool
o] Fo]x WNW Jjjijo] BFf 4 H1¢] basement structure
ol o] Eo] HIS] BB Rikd Aoletw s
At

(1) Plate tectonism o] &3 #R#T : o] S M S}
IS S plate tectonism o] BELI A EETebd o
&3 Zo] EgyH e},

(1) NNE #4# : Uyeda$t Miyashiro 7} sk vl
S} o] BEAT HhEEQ] 9 90 muy. LUl & A AFIE A}
ERRIEE A REC] BEBrsle] 319l= Kula plate 7} AR o

B RSl A Kula-Pacific ridge 7} o] 5 kREiLEH
o wek sl #BERATE o =9l subduction zone
9 JAe dA 2 NNE Fiolg & Aol ofd =
2 REEREE = B kst gke] ol =,
tension crack o]} fault 7} JBEE® A3 kILUfEHo]
Aol kg Aot} o] #arol = tension o] FEI F&H
< ARAA N KBRS Fi§el compressionE. -
2 9FS S Aoz Bl ulEkA BRAHA
9] NNE Jae] Eifge]r} lineament & 3EJ0l v} B
Frol kst EE ol o] z ¥B§ Kula plate
9] subduction zone o] FHF —FKI}QL Aoz &
ol&l e},

(2) WNW J5a# : Kula plate 7} #E&3te] =2}y
EIAAE BHANE fEAsIE TR o] compression
9 FEe- NNE Hish BHE HEel 2 AHoltk
Subduction zone 9] FE-S N30°~40°E £ ¥ com-
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plate 9] IpRkol whel JEE fEERS REIH 2 ¥
B R B3 Aoz Mg

(3) NEE Fjfg : HEfRKR AAAY9A=A (W 70
m.y.) Kula-Pacific ridge 7} #&EHZE2= ST AR Qo
B JERES B¥go MRS tAfEste BATIES B
Boz BEstA =9z Uyedagt Miyashiro: 35
s g+

o] EEHL [EIEE) (rotoational movement) S 4=
whate] HAR A4 EHEOL wifel Hele ©S mm
oz $AFrhn B} el Kula-Pacific ridge 7}
TSt 5] o]o] wE Pacific plate®] subduction zone
9 Figd Hor EESIA o Exke NNE Hjao]
A NEE froz Az uagle Zoldh o He
A4S Bifee] BlmEy Fad A9 —xddz 2
=}

o} 2hA] BEEZMINS] NEE HAge #19 Pacific
plates] YREHES Hime) —FKste olo] Wk g™
tension crack 0 2 7}FEw o] o] Hikgio) dA
3l 7 Pacific plate o] ¥t Mol oo u
Z BEte] Wojd 2z AFolzts 2l A Me
dian tectonic line & -2 NEE Figs Rkl [
—iBfe ket HE RS Aoz FeEAat 9
A g BAFIES BBl o Q53 A9 EW.
ol 7}7h-& NEE ] HE4 2olA & #Holg=m i

7.2. #hEREMT RiGEEY
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TBET Mg Ha WEERE BT ik 2y &
EEW 94, AAE, 1971; o] 4=k, 1974; Uyeda
and Miyashiro, 1974) o] <3 REEH RS o
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WEREEC| B - & WAL oy & moA 2
st wlke} o)

OD) BEEEaME hLo 23 KBRS Hhte

4.01-
ON L -
@ 3of e
® i <" ®e
> - - ]
@ . g
© 201 . re e
-
% - .
x -
® 1ol L~ .
~"®
T -
2 IS
t t T 1
Busen Yangsan Miyong Checngdo Doeguy
D*v— - k3 7*/“7?5(”&")

Fig.22 Increase in K20/60% SiO, of andesitic rocks
from Busan (coast) toward Daegu (inland).
See Table 3 onp. 19 for analytical data from
which this diagram was constructed. Data
points away from the main trend are mostly
from altered samples.
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Fig.23 Late Mesozoic paleogeography of Korea and Japan.
Note an extention mechanism in back-arc area where
2 marginal sea initiates to open.

By %3] Fig. 2264 RE upe} zro] K,0/Si0,(60% 3
B)e HEAME 38 ARAHoR e Einste
$l2m o]:= Benioff zone 7}%)9) F] s} wmnde
E71 (%1 : Hatherton and Dickinson, 1969).
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Fig.24. Tertiary paleogeography of Korea and J apan. Note
the southeastern migration of proto-Japan caused
by proceeding of back-arc extention. Tertiary
volcanism has also migrated from southeastern mar-

gin of Korea to southwestern Japan.
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Fig.25 A schematic representation of the generalized sequence
of metallogenic zones across Gyongsang basin related
to Late Cretaceous-Early Tertiary igneous activity.

°f Bl A Falkdt whs} o] Ky0/Si0(60%) Mt
WIS Fd EBinste HRe hE= i’@%% 7
7t AbES B3 WBHoE FHETYE A4S 995
Kt SEEe) ¥l EF, oA 2 ?&ﬁﬁf&’%’i
FH ko= Fd 8- WP, o - M 28 x
Haml - Feng g oz FAIHE 9 o
T DB BREES Ho) WFoz M v (Sil
litoe, 1978), f8RLENC) 7Hd £& Wad - Zojnge
7V AR R LA MERkE o] vhavbel g i)
ERA =2, B A de @, B b o
T R A HRE Y] LR 6 Add e Eo)
gt

7.3. otaote] AR BE

BRERMA KBEEE 220049 7o) 4883k
Tl g 2L EES EESE Ao & gy
ER# e 25 Y=o, ,

Ch & B RBUEHS) Ftkrhrete) R,

) KBRS BREES REW BEHG.

(zh) BBEE) EES Ao

KRRl PEntantel &R & W ket
oo BAMEE SIS e T8o] B Hke EE
i WA rpEEXILEEES] Sr 9] F)4:f# (initial ratio), #7Sr
%Sr 51 K/Rb ratio & FJfishs Aotk & kol A
87Sr/%8r, Rb(ppm), Sr(ppm) % K(%)< FizEst 5t
$H= M 10fH24] Table 115 2o},

Table 11.  #Sr/%Sr ratios and Rb, Sr and K contents of

volcanic rocks in Gyongsang basin.

Sample .| 87a, /86 Rb } Sr
No _ |Location| #7Sr/86Sr| (ppm)| ppm) Rb/SriK (%)
313 0.7079| 15.62] 608| 0.026] 1.06
24 [Toward | 0.7078) 15.6] 753 0.021] 0.85
27 {Paegu | 67076 10,63 311.4] 0.034] 0.54
31 0.7074] 6.57| 209.9| 0.031] 0.08
28 0.7067| 62.1| 717.0| 0.087 2.49
34 |Eonyang
Lion 0.7069| 45.57 290.4| 0.157 1.60
61 0.7067| 33.4| 734 0.046 095
62 [Toward | 0.7063 55.2| 635.9] 0.087] 2.20
65 [BUsan | 09075 169] 569.00 0.030 0.65
119 07115, 41.00 522 0.070] 1.58

#Sr/%Sr H.e] 4= Table 11 oA B ups} 7
o] 3k 119%& Bl 2o 0.706~0.707
2A REME 2o Zilfle) %z de e maldh
Faure(1972) o] ¢}38}4 island arc = 5 0.70437 o]
continent & 0.70577 21 A3} Wikl 2 @), BAL
#9) KHEERRE continent o A Y4F Aoz mps
o,

L Table 11 3} o] aflir} —gppyo s =o 2
£ mlzvbe) #Eo] tholeiite Eo]} alkali olivine ba-
salt Hol2te BRI Tdely] 9ot R
AR BER PERARS ElEsts 29k BEECIE )
R Bitel 2 FRol ¢ Aoz A7 o,
BEAA KB HRE o= s R
T FHEHES FigSo A% vehta g,

Rb(ppm)-Sr(ppm) & (Fig. 26)ol A1 K} 313, 24,
65, 61,119, 62 9 28 YA = F—EiRo] =g
AFE 31,27 9 34% Sr 9] o) dulzt pow X
o] A o},

Fig. 26014 #:H5+E= A& Eﬁﬁﬂt?@% AR )
At (TfHolZl e shb) HEEH AR Misasajg



150

/

N\ Pre \ or

BIEHE, ©FH, FHE

ERB, KRS

: Granites
Ergﬁ Precambrian rocks
North Kyvushu Basalt

Oki Dogo Basalt Is

o

Daisen andesite

Misasa Andesite

Misasa Basalt

Deccan

Hawaiian basalt

Oceanic baslat

Peridotites

5o en

pe

® W
e}

J/ Sr ppm

1000

Fig.26 Plots of Rb versus Sr in Gyongsang proper basin (Kurazawa, 1970)

(S8R he) Kl (KA 2l4) % Oki-Dogo
(BlEmE) S dotelxrae 5 EHdd

QutAd oz vhzutie] Rbo A5 ke A o
wel A8k 23 Rb o o] &4®@o] A4 (Rb+
1.478) v}orhERSEE A BRKAY SR A%
o] o}, Bfiae] Rb/Sr HE 0.021~0.1570) 1] o] 5-&
g3t o) 374 2 EArE )

Rb/Sr Group Sample No
0.021~0034 | Toward | 54 343 65 31 27
. . I)aegu > > > s
Eonyandg
0.157 area 34
Toward
0.079~0.087 Busan 119, 62, 28, 61

F Rb9 &S vzt eRx el A s =z K
ERle] KiEE 2ok S 2=ls el A 4k
A7t #Re wtaebsl e ez BeEch o
% Fl— vtzrtel] A &E" Aoz Eobd Kkl
SR} HEEACE Sdve & ¢ 3ok

&ty Fig. 279 K(%)-Rb(ppm)E) A& BEAEH
JEES K/Rb HE 1000 7] 1000 #FEe slor o=
wilz.ule] K/Rbel 2] 3t fractionation trend ¢l MT (main
ttrend)# (Shaw, 1968) 7 M3« 22 $F4< o

K%

H

1o 100
Rb ppm

Fig.27 Plots of K versus Rb in Gyongsang volecanic rocks
MT=main trend (Shaw, 1968)

2, & S8} fractionation 3 B3 BHBIHES
& F ek =3 ulzd 2 K/Rb g Ro|
< ERFoZA Ttz WA LfdE &E

=30

KA olantel ZREE ntantee] BRfk : ol B
e M¥ste vl WESHS Sl REBY BES

]

o o o
tlo N o

N
(]
)

I



BE Pe MEfR D) KEUEB SHLIERC B RkERS BB W 151

LBET Y] AEES ZEle T/ fEe 443
T A

WHELTE FigloAeh om KIWEES} HEE
JE<t BRIt A 2 ehest 2k

Oh A= Bsle RIVEEERS ERss 6
e LBt RINEES (E2 ADIIRILIEER
= TEREES A ¢ dAeh

() R Fol A QIUEEKILE] BA 4

sty o] & EFFMIEKILE] B2 o] 5L el -

TEREEVT BASRASS £ 5 Ak $2 #l2A &
JEEEEE AFE & hhosd & 5 4 g} o
= &8 KIU—8ERIE (volcano-plutonism)  B§{R S
R (EBRG Lo o)FL A=z BEislo] 9
. —fE &9 Fig 100] 4 BEAZMHS KREFE
R 23 g7t E RS shew 9lew Skaergaard
HARS HMe@Rade FRot 9o ol K K =
artzt o= A= WBRYE (VAT T2 BRES
HRCEE) 3 BRIZL ol ol 8-S staAich
Btk XRAE, R, BHALES R/¥S Ro)n
Fig. 109 A TEREEES BRE 949 349
299 o2 fbBpsre] g diagramo] A= 2L B
PRot Meked o,

PlbES F33te) BRI XRIEHS kA
HEoz BEsdA dojton] £49 A Wil
A A MRS Ol A RS AR
BESEEE I o2 A3 KILigEBye] Slgdx
°lE & Hufinleh 7o) BHHEE TN ERER
EET HF et

REUEMOL EEE 200! BIE : o] RIEE Tuttle s
Bowen (1958)¢] 2]3} & Ab-Or-Quartz =fEd 9
S| A #EREE ek 2R (1976), o] 9% (1980) R ] o
(1980)) 7EREERS > EfHo] 9| A Ab+Or+Qz>
8091 Agte ® RS Fig. 7o oJshwl o5t o
vtzuke] EEZ OIS BRE 4 Yk

oL

S (50) 5;1&(%%5;%% T
TEﬁ%*glmggg’ﬁﬁ% 10-0.5) 33—-1.6 | <17.3
?E%v(‘é% é?&%ﬁﬁﬁﬁ&% 4.5—0.5/14.8—1.6] <9.2

(ﬁumg B 132-05105-1.6) <60

ol Al Bl o Zho|ote} fEREE vhzule] R
AolE ¥ 1Tkmo A 6km 2 BAFES & 4 9ok,

L6km Zole] #42 iA BR SRS
BEEE EAREO| o},

. & 8

Aol A HED PEERS Hoctd OS5} 22 &
e 4Rk

D Bt 5% HRFEREES granite
5% adamellite o]}, ©]E2] Norm Zte] 93 Q-Ab-
Or Bl A & = LTS A2 EE 6km, BEH 0.5
~3.3 kb, BT A& 17km, 0.5~10kb, ZA-L
9.6km, 0.5~4.5kb 24 Hi 2 EIHZo 2 [t [
LERE 7L ®inslE fHEe] Yok

(b BEREM Hfshe KIUEEE IS B
o} TREFEFE X535 SR = ji%,
RERRFEl = g7t @2 Hrske Qo LIl
FT9 XS tholeiitic basalt o, KEFHIES] R-&
alkali basalt of - 8] g3}z 22 BEHE o] alkali
fe) o}, _

() oI5 KUPEEES 7Sr/%esre] ke JA =
0.706~0.707 24 KPettiEiiol & Jeulz, Rb/Sr gt
< ZBIMES Aol 0.079~0.157, KEMHEEY Ao
0.021~0.034 24 [Al— wlzupiifio 2 Ea) HHLigR
o QA HERS KERE HH0) Hidl, B
2] Fifflel 3k 1e-& vehinh o] & KIS
K0/8i02(60%) ] -2 ZIUMHEIAE 1.0 R4, %
BHEEl A = < 2.0, 28 2 KESHECl Al E oF 3.0 iy
NE e 22 BREIA RESc s el
BINFAE GG 2dF3 9)Ed, o] Benioff zone
AR FAZ RS mete #{AsE AL ou g

(1) KRS K-Ar ERIE $RE KR
A 794 my., BHEHSEEANA 65.8 my. ZILKHTA
61.7my.2 vebdo 24 IR Pkl Aol
KILEB O] H=Aewl & ooz BBHNSS 722
B B BAREY K-Ar £RE KEHBEA 73
m.y. ZIUIITAA 71 my. LA 58 my.2 1}
BREA KRR T RIS % 6 my., d
il e F4my Aoy B HERd 3
A9 RERK—E=iame] o gdpe K¥TEBS] |
AR =S BES & iR ¥ BREERRY b
o ZA7t ] back-arc #iol A9 IR0 AR
GE AL ®Rste Aol

(D & ol 5% WELBIRES 259 Fig
FFZTTRAVIEA ¥ 24 Fo fEe o%S Ee B9
22A o]Fo] A kKEFS BEme A2
8 T 22 ol F BKRES vad Ty



152 BABRHE, ©FME, FHE, Fh®, K%M

RS E Rolv WiMs Y8 Aoz 3}
8B - PRI, 88 - SRTHEREREN 2 Wawl - Beln
USR] Rz =] @EERR = B
el dAd ek LMo o ohg-e RIIRES} B
#e FET UAvl=4 2o HES wHEA ok

() BEMEHE Gad BPLE A9 AER 2 &
ERCERANA T3 HRR B (rE e Sk Rkl
Al T BER € HER BRAA 73 ®) @ T1°
N 180°E &} 90°N, 180°E) %-Zof 72 ({riEgic},
ol2A et fEA ol Kol &3 QlomA B
EfT ol MAENSE LENBE 5 $dx B
A o

(Gh) vt A el Rl me) ERSS B
FHIENA S BB A2 HRT KBS Rolx g
<H ole $EAYe BAFIESGS] HEBSHoE &
HrEle] e

(D) BB WEMAA JtEHRSY AEZom
HA Ve BEREY TERAY  SMughe
BEE R o2 @ (IE0) BEIREKS B %
KT BR EEY £ ABRZ oz s HoAx
AEE F|HE 5

Ch BEZt] BEdE BRS 84 wEEE
S} Landsat 9] ol <3t lineament & fEAsd
T BREES] 3855 IHC.2 NNE, NWW 2 NEE J[o)
el

() NNE F59) #&= 90 m.y. §ijo] Kula plate~}
KBRS W3 subduction boundary of 3
3t JUBLH tension =& compression o 3 EEE
E @S 2, NWW H1-2 o] wlof vl 35l compression
o] k3 shear fracture 2 =t} NEE FHiae s
= # 70 my. =} Kula-Pacific plates} PN e I
Uksts HAAol AALFL 44 oz BE
A= o] ke Subduction boundary 7} NNE of
A NEE Joz #rdsd old ZfjsiA Mms
tension crack ©. 2 f@§7s o},

LlEol A 7183 REES A& ko] 93 wgsn
By BT THEHMES Ao E I sy, sMmaE W
kel glol A9 HERK—H=RW 23 s
oz st KEEHSE arc-trench system o zxl
< BEE & A Ak F GELBPL BESHm)
FALERES W B HARo] arc w9 R o
3 KBS 2 FF SEEEUA HEHEE BENY Y
olel wet KM trench 7} 22 Foz BES
gor, BRAMAY KREHE BERKANA g
o= BETIY HSRINE RPE RS ol

Fom 2tk Hhkox BEHH AT
a3 1o s 3
SHADFELTF2(1973) 3H3A A = (1:250,000)
AFFAITD) Fate] A7 AFLFY BAYAA Y A
A E, FAAA, v.4,n0. 1, p. 1-10.

AEE, ATFRH0974) BABA) e Fal9
o #3AF, FAAA, v. 7. no. 4, p. 157-174.

AL, A%, d43, E 4EE, YR
(1980) =Y AAAAFZ EAdAFAT, 3
71«4, p. 1-59.

AEFIAEZAH(1968) &3¢ 34, A5, p.363.

WA, o485 (1979 FHzsAA o Fumy)
S AFA G EEo] FYATF, BAAA, v.12,
no. 2, p. 95-104.

el g (1980) whakRe] B3tF—29 P E B
otE Aoz, A3, v. 16, no. 3, p. 135-148.

TR, AAEAI) %2R Fi wBES B
o, FAAA, v.4, no.l, p. 39-43.

2k A1 (1980) BFR RIL—RR RIHBERS 25
8 3R R, T REARE HE: R, 54
pp.

W35z, L. Scharon, J. K. Kinenzle (1966) 8~59} 8~
15 §3AH o) G4 Yoo gkae] o HrFA
7], AAFZZAATFRT, 195, p. 85-106

EAF(1969) &5 AAWFo #Astd, R AR
v. 5, no. 3, p. 167-210.

EXF-(1969) $-2 1}l A9 wokre] HY BT B
3o, AAFEHA, v.5,no. 4, p. 259-267.

9218-(1980) FF o] $EoE Wolr] Ao
A& A A7l dF, QAN Gz Y A=,
56 pp.

2FR1976) AFE FA%F FAsdd A7,
A A7 A, v. 12, p. 217-226

A, FLF, )FRA978) AAEAS FzH4
3 Igneous pluton of A7, A& A, v. 14,
no. 3, p. 79-92.

LEH1980) PR A 47 FAFF B
AT—FRAAG 3 dUAY, SR

1 AuH(1966) A FEo] sHAGF, ALFHA, v. 2,
no. 2, p.1-7.

o] Fut(1972) AAEANY BAALFG Faigg, &
AF245 3 7=EF, p. 195-220.

ol Awr(1974) Wukxd] ATz YX. S|
T2 AA s, AA TR, v. 10, no. 1, p. 25-36



WRE ] RER D] KRBT SErfd B Rk R Wk 153

Ol &F, MERK(1976) TF HALE AY=ZY ¥
A EAEE A4 SFGA g K-Ar 9, 34
A4, v.9,no. 3, p.127-134.
ol &% (1980) A% ¢ ARG AAGFY A3t
A a9, FAAA v. 13, no. 2, p. 69-79.
o] & (1971) /5 AAQnzol ¢4 WAl 9
& A% EA, AAFA, A175, p.12-19.
A F4= (1964—1978)  &F =] A = (1:50,000),
Tol, ¥, A4, A, =2F P, =, #1,
A%, 94, D&, F4, iR, wha, AH, F
4.
B71%(1970) AAREe] oA FREAYS A
A@M, AAEIA, v.6,no.1,p. -12.
715 (1975), ks Fdie B dASA, A4
A, v. 11, no. 1, p. 1-23.
AAEWT) AREA FE ZAAYEA =54 3
ATz, AATFE A v. 13, no. 2, p.76-90.
FEHA97) K-Ar Yo 3 K0 EHAFRE,
AAZA, A175, p. 22-31.
A%, AdAE, AUATATFE,
A4 (1976) FAAGY BIA AHARLFY ¢
“Add 7, FAAA, v.9, no. 2, p. 85-106.
Aoki, K. (1958) Petrology of alkali rocks from Iki
island and Higashi-Matsuura district, Japan (g
o), ki, 24, p. 1-6.

Aoki, K.(1970) Kaersutite-bearing inclusions, Iki
island, Japan, Contr. Mineral and Petrol., v.25,
p. 270-283.

‘Chang, C. C., H. K. Kim and Y. S. Kang (1970) Heat
flow in Korea, Rept. Geop. and Geochem. Expl.,
Geol. Survey of Korea, v. 4, no. 1, p. 30-37.

-Collinson, D. W., K. M. Creer and S. K. Runcorn
(1967) Methods in paleomagnetism, Flsevier Pub.
Co.

Duchesne, J. C. and D. Demaiffe(1978) Trace elements
and anorthosite gneiss, Earth and Planetary Science
Letter, v. 38, p. 249-272.

‘Dymond, J. et al(1973) Origin of metalliferous sediments
from the Pacific ocean, GSA Bull,, v. 84, p. 3355~
3372.

‘Faure, G. (1972) Principles of isotope geology, John
Wiley & Sons, p. 114-117.

‘Fisher, R. A. (1953) Dispersion on M sphere, Proc.
R. Soc. London, A217, p. 295-305.

Fletcher, C. J. N. and C. C. Rundle (1977) Age of

mineralization at Sannae and Illkwang Mines,
Gyongsang basin, ROK, J. Geol. Soc. Korea, v.
13, p. 71-75.

Kang, Pil-Chong (1979), Geological analysis of
Landsat imagery of South Korea @D, J. Geol.
Soc. Korea, v. 15, no.2, p. 109-126.

Kang, Young Ho (1966) Paleomagnetic studies on the
Cenozoic and Mesozoic Rocks in Choseon. Goel.
xnd Geography, No. 1, in Sci. Inform. of Rep.
Korea, vol. 3, no. 6, p. 17-21.

Kuno. H. (1966) Lateral variation of basaltic magma
type across continental margin & island arcs,
Bull. Volcanol., Ser. 2, v. 29, p. 195-222.

Geol. Survey Korea (1966, 1977) Metallogenic map of
Korea (1:1,000,000), Unpub.

Geol. Survey Korea(1974) Metallogenic map of Korea
(1:2,500,000) Unpub.

Harumoto, Atsuo (1970) Volcanic rocks and associ-
ated rocks of Utsuryoto Island (Japan sea),
Memorial ed. of Prof. Harumoto, p. 1-29.

Hatherton, T. and W. R. Dickinson(1969) The relation-
ship between andesitic volcanism and seismicity

© in Indonesia, the Lesser Antilles, and other island
arcs, JGR., p. 5301-5310.

Irving, E. (1964) Paleomagnetism and its application
to geological and geophysical problems, John
Wiley & Sons.

Ito, H. and K. Tokieda(i980) An interpretation of
paleomagnetic results from Cretaceous Granites
in South Korea, J. Geomag. Geolelectr., v. 32,
p. 275-284,

Jensen, M. L. (1959) Sulfur isotopes and hydrothermal
mineral deposite, Econ. Geol., v. 54, p. 324-394.

Jensen. M. L. (1967) Sulfur isotope and mineral genesis,
Chap. 3 in Barnes, H. I, ed., Geochemistry of
hydrothermal ore deposits, N. Y., Holt, Rinehart
and Winston, Inc., p. 143-165.

Kevin, B. (1960) Ore mineral zones related to granite
in South Korea, Geol. Surv. Korea Bull. no. 4,
p. 141-147.

Kienzle, J. K. (1968) Paleomagnetism of Plio-Pleisto-
cene volcanic rocks from South Korea and studies
of the Earths ancient magnetic field, Ph. D.
thesis, Washington Univ.

Kienzle, J. K. and L. Scharon(1966) Paleomagnetic



154 BipetE, XM, FE, FRE KBRS

comparison of Cretaceous rocks from South Korea
and Mesozoic rocks of Japan, J. Geomag. Geo-
electr., v. 18, p. 413-416.

Kim, O. J. (1971) Metallogenic epochs and provinces
of South Korea, J. Geol. Soc. Korea, v. 7, no. 1,
p. 37-59.

Kim, S. K. (1979) Analysis of lineaments extracted

‘ from Landsat images of the Korean peninsula,
J. Earth Sci,, Nagoya Univ., v. 26/27.

Kobayashi, T. (1953) Geology of South Korea, Tokyo
Univ.

~ Kurazawa, K. (1970), S35 8(Qe]), ho]ont
whey,

Kutina, J. (1972) Regulations in the distribution of
hypogene mineralization along rift structures,
Proc. 24th Int. Geol. Cong., Montreal, Sec. 4,
p. 65-73.

Lambert, I. B. and T. Sato (1974) The Kuroko deposits:
their features and metallogenesis, Econ. Geol.,
v. 65, p. 1215-1236.

Lee, D. 8. (1977) Chemical composition of petrographic
assemblages of igneous and related rocks in South
Korea, J. Kor. Inst. Mining Geol., v. 10, no. 2,
p. 75-92.

McElhinny, M. W. (1973) Paleomagnetism and plate
tectonics, Cambridge Univ. Press.

Muraoka, Y. and H. Hase (1980) 3 &34 2}of g2 5}
T BAAAFETF2Y HsH(Le]), Adws, p.o 7
-29.

Nagao, T. and J. Nishikawa(1980) 87Sr/86Sr ratios and
their source materials of the volcanic rocks from
the Pliocene Misasa group in San’in district, J.
Japan. Assoc. Min. Petr. Econ. Geol., v. 75, p.
343-352.

Ohmoto, H. (1972) Systematics of Sulfur and Carbon
isotope in hydrothermal ore deposits, Econ. Geol.,
v.67, p. 551-578.

Park, B. K. and S. W. Kim (1971) Recent tectonism
in the Korean peninsula and sea floor spreading,
J. Kor Inst. Mining Geol., v. 4, no. 1, p. 39-43.

Park, B. K. and C. S. So (1972) The Ogcheon system
in the central part of southern Korean peninsula
as an ancient island arc, J. Geol. Soc. Korea, v. 8,

no. 4,

Reedman, A. J. and S. H. Um(1975) Geology of Korea,
KIGAM.

Rye, R. O. and H. Ohmoto (1974) Sulfur and Carbon.
isotopes and ore genesis, A review, Econ. Geol..
v. 69, p. 826-842.

Sasajima, S.(1980) Pre-Neogene paleomagnetism of
Japanese Islands and vicinities, Dep’t of Geol..
and Mineralogy, Kyoto Univ.

Segawa, J. and S. Oshima(1975) Buried Mesozoic:
volcanic plutonic fronts of the northwestern Pacific:
island areas and their tectonic implications, Nature,
v. 256, no. 5512, p. 15-19.

Shaw, D. M. (1968) A review of K/Rb fractionation
trends by covariance analysis, Geochem. Cos-
mochim, Acta 32, pp. 573.

Sillitoe, R.H. (1972) Relation of metal province in
Western America to subduction of oceanic litho-
sphere, GSA Bull., v. 83, p. 813-818.

Sillitoe, R.H. (1976) Andean mineralization:A model
for the metallogeny of convergent plate margi-
ns:Geol. Assoc. Canada spec. paper 14, p. 59-99.

Sillitoe, R. H. (1978) Exploration for porphyry copper
and molybdenum deposits in Southern Korea:
Unpub. report to KIGAM, p. 28.

Sillitoe, R. H. (1980) Evidence for prophyry-type
mineralization in Southern Korea: Unpub.
manuscipt at Royal School of Mines, England, p. 18..

Tateiwa, 1. (1976) 35— 24 5 =)z
(&), =mdjstEa3], p. 84-97.

Tuttle, O. F. and N. L. Bowen (1958) Origin of granite
in the light of experimental studies in the system
NaAlSi 03-KAISi05-SiC-H3O, GSA Memoir
74.

Uyeda, S. and K. Horai(1964) Terrestrial heat flow in
Japan, JGR, v. 69, p. 2121-2141.

Uyeda, S. and A. Miyashiro(1974) Plate tectonics and
the Japanese island: A synthesis, GSA Bull., v. 85,
no. 7.

Workfnan, D. R. (1972) The tectonic setting of the:
Mesozoic granites of Korea, J. Geol. Soc. Korea,,
v. 8, no. 2, p. 969-976.

ARFR =2



62(73) %+ + ¢
e e ey
et

- v JeR
- 2182)

.

e

p
+

.
+
-

Fig. 1 Geologic map of Gyongsang proper basin with K-Ar and Rb-Sr ages of Igneous rocks
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