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Geochemistry and K-Ar Age of Gabbroic Rocks in the Konamsan
Area of Yonchon Province, South Korea

Kyu Han Kim* and Hyun Joo Lee**

ABSTRACT: Gabbroic rocks in which titanomagnetite orebodies are embedded were emplaced in Precambrian meta-
sedimentary rocks. Hornblende K-Ar ages for equigranula and gneissic gabbros were obtained to be 1021.81 14.5
Ma and 1468.4+ 20.8 Ma, respectively. Biotite-granite has an age of 1164 Ma, which has corresponded to Daebo
granite. Amphibole minerals of the gabbroic rock and the magnetite orebodies belong to calcic amphibole group
such as ferroan pargasite, pargasite, and ferro-pargasite. The gabbroic rocks have unusually high content of TiO,
ranging from 0.88 to 6.03 wt% with an average value of 3.46 wi.% as compared to normal gabbroic rock with
1.32 wt% in TiO,. Incompatible elements such as Ba and Sr of the gabbros are negatively correlated with SiO,.
In contrast, Co and Cr have a positive correlation with SiO,, suggesting a normal differentiation trend of gabbroic

magma.
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Fig.1. Geological map of the Yonchon titanomagnetite ore deposits (Kim and Lee, 1993). 1; Quarternary basalt, 2;
quartz porphyry, 3; biotite granite, 4; gabbroic rock, 5; mica schist, 6; marble, 7; quartzite and quartz-sericite schist,
8; biotite-hornblende schist, 9; biotite gneiss, A; massive magnetite ore body, B; skarn type magnetite ore body, and
D; layered magnetite ore body.
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Fig. 2. Variation of Mg/(Mg+ Fe) with Si for calcic amphiboles from the Yonchon iron mine. Solid rectangle; amphi-
bole from coarse grained gabbroic rock, solid triangle; amphibole in magnetite ore, open triangle; amphibole from
foliated gabbroic rock, open circle; amphibole of skarn in the vicinity of magnetite ore, and open rectangle; amphi-

bole from the layered gabbroic rock.
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Fig. 3. The compositional variation of amphiboles in terms of cations [Al]"™ vs. A-site occpancy (a) and Al ([Al]™)
vs. Al ([A1]) (b). Symbols are the same as in Fig. 2.

Table 4. Chemical compositions of amphiboles for gabbroic rocks and skarn iron ores from the Yonchon titanomagnetite
ore deposits.

Sample No. E-11a G-2 G-1 S1
Analytical
point 35 36 38 40 41 39 20 21 22 23 24 25 27 45 49

SiO; 4156 4132 4079 3979 4078 4662 37.66 3635 3815 3658 3607 3526 37.09 4933 3993
TiO, 000 000 000 000 000 000 003 005 004 001 007 001 004 /000 001
AlLO; 1484 1656 17.18 1823 1745 1004 1772 18.18 1452 1858 1865 1902 1567  7.23 1553
FeO 11.88 1216 11.08 1166 1148 11.08 1883 1857 19.38 19.83 2854 2045 2130 966 15.16
MnO 010 025 016 012 021 013 011 010 008 004 005 017 022 014 005
MgO 1194 119 1162 1087 1126 1522 562 508 658 510 504 388 532 1561 977
Cr,03 004 006 003 014 007 007 005 003 007 000 004 005 008 002 0.11
Ca0 1244 1161 1209 1015 1102 1016 11.38 1157 11.08 1118 11.39 1104 1171 1165 10.84
Na;O 245 255 252 358 262 202 249 263 240 256 253 234 222 102 198
K0 000 000 000 000 000 000 006 004 003 005 004 002 006 .000 001
Total 9526 9650 9547 9554 9490 9533 9393 9259 9232 9392 9242 9224 9371 9465 93.48

Cations per 23 oxygens

Si 622 606 6.06 599 608 680 593 583 611 577 578 569 591 722 611
Al(iv) 178 194 194 200 192 121 207 217 189 223 222 231 209 078 1.89
Al(vi) 084 094 107 123 LIS 052 122 128 086 123 131 132 086 047 091
Ti 000 0.00 0.0 000 000 000 000 001 001 000 001 000 001 000 000
Fe’' 024 045 023 010 02 055 016 006 037 032 014 034 052 020 060
Mg 266 262 257 244250 330 132 122 157 120 120 093 126 341 223
Fe?’ 125 104 114 137 117 080 232 243 223 230 235 242 232 099 134
Mn 125 104 L14 137 117 080 232 243 223 230 235 242 232 099 14
Cr 000 001 000 002 001 001 00t 000 001 000 001 00t 001 000 001
Fe*2(M4) 000 008 004 017 011 020 004 001 005 005 002 004 000 008 010
Ca 199 183 192 164 176 159 192 199 190 189 1% 191 200 183 L79
Na(M4) 000 009 0.04 091 013 022 004 001 005 006 002 005 000 009 01l
Na(A) 071 063 068 085 063 035 072 081 069 072 076 069 069 020 048
K 000 000 000 000 000 000 001 001 001 001 001 000 001 000 000
vi 1.07 139 130 133 141 107 138 134 123 155 146 166 138 067 151
Mg 064 063 065 062 063 071 035 033 038 031 033 025 031 074 053

Fe 032 028 031 036 032 020 064 067 059 066 066 072 065 022 038
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Table 2. K-Ar mineral ages for the gabbroic rock and biotite granite from the Yonchon iron mine.

Sample No. Description Mineral %K Ar(mol/g) Age Remark
E-9 Coarse
equigranular Hb 0.21 8257 1468.4 Middle
gabbro (£20.8) Proterozoic
E-10 Gneissic Hb 0.34 8.104 1021.8 Middle
gabbro (£ 14.5) Proterozoic
K-10 Biotite-
hornblende Bt 494 1.030 116.4 Early
granite F17) Cretaceous

Hb; Hornblende and Bt; Biotite,

Table 3. Chemical compositions of the gabbroic rocks from the Yonchon titanomagnetite ore deposits.

No.

H1 H6 M1 M2 Y5 511 513 514a KH1 H3 Y6 H5 H7 57 514b G-1 AF-1
Element
Si0, 48.08 46.65 49.10 46.51 49.65 44.32 46.09 4550 50.62 47.68 48.74 4945 4974 4148 6731 4394 4836
TiO; 229 206 237 445 163 461 308 338 08 137 139 158 092 603 006 228 1.32
AlO3 815 1253 1343 1627 1045 1249 1282 1256 1405 1447 14.68 1349 13.58 1250 19.20 14.87 16.84
Fe,03* 1119 1730 1059 1233 945 1802 1294 1443 11.89 1342 12.80 14.88 1347 1691 098 13.03 1047
Fe,0; 253 391 240 279 214 408 293 326 269 304 290 337 305 383 022 436
FeO 866 1339 819 954 731 1394 1001 1117 920 1038 990 11.51 1042 13.08 076 7.80
MnO 019 024 020 023 015 028 029 02 019 025 023 024 022 022 00t 016 0.8
MgO 979 759 613 361 935 551 767 763 781 729 690 626 761 558 008 931 806
Ca0 1853 1016 1497 11.83 1646 1042 1314 1216 1166 1171 1122 1006 1197 13.03 121 1237 1107
Na,O 092 207 243 329 159 294 204 245 194 223 247 244 199 242 750 133 226
K:0 047 LIS 054 067 098 080 132 125 080 138 136 138 033 078 362 092 056
P,0s 039 025 024 081 029 061 061 038 016 020 021 022 017 105 003 044 064

Fe;03*; Total iron. G-1; Alkali gabbroic rock from the Gadiner complex of Greenland (Nielsen,

alkaline intrusive rocks from South Africa (Mclver, 1981).
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Fig.4. Alkali vs. silica diagram for the gabbroic rocks
from the Yonchon titanomagnetite ore deposits. Divided
line between alkalic and tholeiitic rocks after MacDonald
and Katsura (1964). Open rectangle; coarse grained gabb-
roic rock, open circle; medium grained gabbroic rock,
open triangle; fine grained gabbroic rock, solid triangle;
well foliated gabbroic rock, solid rectangle; layered gabb-
roic rock, and open diamond; alkali gabbroic rock (Niel-
sen, 1981)
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the gabbroic rocks from the Yonchon titanomagnetite ore
deposits. Symbols are the same as in Fig. 4.
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Table 4. Concentration of trace elements and REE in gabbroic rocks from the Yonchon iron mine.

sample No- ) He M4 M2 YS S 513 540 KHI B3 Y6 HS  HT 57 sldb
Element

Ba 14305 216 280 236 384 M2 301 74 1255 95 136 S8 170 142
Co 30 4 2 m 3% % R R 4 4 4 4 9 26 4
Cr 8 286 42 20 18 30 %9 12 13 1% 12 141 14 4 2
Cu 6 12 6 8 4 29 36 29 146 123 16 11 125 45 9
Li B3 18 12 13 15 26 28 1 24 18 15 6 16 52
Nb 818 1327 s 54 3 4 4 8 9 8 3 30 15
Ni 3 185 B 16 ¥ 28 55 78 95 88 80 & 8 B 6
Sc By 02 W M 0B 26 3 4 £ & £ 0 0 0
Sr 99 123 W8 155 653 767 671 670 155 245 304 10 8 Sel 202
v 3232 17165 251 289 260 284 28 332 3T 3B M2 M5 6
Y 703 25 20 20 38 25 38 2 27 B 4 N ¥ 4
Zn 6 M6 106 19 77 211 235 197 92 20 200 U8 9% 166 50
Zr B 020 15 15 20 16 2 50 9 13 @ 13 10 2 1
La no® 10 19 9 ®moa B 6 9 0 45 4 15
Ce B % 3 8 2 e 4 5 8 18 2aA 35 0§ 9 27
Nd 19 8 24 3B 14 4 29 33 10 15 17 20 10 50 10
Sm 60 147 602 73 56 104 64 82 24 38 42 52 28 104 2
Eu 1220 107 23 13 25 15 19 07 09 10 LI 07 22 03
Dy 42 139 38 33 34 64 38 57 32 36 38 55 37 59 38
Yb 19 8 18 12 13 26 16 28 25 22 23 34 28 23 37
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Fig. 9. Trace element variation with SiO, for gabbroic rocks from the Yonchon titanomagnetite ore deposits. Symbols
are the same as in Fig 4.
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Fig. 10. REE patterns of gabbroic rocks from the Yonchon
titanomagnetite ore deposits. Symbols are the same as
in Fig.4.
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