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Genesis of Iron Ore Deposits in the south-eastern Part of Gyeongnam Porvince,
Korea

Young-Kyun Woo

Abstract : Many hydrothermal skarn-type iron ore deposits including Mulgeum, Yangseong, Maeri and
Kimhae mines are distributed in the south-eastern Gyeongnam Province, Korea. The deposits are
magnetite veins which occurred in propylitized andesitic rock near the contact with late Cretaceous
Masanite. Symmetrical zoned skarns are commonly developed around the magnetite veins. The order of
the skarn zones from the vein is garnet-quartz skarn, epidote skarn, and epidote-orthoclase skarn.

The garnets include isotropic or anisotropic andradite(Ad;go~70), and the epidotes are composed of
pistacite(Psy;~3;). Fe contents of the epidotes generally increase toward the magnetite veins. Epidotes
and garnets often show compositional variations from grain to grain, that is, their Fe and Al contents
vary inversely. This suggests that the variations depend mainly upon fo, during the skarnization.

Oxygen and carbon isotope analyses of minerals from andesitic rock, micrographic granite, major
skarn zones and post-mineralization zones were conducted to provide the information on the formation
temperature, the origin and the evolution of the hydrothermal solution forming the iron ore deposits.
Becoming more distant from the ore vein, temperatures of skarn zones represent the decreasing
tendency, but most 6 O* and ¢ O}éo values of skarn minerals represent no variation trend, and also the
values are relatively low. Judging from all the isotopic data from the ore deposits, the major source of
hydrothemal solution altering the skarn zomes and precipitating the ore bodies was magmatic water
derived from the more deeply seated micrographic granite. This high temperature hydrothermal solution
rising through the fissures of propylitized andesitic rock was mixed with some meteoric water, and the
extensive isotopic exchange occurred with the propylitized andesitic rock. During this process, the
temperature and & 011{820 value of hydrothermal solution were lowered gradually. At the stage of iron ore
precipitation, because after all the alteration was already finished, the oxygen isotopic exchange with
the wall rock was nearly not taken.

The relatively high & O'® and 80%120, and relatively low & C*® values of calcites of post mineraliza-
tion stage, are the results of leaching of the high & O chert xenolith in the andesitic rock and low &
C"® andesitic rock.
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Fig. 1 Geologic map of Kimhae—Mulgeum area.
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Fig. 2 A I Sketch showing the mode of occurrence of
zoned skarn (-3L, E-cross. 324m, Mulgeum
iron mine), B:The trend of compositional
variation of epidote in each zone.

1. magnetite, 2. garnet, 3. epidote, 4. epido-
te-orthoclase, 5. intensely altered andesitic
rock, 6. altered andesitic rock.

E, : epidote in altered andesitic rock, Eo : epi-
dote in intensely altered andesitic rock, Eg:
epidote in epidote-orthoclase skarn, E,:epi-
dote in epidote skarn, Es:epidote in
dacite(location not related with Fig. 2-A).
Plotted analyses are same as Table 2.
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Table 1 Electron microprobe analyses of garnet in quartz-garnet skarn from the

Mulgeum ore deposits. .

points of G, G G G G Ge G, G G

anlyeses %
SiO. 45.63 45.43 45.30 45.88 45.72 46.01 46.22 46.78 45.60
Al.0; - - 0.92 4.86 1.61 - 0.41 7.65 6.01
weight Fe:Os 37.48 37.89 36.41 31.61 35.73 37.30 36.78 25.51 30.20
peroent Ca0 16.12 16.01 14.93 15.24 15.33 15.86 15.88 15.18 15.04
MnO 0.76 0.66 2.45 2.40 1.61 0.83 0.70 2.88 3.16
Total 99.99 99.99 100.01 99.99 100.00 100.00 99.99 100.00 100.01
Number Si 3.98 3.97 3.94 3.86 3.95 4.01 4.01 3.83 3.82
of Al - - 0.09 0.48 0.16 — 0.04 0.74 0.59
cations Fe 2.46 2.49 2.39 2.01 2.32 2.45 2.40 1.70 1.90
Mes | Ca 150 150 139 1.37  142| 148 147 133 135
Mn 0.06 0.05 ~  0.18 0.17 0.12 0.06 0.05 0.20 0.22
Total 8.00 8.01 7.99 7.89 7.97 8.00 7.97 7.80 7.88

Andradite

mol. % 100.00 100.00 96.37 80.72 93.55 100.00 96.77 69. 67 76.31

* Analysed by M. W. Lee at Tohoku University.
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Fig. 3 The vanation of the chemical composition
from the cores to the rims of the anisotropic
garnet grain in quartz-garnet zone from the
Mulgeum ore deposits. Plotted analyses are
same as Table 1.
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Fig. 4 The change of chemical compositions of anisotropic garnet and epidote from the Mulgeum iron ore
deposits on the Ca-Al-Fe™® triangular diagram.

Table 2 Electron microprobe analyses of epidotes in the Mulgeum ore deposits.

Sample location E. Eo E.
Point No. 1 2 3 4 5|1 2 3 4 5|1 2 3 4
$:0, 3920 204 380 399 3820| B.53 3239 3851 3825 3823| B N0 B9 3.9
ALO, BI B B85 2803 272| 0.0 208 205 331 056 B0 UV B0 243
w | FeO N4 218 123 2% W] BB U4l U4 543 1560 105 254 1348
Ca0 BA5 B0 B0 218 280 863 BIR BS5 B46 B0 BA3 B8 240 B.IS
Total B.00 B0 97.09 %01 V0| N9 800 ¥.99 U9 099 V. B0 B0 %0
N“"f“’" si 312 310 3.08 3.8 3.05| 308 3.07 3.08 3.07 3.07| 3.07 3.09 310 3.10
atons | Al 222 222 223 216 2.4 206 2.06 208 197 195 233 225 216 2.1
orygen | Fe 0.68 0.73 074 077 086 0.8 08 08 09 09| 062 069 075 081
25 ey 198 1.9 1.9 189 19| 202 200 202 202 203 198 19 19 19
Total 8.00 801 801 800 800 8.00 800 800 800 7.99| 8.00 800 8.0 8.0
100xFe* / (Fe' +Al) B4 UT US %4 B | B N6 29 N3 26|21 BS B7 77
Sample location E.: E,s
Point No, 1 2 3 1 5 6 1 2 3 4 5 6
SiO:  [38.33 38.74 38.19 38.20 37.54 38.43| 38.91 38.45 38.99 38.99 38.13 3811
we g |M0s 2307 2277 2280 2241 2206 21.52| 2454 24.14 23.18 23.18 23.23 22.63
Fe:0. 113.28 13.31 13.69 14.06 14.96 15.11| 11.07 12.92 12.64 12.71 13.41 13.46
Ca0 23.25 23.18 23.32 23.33 23.43 22.93| 23.50 22.48 22.93 22.66 23.24 23.79
Total |97.98 98.00 98.00 98.00 97.99 9.9 | 98.01 97.99 97.99 97.99 98.01 97.99
Number | Si 3.6 3.09 3.4 3.05 3.0 3.08] 3.05 3.04 3.08 3.11 305 304
m:m A 26 214 2.4 211 208 2.03| 227 225 218 2.16 2.17 2.12
e | Fe 080 0.80 082 0.8 0.9 091 0.65 077 075 0.75 0.80 0.81
:12.0 | Ca 198 1.98 1.9 1.99 201 1.97| 1.97 1.90 1.94 1.92 1.98 2.03
Total 8.00 801 7.99 8.00 800 7.9| 7.94 7.96 7.95 7.94 7.98 8.00

100xF&/(F&€+Al) {26.9 27.2 27.7 28.6 30.2 30.9 22.4 25.5 25.6 25.9 26.9 27.5
See Fig. 2 on the sample locations. Analysed by M. M. Lee at Tohoky university
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Table 3 Freezing and heating data in the Yangseong, Mulgeum, Kimhae and Maeri ore deposits.

X ) Freezing Salinity (equivalent Homogenization
Ore deposits Location Temp. (T) NaCl wt. %) Temperature (C)
Yangseong main adit —2.9~—3.6 2.3~ 3.3 298~ 314
outcrop —3.2~—4.1 2.7~ 4.0 271~ 318
—1L —1.5~—4.2 0.3~ 4.1 318~ 360(+)
Mulgeum —3L —1.9~—-5.8 0.9~6.4 257~360 (+)
—5L —2.8~—3.4 2.2~3.0 287~360(+)
Kimhae main adit —3.2~~4.1 2.7~4.0 271~318
Maeri main adit —2.1~—3.6 1.2~3.3 274~289
(+) : higher than
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Table 4 Oxygen Isotope analyses of minerals.

S:nople Sample Name Sample Location Mineral 80" (%)
PA—-1 Andesitic rock Far esstward from the ore plagioclase (An=50%) —-0.19
deposits magnetite —5.19
Gr—1 Micrographic Near the Maeri ore deposits quartz 6.31
granite K —feldspar 5.32
AA—-1 Altered Mulgeum ore deposits plagioclase (An=40%) 0.38
andesitic rock epidote —3.77
IA-1 Intensely Mulgeum ore deposits K —feldspar 1.23
altered epidote —0.74
andesitic rock
Or—1 Epidote-orthoclase Mulgeum ore deposits K —feldspar 1.72
skarn epidote —0.83
ME -1 Epidote Mulgem ore deposits quartz 2.37
skarn epidote —2.79
magnetite —8.79
YE—1 Epidote Yangseong ore deposits quartz 3.56
skarn epidote —2.52
RE—-1 Epidote Maeri ore depesits quartz 6.82
skarn epidote 0.12
KE -1 Epidote Kimhae ore deposits quartz 2.81
skarn epidote -3.17
MG -1 Quartz—garnet Mulgeum ore deposits quartz 0.27
skarn 3rd level garnet —5.12
RG—1 Quartz—garnet Maeri -ore deposits quartz 4.09
skarn garnet —0.23
Mulgeum ore deposits
MM-—-1 1st level main vein magnetite 0.53
MM -2 3rd level (west vein magneti te 0.06
MM-—3 main vein magnetite 0.27
MM-—14 Ore vein esst 2nd vein magnetite —1.68
MM-—5 east 5th vein magnetite — 10.04
MM—6 6th level main vein magnetite —2.52
MM-—-7 8 th level main vein magnetite —2.19
MH—1 Ore vein Mulgeum ore deposits
E.~E; vein hematite —12.10
YM—1 Ore vein Yangseong ore deposite magnetite —8.93
RM-—1 Ore vein Maeri ore deposits magnetite —2.52
KM—1 Ore vein Kimhae ore deposits magnetite —-0.19
MQ -1 Vuggy quartz Mulgeum ore deposits
3 rd level quartz 2.57
RQ—1 Vuggy quartz Maeri ore depsits quartz 4.66
KQ-—1 Vuggy quarte Kimhae ore deposits quartz 3.13

R TR BIE-S EBR Case Western Reserve Uni-
versity EEH 2] Nuclide RMS 6-60, 6 inch double
collecting mass spectrometers {# i35} o},
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RILE ol Rkhe Bl FHEs RIUES 97 93k
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Table 5 Oxygen and carbon isotopic compositions and §O¥:0 values of calcites from the iron

ore deposits.
. Sample &0 &Cc*? Temperature 6Ciso Remarks

Ore deposits No. (SMOW)  (PDB) (t) %)
Y angseong YC—1 8.86 — 5.69 190 — 0.72  dogtoothspar

3LE, GC—-3 23.03 —14.26 ” 13.45 ”
Mul geum 3LE, GC—2 23.15 —M4.34 ” 13.57 "

8L GC—1 15.99 —13.28 ” 6.41 ”

8L GC—14 10. 92 — 8.50 ” 1.34 calcite in shear zone
Maeri RC—1 5.08 — 5.86 212 — 3.35 calcite in shear zone
Kimhae KC—1 099 -137 ” —7.44 dogtoothspar

0¥zt(eF +6%; Taylor, 1974)2c} " Fenl, of  FUFH At R ap g (T)E ol &5t Al BES

o] RIS ZT2Helo] Efbs A7 wﬂ—rOl B}J- &a
L

RO BELY BEREMTESIERA 3 K

@ 1 (T)Bottinga ¢+ Javoy, 1973)F FIAste ° &
B OERERS BES Kshd of 631TCo|H o] BEw
o] LY ZzHzlo| EfLIFMEFS] BEE Mivd
ok, EF o] EES Bottinga®t Javoy(1973)4]
(T a, (T)RE o]l &3l o] Hhel £ME
EiF MEE 2 AREA FES o747 B BMRA
FTEFERS B 0 0ido &S A4 2m o +0.32%
olth, o] Kiligd Z2Uzlo|EfLrt Uojd = &
g o KKEES AoldS viehdich

WARTERE 1 EAS AR FHK BEmMMS
2 FEs) MEs MGRARESR REEa gless
A BFKS ARRA 7 KLY KB E B W
o] sleh. =eld HESKK TEBY MIARERE S #
Hshe] MR AES K-RAEY 60%3E o
3la &% +6.31%3 +5.32%°]tH Table 4). o] 3%
& Taylor(1974)¢] ##EFQ) fEmAESY AE(+8~+
14%)3 TR 3(+7~+13%) 8t thi drh

o] HAEA B} K-KREY BRRAMITES IR
43k R @ o gxr(T)(Bottinga®} Javoy, 1973)& o}-&3}
H, o= HpWol £E ERY BEw o T17TCo
oh ol TERES AREBEE et gholch o] BE
S} Bottinga®l Javoy(1973)8] K ayp (T) a
or-w(T)E FIASE o] FpIol £82 EEFS £ o
OBos sHEsA v +5.83%°]ch.

o] 9 MREMITRKF-E HEAYS nl1ebKk(+5
5~+4+10.0% ; Taylor, 1979)& @R <}

VREERILEH ¥ ARETILSS  BETILESY &
KA(An=40%)3 KBRS 605 22 +0.38%3
—3.77%0| 2, BBETINAES K-RA3 #EDY o
0gk2 77 +1.23%3 —0.74%°] cH(Table 4).
Matthews5(1983)%] RA—#EH° BERMTES

%Eklﬂﬁ% ZA$E 115Col 2
461°C°|Dl-
o WEBY BE %7“ A & AEEYR &
FFi 4454 22,0 e FTFEREANA 42 A
olzfi M= ot

BRE-ERBATIE (o] 2712444 K-RAS
B 608 +1.72%3 —0.83%°]| H(Table 4).
Matthewss-(1983)2] K-RA3 ##Ad B3 R «
ki T)S FIAZIY k& BEx 372TEA ol 1
HEMNo T elddt LER M=l o] BES O'Neil
3} Taylor(1967)9] & @ xp (T)E o]&3td kit #%
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