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Hidden Porphyry-Related Ore Potential of the Geumseong Mo Deposit
and Its Genetic Environment

Seon-Gyu Choi'*, Jung Woo Park!, Jieun Seo!, Chang Seong Kim', Jong Ki Shin’
Nam Hyuck Kim? In Kol Yoo? Ji Yun Lee' and Yong Hwan Ahn'

'Dept. of Earth & Environmental Sciences, Korea Univ. Seoul 136-713, Korea
Korea Resources Corporation

The Guemseong mine is located near the southern margin of the Jurassic Jecheon granitoids collectively with the
Cambro-Ordovician mixed dolostone-limestone series of the Yeongweol Group, Choseon Supergroup. Here, two
spatially distinct types of skarn formation have been observed. The upper transitional skarn is the calcic Mo skarn
which has the mineral assemblage of garnet+hedenbergite+epidote=+wollastonite + magnetite+ hematite + amphibole
=chlorite+ vesuvianite within the calcite marble. On the other hand, the lower proximal skarn occurs as a discor-
dant magnesian Fe skarn at the contact of Mo-bearing aplitic cupolas with unidirectional solidification texture
(UST) within the dolomitic marble. The magnesian Fe skarn has the mineral assemblage olivinet+diopside+
magnetite+tremolite+serpentine+talc+chlorite + phlogopite. The formation of two different types of skarn and ore
mineralization in Geumseong mine have been attributed to multistage and complex metasomatic replacements that
ultimately resulted in silicate-oxide-sulfide sequence of metasomatism. An early prograde stage with anhydrous
skarn minerals such as olivine, clinopyroxene and/or garnet with magnetite, formed from high temperature (about
500° to 400°C) at an environmental condition of low CO, fugacity (XCO,<0.1) and 0.5 kbar. The later retrograde
stage with hydrous silicates such as amphibole, serpentine, phlogopite, epidote and chlorite with molybdenite or
hematite, formed from relatively lower temperature (about 400° to 300°C).

Key words : Calcic skarn, magnesian skarn, Geumseong, porphyry-style Mo mineralization, unidirectional solidifica-
tion texture (UST)
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Fig. 1. Generalized geological map of the Geumseong
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Fig. 2. Representative slab photographs in the Geumseong mine. (A) Mo-bearing aplitic dyke mainly composed of quartz
and alkali feldspar. (B) Typical crenulate comb quartz layers and aplitic layers in cupola. Black arrows indicate abundant
crenulate comb quartz layers. Note the molybdenite mineralization in quartz layer. (C) Comb quartz layer with planar bases
and euhedral crystal terminations in aplite. White arrows show the growth direction of comb quartz. (D) Representative
sample of upper skarn dominated by the garnet-clinopyroxene zone with molybdenite. (E) A specimen showing the garnet
zone in upper skarn. Here note the development of garnet-hematite-pyrite sequence at the contact of marble. (F) Typical
lower skarn primarily made up of clinopyroxene, olivine and interbedded magnetite. Abbreviations; amp=amphibole,
cc=calcite, cpx=clinopyroxene, grt=garnet, hem=hematite, mo=molybdenite, mt=magnetite, ol=olivine, py=pyrite and
qtz=quartz.
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Table 1. Representative clinopyroxene, garnet and amphibole compositions of the upper skarn in the Geumseong deposit.

Calcic Skam
clinopyroxene garnet amphibole
cpx-grt zone grt zone cpx-grt zone grt zone grt zone

Si0, 49.07 48.67 51.05 50,60 SiO, 3749  36.53 36.15 3497 SiO, 51.88  53.92
TiO, 0.00 0.00 0.00 0.00 TiO, 0.90 0.00 0.52 0.00 ALO; 0.00 0.00
ALO;, 031 0.29 0.20 038  ALO, 14.49 7.1 8.55 041 FeO* 2383  13.66
FeO* 21.82 2231 1424 1489 Fe,O4%* 13.12 2351 2043 3126 MnO 226 4.39
MnO 2.57 2.64 2.06 207 MnO 1.70 1.26 1.01 257 MgO 730 12.84
MgO 3.34 3.26 8.35 7.64 MgO 0.00 0.00 0.00 0.00 CaO 1234 1237
CaO 2293 2265 2406 2357 CaO 3284  31.76 3385 3096 Na,O 0.00 0.30
Na,O 0.00 0.00 0.00 0.00  Total 100.54 100.17 10051 100.17 K,0O 0.00 0.00
K,O 0.00 0.00 0.00 000 O =24 Total 9761 9748
Total 100.04 99.82 9996 99.15 Si 5.897 5.984 5837 5933 O =23
O =6 AllV 0.103  0.016 0.163  0.067 Si 7963 7959
Si 1.975  1.966 1.979 1986 AIVI 2.581 1.356 1.463  0.015 AllV 0.000  0.000
Al 0.015 0.014 0.009 0.018 Fe** 1.552  2.895 2480 3.988 AIVI 0.000  0.000
Fe** 0.734  0.754 0462 0489 Ti 0.106  0.000  0.063 0.000 Fe** 0.046  0.056
Mg 0.200 0.19 0483 0447 Mg 0.000  0.000 0.000 0.000 Mg 1.670  2.826
Mn 0.088  0.090 0.068 0.069 Mn 0226 0.175 0.138  0.369 Fe* 3.014  1.630
Ca 0.989  0.980 0999 0991 Ca 5534 5574 5856 5.628 Mn 0294  0.549
Cations  4.000  4.000 4.000 4.000 Cations 16.000 16.000 16.000 16.000 Ca 2030 1.956

Na 0.000  0.086
Jo 8.6 8.7 6.7 69 Ad 40.4 75.6 63.8 979 K 0.000  0.000
Di 19.6 18.8 477 445 Gr 55.6 213 33.8 0.0 Cations 15.016 15.063
Hd 71.8 72.5 45.6 48.7  Pyr 0.0 3.0 0.0 0.0 Mg#*** 353 62.6

*Total Fe as FeO.

**Total Fe as Fe,Os.

#xxMgh=(100<Mg/ (Mg+Fe)).

Abbreviations; Ad=andradite, Di=diopside, Gr=grossular, Hd=hedenbergite, Jo=johannsenite, Pyr=pyralspite.
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Fig. 3. Representative microphotographs of skarns in the Geumseong mine. (A) Clinopyroxene-garnet zone with Mo in
upper skarn. (B) Garnet zone in upper skarn. Note some garnets are filled by magnetite. (C) Typical lower skarn with layers
of magnetite and clinopyroxene * olivine. (D) Comb quartz layer in aplitic cupola containing molybdenite. Black arrow
indicates the growth direction of comb quartz. See Fig, 2 for abbreviations.
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Table 2. Representative olivine, clinopyroxene, phlogopite and amphibole compositions of the lower skam in the
Geumseong deposit.

Magnesian Skarn
olivine clinopyroxene phlogopite amphibole
Si0, 3939 3914 39.11 SiO, 54.11 3413 54.08 SiO, 39.68 39.72 SiO, 57.61 54.60
TiO, 000 000 000 TiO, 0.00 0.00 000 TiO, 0.00 000 ALO; 029 1.68
ALO; 0.00 000 0.00 ALO; 041 045 000 ALO; 1434 14.11 FeO* 223 923
FeO* 1549 1579 1585 FeO* 289 260 425 TFeO* 385 462 MnO 033 049
MnO 166 199 183 MnO 058 000 038 MnO 0.00 000 MgO 2299 1875
MgO 4381 4293 4334 MgO 1630 17.07 16.03 MgO 2781 2643 CaO 1335 12.11
CaO 000 000 0.00 CaO 25.66 2567 2522 CaO 0.00 000 NaO 033  0.66
Na,O 0.00 044 044 Total 99.95 9992 - 99.96 Na0 0.00 000 KO 0.00 018

K0 000 000 0.00 KO 917 991 Total 97.13 9770
Total 10035 10029 10057 O =6 Total 9485 9479 O =23

Si 1.980 1972 1987 O =22 Si 7.944  7.706
0 =4 Al 0.018 0.019 0.000 Si 5.623 5675 AllV 0.047 0.262
Si 0.994 0993 0990 Fe* 0.088 0079 0.131 Ti 0.000 0.000 AIlVl 0.000 0.017
Fe?* 0327 0335 0335 Cr 0.000 0.000 0.000 Al 2393 2374 Fe* 0.025 0.275

Mn 0.035 0043 0039 Mg 0.889 0927 0878 Fe* 0.456 0552 Mg 4726 3.945
Mg 1.649 1624 1635 Mn 0.018 0.000 0.012 Mn 0.000 0.000 Fe** 0.231 0.814

Na 0.000 0.022 0.022 Ca 1.006  1.002 0993 Mg 5875 5630 Mn 0.038 0.058
Cations 3.005 3.017 3.021 Cations 4.000 4.000 4.000 Na 0.000 0.000 Ca 1972 1.831

K 1.658 1806 Na 0.088 0.181
Te 1.7 2.1 1.9 Jo 1.8 0.0 1.2 Cations 16.005 16.037 K 0.000 0.032
Fo 820 811 814 Di 893 921  86.0 Cations 15.073 15.123
Fa 163 167 167 Hd 8.8 79 128 Mg#* 093 091 Mghtt 949 784

*Total Fe as FeO.
**Mg#=(100xMg/ (Mg+Fe)).
Abbreviations; Fa=fayalite, Fo=forsterite, Te=tephroite (see Table 1 for other abbreviations).

Jo Pyr

& gamet zone
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Lower skarn @

S0

Geumseong skarn
(Park, 1982)

Di A Hd Gri—x Fg PRl 7 d

Fig. 4. Ternary diagrams illustrating the variations in chemistry of major minerals in upper and lower skarns. (A) Jo-Di-Hd
plot (mol. %) of clinopyroxenes. (B) Pyr-Gr-Ad plot (mol. %) of garnets. See Table 1 for abbreviations.
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Fig. 5. Lower skam olivine compositions plotted in Te-Fo-
Fa diagram (mol. %). See Table 2 for abbreviations.
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200695 tHebdPRISFAlA AAHE 38 AlFF
(KORES, 2006)2] 2k 234260 m F7kollx 2014
Za1y wiapietd oHlE A Add H(CLQ |
R ALY mAg EETFE(Fg 3D ¥4
ot AP A4 &2 (unidirectional  solidification
texture (UST)IE HolZ gle™(Choi, 2006), ©l= &t
Ay Bde] DY 2R3 AA]8A ick(Kirkham
and Sinclair, 1988). o]&1gh WsPldd AA= FEet
9|Ro B3l WiEt gy FEeiE vy
A A2 BEe, Aubgo g Fulg(<1.0vol. %)
FAZERo] ke Qich, WAFE] Wer 9 A
on ke sl oeinc) FZEE wkeehd
AdAolN] Zrele RS Helth T e 3EAe
2 Si0, ko] oF 73~T6wt. %EAM AWHoT B
TS Ho|r(Table 3), FeO+MgO+MnO+Ti0, 3+
o] oF <1.0wt. %] Xsle4 54E Heli gt} H
PR WAy T wle} vekst XjolE Hola gle
U, AlRspdetel viste] ¥alE Rb-2¥€E Srol 59
<& Yehfa ik olEs dle fAaEES] SRl
o} T = - mjERAR 0] ZAEA ) haslEly =
Hol|A whanle] ZGES A M D7) AEZ slalg
o}, w3, FEek U] vialeke dukEo s #xe
HARSE Holu, nkaliet ko)) Hjsje] AthdoR
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Table 3. Major and trace element compositions of aplite in the Geumseong deposit.

Mo-bearing aplitic dyke

Mo-bearing aplitic layer in cupola

Sample No.
GSM26-3-24* GSM26-4-5 GSM26-3-56* GSM26-3-50

SiO, 73.82 73.67 75.34 73.26
AL O, 12.98 13.35 12.64 12.62
Fe,Oy** 0.47 0.39 0.65 0.59
MnO 0.02 0.01 0.01 0.02
MgO 0.17 0.16 0.21 0.17
CaO 1.74 1.01 2.45 2.02
Na,O 0.29 0.21 1.72 1.96
K,O 8.71 8.95 3.85 5.40
TiO, 0.02 0.02 0.01 0.02
P,0s 0.04 0.04 0.09 0.06
LO1 2.40 1.52 3.68 2.41
Total 100.67 99.33 100.66 98.53
Be 1.37 2.00 2.44 2.00
Ga 13.56 14.00 15.73 13.00
Ge 1.12 1.30 0.73 1.00
Rb 260 293 116 148
Sr 133 106 257 212
Y 11.52 13.80 7.00 9.60
Zr 39.0 40.0 41.5 53.0
Nb 10.2 9.2 1.3 3.6
Cs 1.48 1.70 2.00 1.60
Ba 886 1185 818 1671
Hf 2.01 1.90 224 2.10
Ta 1.27 1.41 0.28 0.75
W 1.65 1.10 0.72 7.20
Tl 2.71 2.46 0.59 1.62
Pb 67.9 20.0 64 28.0
Th 19 1.6 12.1 124
U 6.7 34 5.8 33

*KORES (2006).
**Total Fe as Fe,0s.

2o K0 ek 28 Na,0F 2ol Ytk

UST #FZeks e ehkdaate) ozt 4528
w2} £ m FAY AR IR 2IFEd)7 wiEE
3 glen, ZARaRy CLQ-ALY B4t sy
G- w3 d-UAY A7Eg-0g &
72O (MgAIE ~FFEd)y->a-ed M3qre s #is)
He 3 538 2AckChoi, 2006). 3504
F2 24 FEE gt 2gE WL Hole Wiy,
AL 94 27IEHAN ¢ mmTA FOE 27}
E FEH 72E v ok =31, FEE
2o ear s o gk 9 53 3
AL mE gshe vkt Foz Aldrt
(Fig. 2A). o|=]3 B33y wielgee 2 den,
AeE, MY, ZUAo|E E s oz g H M (Fig.

3D), CLQoA 49} 3ol At ¥hH, ALl
A won 9 Agwyl 22 AZFHTh FEE YA
YRolA AEHE FA4ES T2 Jedds 33
Aoz FAEY, Fease] g - A
3 FHPFAS Ro|x Yk FeAHL (LQ E=
CLQ-AL?] 7ZARC HF=e 4TS Rol, Y, ¥
SR L= ALmel U FAAAE FHoli Utk
(Fig. 3D). Whaldetd FEete] ezl uiee 73
o] KAHE gz 4AAE KArdohida=
96.5+ 2.1 MaZ ARSIz ol 7] wjepr] 8
AZEF FEE B3 E ol Uth(Table 4).
AT AR 2glEde ARkdoen FHFH<
Reeope wolm glov), Mt A7lEdE 4FE F
222 FAo= 9zhRo) wiel= Qich olHF #
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Table 4. X-Ar age data of K-feldspar from aplitic cupola in the Geumseong deposit.

Sample Mineral Descrinti K Rad. 40Ar Non-Rad. 40Ar  Age
amp fnera escription (Wt%)  (10-8 ccSTP/g) (%) (Ma)
GSM26-3-18 K-feldspar o ridspar in the outmost marginal 1) 5 07 731041 39 96.5+2.1

part of Mo-bearing aplitic cupola

Note: Decay constants used for age determination are after Steiger and Jager (1977).
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Fig. 6. The schematic evolutionary path of the ore bearing fluids during the various stage of mineralization in the
Geumseong area as deduced from the XCO, versus temperature diagram (modified after Meinert, 1982; Harris and Einaudi,
1982). (A) General environment for calcic skarn formation (shaded area). (B) The arrow indicates the evolution of
magnesian skarn from prograde skarn to retrograde skarn. Calc-silicate equilibria based on the experimental work of
Gordon and Greenwood (1971), Greenwood (1967), Slaughter et al. (1975) and Newton (1966). Abbreviations;
brc=brucite, mgs=magnesite, per=periclase, sps=serpentine and tlc=talc (See Tables 1 and 2 for other abbreviations).
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