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Genetic Model of Mineral Exploration for the Korean Au-Ag Deposits;
Mugeug Mineralized Area
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"Dept. of Earth and Env. Sci., Korea Univ, Seoul 136-701, Korea
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The gold-silver vein deposits in the Mugeug mineralized area are emplaced in late Cretaceous biotite granite
associated with the pull-apart type Cretaceous Eumseong basin. Mugeug mine in northern part is composed of mul-
tiple veins showing relatively high gold fineness and is characterized by sericitization, chloritization and epidotiza-
tion. The ore-forming fluids were evolved by dilution and cooling mechanisms at relatively high temperature and
salinity (=300°C, 1~9 equiv. wt. % NaCl) and highly-evolved meteoric water (§'%0; -1.2~3.7%) and gold mineral-
ization associated with sulfides formed at temperatures between 260 and 220°C and within sulfur fugacity range of
10719~10"135 atm. In contrast, Geumwang, Geumbong and Taegueg mines show the low fineness values, in south-
ern part are characterized by increasing tendency of simple and/or stockwork veins and by kaolinitization, silicifica-
tion, carbonatization and smectitization. These deposits formed at relatively low temperature and salinity (<230°C,
<3 equiv. wt. % NaCl) from ore-forming fluids containing greater amounts of less-evolved meteoric waters (5'%0;
-5.5~4.0%o), and silver mineralization representing various gold-and/or silver-bearing minerals formed at tempera-
tures between 200 and 150°C and from sulfur fugacity range of 107'°~107"%atm These results imply that mineraliza-
tion in the Mugueg area formed at shallow-crustal level and categorize these deposits as low-sulfidation epithermal
type. The genetic differences between the northern and southern parts reflect the evolution of the hydrothermal sys-
tem due to a different physicochemical environment from heat source area (Mugeug mine) to marginal area (Tae-
geug mine) in a geothermal field.

Key words : mugeug mineralized area, gold-silver mineralization, ore-forming fluids, hydrothermal system, genetic model of
mineral exploration
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Ag. 1. General geological map of the Mugeug mineralized district. MG; Mugeug mine, YI; Yuil mine, GW; Geumwang mine and
GB; Geumbong mine, TG; Taegeug mine. Black colored line indicates productive gold-silver vein and their vein number.
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Fg. 2. Rose diagram of gold-silver vein direction in the
Mugeug mineralized area. Note that most of gold-siver
veins show north-west direction.
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Table 1. Characteristic features of Geumbong and Taegeug
mines in Mugeug mineralized area.

Mine Geumbong Taegeug

quartz vein> quartz vein=

Vein e . p . .
v calcite vein  calcite vein

Vein morphology muitiple  mutiple~simple
Complex b *
Veinlet ** *xx
Stockwork * ks

Vein texture
C Omb sk *
Bande_d ook ok
(crustiform, colloform)

Bfeccia Fkk LR L
Feathery, ghost-sphere ok A x
ReplacemenF * %
{(bladed, lattice)

MOSS *x *okk

Alteration moderate very weak
Phyllic alteration ok *
Propylitic alteration ok R
Argillic alteration ok *hk

Characteristic mineral pyrite, stibnite

arsenopyrite
Base-metal mineral . )
(sp, ¢p, gD
Ag-S (ag, an) e -

Cu-Ag-Sb-As-S (td, pb) ok

Ag-Sb-As-S (pg, mg, stp) **

Ag-Fe-S (stb) -

Sb-S (sby) *
Abbreviation; ****; abundant, ***; dominant, **; moderate, *;
little, ~; rare, ag; native silver, ar; argentite or acanthite, cp;
chalcopyrite, gl; galena, mg; miragyrite, pg; pyrayrgyrite, pl;
polybasite or pearceite, sb; stibnite, sp; sphalerite, stb; stern-
bergite, stp; stephanite, td; tetrahedrite

: i ""'Ap“ . o hi A R )
Fig. 3. Photomicrographs of various types in quartz veins from Mugeug district. A: Ghosi-sphere texture from Taegeug mine.
Arrows show microcrystalline quartz as cloudy spheres highlighted by the distribution of impurities. B: Bladed texture from
Taegeug mine. Silica blades are parallel within each group but sometimes adjacent groups have different orientations. Scale
bars=0.5 mm.
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Table 2. Average and range of fineness in Mugeug distirct.

Fineness variations

Mine Name of vein N*
Average Range

No.1 137.6 89.9-181.0 33

No.2 166.7 117.8-197.3 45

No.7 144.8 93.7-2708 121

No.8 160.3  100.2-286.6 68

No.10 189.3 2.2-585.8 18

Mugeug o1 675 132857 9
Samhyungje 196.5 76.5-407.1 1407

Baksan 268.1  254.2-281.9 30

East-west 1956  108.4-238.1 34

Total average 169.6 1.3-407.1 1765

No.1 64.4 0.5-318.2 25
Geumwang No.2 179.7 1.6-500.0 7
Total 122.1 0.5-500.0 32

East-west 53.9 0.3-401.5 36

No.1 64.6 0.0-411.0 30

Geumbong No.2 65.5 0.0-749.1 45
No.3 121.1 0.0-750.0 28

Total average  76.3 0.0-750.0 139

No.2 59.1 1.2-199.8 6

No.3 94.3 0.5-857.1 86

Tacgeug No.4 80.6 2.2-387.8 17
No.5 96.3 0.1-847.3 105

No.6 327 0.5-471.3 56

Total average  72.6 0.1-857.0 270

*Number of analysis
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Alteration zone Biotite granite Subpropylitic

Propylitic | Subphyllic Phyllic

Primary minerals
Quartz

Microcline
Perthite
Plagioclase
Biotite
Hornblende

Sphene

[Imenite e

Alteration minerals
Chlorite
Sericite
Epidote
Hydrogarnet

.........

Carbonate
Rutile

Hematite

Ag. 4. Diagrams depicting a summary of alteration and mineralogical changes associated with quartz-calcite veins in Mugeug area.
Note that all zones are not necessarily present around a given vein.
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Flg. 5. Histograms showing the Au contents (atomic %) of
electrum. Note Au content of electrum show a decreasing
tendency from Mugeug to Geumbong mine. MG; Mugeug,
GW; Geumwang and GB; Geumbong
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Fig. 6. Back-scattered electron image of Mugeug mine
showing the the textural feature of Au-rich electrum overgrown
by Ag-rich electrum. gl; galena, Scale bars; 20 pm.
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Table 3. The Au contents (atomic %) of electrum and FeS contents (mole %) of sphalerite from Mugeug, Geumwang and

Geumbong mines.

. Atomic % Au in electrum
Mine

Mole % FeS in sphalerite Electrumsphalerite

Average S.D.* Range N**  Average S.D.* Range N#+  geothermometry (°C)
Mugeug 40.9 12.3 5.2-82.0 78 1.96 1.7 0.03-7.42 67 254
Geumwang 36.0 6.1 11.2-499 70 2.57 1.3 0.29-5.88 57 243
Geumbong 357 58 28.4-429 7 2.56 1.2 0.67-4.75 46 242

*S.D.=Standard deviation
**Number of spot analyses by electron microprobe,
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Ag. 7. Histograms showing the FeS contents (mole %) of
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Fig. 8. Sulfur fugacity-temperature diagram showing the
possible sulfur fugacity and temperature ranges. NAg:
atomic fraction Ag in electrum, XFeS: mole fractionn of
FeS in sphalerite. Bars indicate ranges of homogenization
temperatures from fluid inclusion and thicker bar represents
homogenization temperatures from main mineralization in
each mine. Thermochemical data were from Barton and
Toulmin (1964) and Barton and Skinner (1979).
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Ag. 9. Frequency histogram of total homogenization tempe-
ratures (Th) for fluid inclusions in quartz from Mugeug
mineralized area.
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Ag. 10. Frequency histogram of salinity (equiv. wt.% NaCl)
for fluid inclusions from Mugeug mineralized area.
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Fig. 11. Plot of homogenization temperature (Th) versus
salinity (equiv. wt.% NaCl) for fluid inclusions from Mugeug
area. Bars indicate ranges of homogenization temperatures
and salinity from Mugeug and Geumwang mine and thicker
bar indicates homogenization temperatures and salinity
from main mineralization in each mine.
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Table 4. Oxygen and hydrogen isotope data for various minerals and inclusion fluids from the Mugeug mineralized district.

. , o) 5180(%0)* 8D 8%C
M Sampl . M 1 R k
ine ample no. Mineral o ¥ 200°C 250C 300C. %) (%) emar]
M85012-5-A quartz 7.7 40 -1.2 0.8 -73 pyrite-rich sulfide band
M M85012-5-B quartz 7.9 -3.8 -1.0 1.0 -71 pyrite-rich sulfide band
USUE  MGE07-5X  quartz 1270 10 38 58 71 electrum-rich sulfide band
M8607-2 calcite* 6.9 -2.6 -76 -4.7 calcite vein
99GP7 quartz 8.2 -3.5 -0.7 1.3 -72 quartz vein, Aw;13.0 git, Ag;11.0 g/t
chalcedonic quartz veinlet, Au;11.0
99GP7-33 quartz 12.9 1.2 4.0 6.0 -68 alt, Ag:89.0 gt
Geumbong pgsog o quartz 65 52 24 04 -72 barren quartz vein
E8509-3 quartz 12.6 0.9 3.7 5.7 -71 Ag sulfosalts-rich band
99GP6-14-2 calcite* 69 26 -72 -5.1 calcite vein
TG9810-7-1 quartz 34 -8.3 -5.5 -3.5 -76 massive quartz vein in outcrop
Taegeu TGY810-7-2 quartz 4.1 -7.6 -4.8 -2.8 -80 vug quartz
U8 981G1 quartz 51 -66 38 -18  -67 barren quartz vein
98TG5 quartz 4.8 -6.9 -4.1 -2.1 -67 quartz veinlet, Au; 0.3 g/t, Ag; 2.7 g/t

*Calculated using oxygen isotope fractionation factors: for quartz-water at 200°C, 250°C, and 300°C, Matsuhisa er al. (1979)
and for clacite-water at 200°C, Friedman and O'Neil (1977)

At G FESAY, gt HSE4) -2 MY
dollAd AFHE A 2 uElAY A4 FHUARA
FAERFEY 4 FHHLEAE AN A
9 A 994 BAA AMRE EFAEE Vienna
SMOWel™, A9 xte] Mele Abat +0.1%°]2 +
& +1%e°1th 3 A FHYAe] BAv= 34
EHEAA AAR A we)t A gL 300°Cet
250°C, "WAde 200°C &5 AN 9945 3
S 714, Matsuhisa ef al.(1979)¢} Friedman and
ONeil(1977)e] #3840l 28 FsFA o gt 44
YL E AESAT

B2 Faljella Wi Mgol| 23 Fal5Ale 4
A 940380 129~34%= ¥izzE ZgA
WHalehs AL HoiFH(Table 4), ¥x E4)
3 H3AE e 22§ 250°CE 7S E5Y Aa
94N AR FFgANA 3.8~-1.%%, S5
oA 4.0~-2.6%, Bl=FANA -3.8~-55%FA €
FFboa £3] AFpol 2HE e FAUE
Hol3 g}, HhHef| 4 FHLAhe FF534 o)A
“T1~-76%, FEH2 A -68~-72%,, EF=EAtellA
67~-80002A ] Bt vkl XA Ugg FHUL
Bl {RAFT ) o) 9ol Shte AjHofaf F
¥ A4 (paleometeoric waters)?] 4 F91Q94H9}
= A2 A8l Ao Shelton ef al., 1988). A2l
Folelanle AT 521990) ATEHet YR)EH
-4.7~-5. %24 AF71de] BAg gt

0 Mugeug (quaniz}
0 O Geumbong (quartz)
A Teegeug (quartz)
® Mugeug {calcite)
@ Geumbong (calcite)
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Ag. 12. D, and 8'30,,,; of fluids derived from analyses of
fluid inclusions of Mugeug area. Note the 880, values
is plotted outside the primary magmatic water box and
show trend to approach the late Jurassic to Cretaceous
Korean meteoric water line. Note the lower 8'30,, ., values
and scattered ranges of ore fluids from the Mugeug area in
contrast to the higer 80, values and the lower Dy e
values and clustering trend in the Jurassic gold-silver
deposits (Taechang, Boryeon, Cheonbo mine). The larger
symbols means the isotope value associated with ore
mineralization. The solid horizontal bar represents §'®Oyger
values of gold-silver mineralization stage and the dashed
bar indicates 8'80, values of barren stage in Mugeug
mine from Kim et al. (1990).
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