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ABSTRACT : The Mugeuk mineralized area that associated with the pull-apart type Cretaceous
Eumseong basin is composed of several gold-silver vein deposits that are emplaced in late Cretaceous
biotite granite. The gold-silver deposits in the area show various hydrothermal alteration zones as well
as Au/Ag ratios and ore mineralogy. The Geumbong mine showing relatively high gold fineness is
composed of multiple veins and show alteration pattern; vein — phyllic — subphyllic — propylitic —
subpropylitic zone. In contrast, The Taegeuk mines show the low fineness values, in far southern part
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are characterized by increasing tendency of simple and/or stockwork veins. The deposit displays
alteration pattern; vein — propylitic — subpropylitic zone. Variations of alteration zone with depth
show that phyllic zone are dominant in deeper level and propylitic zone sporadically overlapped by

argillic zone are dominant in shallow level.

The differences of alteration pattern between the

gold-silver deposits are reflect the evolution of the hydrothermal fluids; the ore-forming fluids of the
Geumbong mine are at relatively high temperature and salinity and highly-evolved meteoric water,
developing phyllic zone, the Taegeuk mine containing greater amounts of less-evolved meteoric waters
shows relatively low temperature and salinity in ore-forming fluids, developing propylitic zone. The
various physicochemical environment for gold-silver mineralization in the Mugeuk mineralized area is
due to proximity from heat source area (Mugeuk mine) to marginal area (Taegeuk mine) in a
geothermal field. Therefore, it is suggested that the criteria for project exploration in the area are to
focus on the area proximal to heat source and phyllic zone.

Key words : Mugeuk mineralized area, hydrothermal alteration, gold-silver mineralization, ore-forming

fluids, hydrothermal systems
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Fig. 1. General geological map of the Mugeuk mineralized district. MG =
Mugeuk mine, YI = Yuil mine, GW = Geumwang mine, GB = Geumbong
mine, TG = Taegeuk mine. Black colored line indicates productive gold-silver

vein and their vein number.
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Fig. 2. Histograms of comparative annual production for individual gold-silver deposits from

the Mugeuk mineralized area.
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Fig. 3. Photomicrographs of each alteration zone showing mineral assemblages from the Mugeuk
mineralized area. A: calcite, kaolinite and chlorite assemblages in argillic zone. B: biotite partly replaced
by chlorite in subpropylitic zone. C: chlorite, illite and microcline assemblages in propylitic zone. D:
albite replaced by epidote in propylitic zone. Note relics of albite twin. E: back-scattered electron
image(BEI) of illite(sercite) in subphyllic zone. Note chlorite relics exist in illite. F: illite in phyllic zone.
Scale bars=0.5 mm. Abbreviation: ab = albite, bt = biotite, cal = calcite, chl = chlorite, ep = epidote, kao =
kaolinite, mc = microcline. qtz = quartz, ser = sericite, sm = smectite.
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Fig. 4. XRD patterns of each alteration zones. A: sample from argillic zone.
B: sample from argillic zone in fractured zone. C: same sample of B solvated
by ethylene glycol. Note ~12A peak moving into ~14A peak. D: sample
from subpropylitic zone. E: sample from propylitic zone. F: sample from
subphyllic zone. G: sample from phyllic zone. See Fig. 3 for abbreviations.
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Table 1. Chemical compositions of hydrogarnets and epidotes in each alteration zone from the Mugeuk area

Sample#  TG98-14-1 TG98-14-1 TG98-4-1 TG98-4-1 TG98-4-1| TGI98-14-1  TG4-1 TG4-1  TG98-5-17
Analysis# 11-16lde35 11-16lde38  ldell ldel6 1de20 11-161de31 9-2lde21  9-21de34 Ide7
Location s-pro S-pro s-pro $-pro $-pro S-pro S-pro S-pro pro
SiO; 34.37 34.65 3430 35.12 35.29 37.58 37.96 37.48 37.83
TiO, 0.54 0.40 2.84 1.88 2.00 n.d. n.d. n.d. n.d.
AlLO; 8.50 8.84 9.51 9.55 9.38 19.00 22.72 23.59 23.19
FexOs 20.71 20.99 1541 16.80 16.77 18.67 14.18 12.74 13.69
MnO - - - - - n.d. 0.28 0.23 0.38
CaO 34.14 33.53 34.22 34.41 3443 22.51 22.46 23.07 22.65
NaO - - - - - 0.35 n.d. n.d. nd.
Total 98.26 98.41 96.27 97.75 97.88 98.10 97.60 97.10 97.74
Numbers of cations on the basis of 12 O Numbers of cations on the basis of 12.5 O
Sir 2.84 2.86 2.86 2.89 2.90 3.04 3.03 3.00 3.02
Alr 0.16 0.14 0.14 0.11 0.10 - - - -
Sum T 3.00 3.00 3.00 3.00 3.00 3.04 3.03 3.00 3.02
Aly 0.66 0.71 0.80 0.81 0.81 1.81 2.14 223 2.18
Fe’" 1.29 1.30 - 1.04 1.04 1.14 0.85 0.77 0.82
Ti 0.03 0.03 0.18 0.12 0.12 - - - -
Mn - 0.02 0.02 0.03
Sum A 1.98 2.04 1.94 1.97 1.97
Ca 3.02 2.96 3.06 3.03 3.03 1.95 1.92 1.98 1.94
Na 0.05 - - -
Sum B 3.02 2.96 3.06 3.03 3.03 2.01 1.94 2.00 1.96
And% 64.86 63.77 49.81 52.78 52.64
Gross% 35.15 36.23 50.19 4722 47.36
Ps* 0.40 0.30 0.30 0.30
*ps = Fe’/(Fe +Alw)
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Table 2. Chemical compositions of the representative chlorite and sericite in each alteration zone from the

-Mugeuk area

Sample # TG98-14-1 TGY8-14-1

TG98-4-1 TG98-13-9-1 TG98-5-1 | TG98-5-1 TGY8-13-9-1 TGI8-13-9 TGI8-13-9

Location $-pro $-pro pro s-phy s-phy chlorite chlorite feldspar feldspar
SiO, 27.17 26.18 27.32 26.14 25.03 51.18 51.07 47.63 49.02
TiO;, n.d. nd. n.d. nd. 0.27 n.d. 0.28 nd. nd.
AlLO; 17.00 16.34 16.73 20.90 18.78 31.08 30.91 33.89 31.23
FeO 27.84 3041 27.30 29.92 32.29 1.64 1.59 0.70 1.34
MnO 0.43 0.70 0.37 nd. 0.00 - - - -

MgO 14.63 12.57 14.96 11.76 9.47 1.30 1.30 0.64 127
CaO nd. n.d. nd. nd. nd. - - - -

Na,O 0.37 0.35 0.51 0.38 043 - - - -

K0 n.d. n.d. n.d. 0.13 0.14 8.19 9.63 10.54 10.13
Total 87.45 86.55 87.19 89.23 86.42 93.38 94.77 93.40 92.99

Numbers of cations on the basis of 28 O

Numbers of cations on the basis of 22 O

Si 5.84 5.80 5.88 5.54 5.59 6.79 6.74 6.41 6.63
Al 2.16 2.20 2.12 247 241 1.21 1.26 1.59 1.37
Sum T 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Aly 2.15 2.07 2.12 275 2.54 3.65 3.55 3.78 3.60
Ti - - - - 0.05 - 0.03 - -
Fe** 5.01 5.64 4.91 5.30 6.03 0.18 0.18 0.08 0.15
Mn 0.08 0.13 0.07 - - - - - -
Mg 4.69 4.15 4.80 3.71 3.16 0.26 0.26 0.13 0.26
Ca - - - - - - - - -
Na 0.16 0.15 0.21 0.16 0.19 - - - -
K - - - 0.04 0.04 139 1.62 1.81 1.75
Cations 20.08 20.14 20.11 19.95 20.00 13.47 13.63 13.80 13.75
Fe/(Fe+tMg) 0.52 0.58 0.51 0.59 0.66 0.42 041 0.38 0.37
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982 AARITHFig. SB). & shgenteles) AEdE BdAow 43
o] H23 WAl T2 IFEAY Aol
4G e BT #sl 54 Azdd 229290 TAs Uit 4
e math BF P H¥ AFA2Y @

%% A8 HAnE £A40z dolg  GHAAL AUue EAes mEadYN)
QA BT S4E Boln] olgd I5WA  SART FRAM AR ARPIIHE
ool #74 Wk mo AR B35 A r:m Z2gelgu} $A8 P9 BaTkFig
o Bl - sh5by QBAY) N1QPT TR SAAS AY - Pl AU FA
% AFASAAT AAE TH05 GeE  om FEASE Zeddgd LAND S0
Ik FASA AL G2 AABAAE o} A et wEse e 4
dLRoh $AS WESE S92 woln A shrold B3 4419 55 dskeg o
Fie 6 210 4o ALRAN Hoaid 4o, 24 Puel AduAAe sdaee &
e% Bas A pH 27l 1908 2%z 3 o4 109 B3 449 FR8 e Aoz o)

— 274 —



YIOA NIOM¥O0IS
10 uidA 28Uy

A
B.0t1.1 feldspars and
@ biotite stable
B
E
) - B.ott.x feldspars and
@ biotite stable
: &y
C

br| Both feldspars and

@ biotite stable

 No reaction

Sericite stable

D ——pPro T

Geumbong

Ph+

No reaction

Sericite stable

uaA xajdwo)y

Interior of wallrock

late early fate
ey

Time

Fig. 5. Block diagram for changes of alteration mineral assemblages. Note the overprinting occurs with
time as long as system is active and reactions occur, See Fig. 3 for abbreviations. Ar = argillic zone, Ph

= phyllic zone, SPh = subphyllic zone, Pro = propylitic zone.
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Fig. 6. Spatial distribution of alteration zone with depth and width from the Taegeuk and Geumbong mines.
See the argillc zone confined into upper level.
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Fig. 7. Plots of log a(Na'/H") vs. temperature and log a(K'/H") vs. temperature for the system Na-Al-Si-O-H,
K-Al-8i-O-H and quartz saturation.
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Fig. 8. The various patterns of alteration zones from the Taegeuk(A) and
Geumbong(B) mines. Note the wide ranges of phyllic zone in the Geumbong

mine compared with the Taegeuk mine.
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Table 3. Types of alteration pattern

A Type Al Vein-Propylitic Z.-Subpropylitic Z.-Biotite granite
A2 Stockwork Vein-Propylitic Z.-Subpropylitic Z.-Biotite granite
B type Vein-Subphyllic Z.-Propylitic Z.-Subpropylitic Z.-Biotite granite
C type Vein-Phylitic Z.-Subphyllic Z.-Propylitic Z.-Subpropylitic Z.-Biotite granite
8 —
Au content(ppm)
- >20
¢ & 10~20
e - 1~10
: d
3
o 4
2 A2
=
A2
2 — s
Al . 7
o«
0
A B C

Types of alteration pattern

Fig. 9. Frequency of Au contents(ppm) in various types of alteration pattern

from the Mugeuk mineralized area.
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