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The Gold-Silver Mineralization of the Deogheun and
Beop jeon Mines

Hee-In Park*, Jeong Hwang* and Deog-Lae Kim*

Abstract : Gold-silver deposits of Deogheun and Beopjeon mines are composed of veins emplaced in Jurassic
granite batholith. Based on ore structure and ore mineralogy, four distinct stages of mineral deposition are
recognized in these ore deposits. Gold and silver minerals in Deogheun and Beopjeon-A ore deposits are
precipitated in stage III and stage II, respectively. Mineral constituents of ores from these deposits are pyrite,
sphalerite, arsenopyrite, pyrrhotite, chalcopyrite, galena, tetrahedrite, electrum, quartz and rhodochrosite.

Cubanite, argentite and pyrargyrite occur only in Deo

gheun ore deposits. Ag content of electrum range from

42 to 66 atomic % in both ore deposits. Filling temperature of fluid inclusion from both ore deposits are as
follows ; stage I, 211-2897C ; stage II, 205-290°C ; stage TII, 1902607 ; stage IV, 136-222C in Deogheun ore

deposits. In Beopjeon-A ore deposits, stage I, 255-305C ;

stage II, 135-2227C ; stage III, 148-256C ; stage IV,

103-134°C. Salinities of fluid inclusions range from 1.6-8.5 wt.% equivalent NaCl in both ore deposits. Sulfur
fugacities through stage II and III in Deogheun ore deposits inferred from data of mineral assemblage and fluid
inclusion range from 10-'°-10-'%!bars. Fluid pressure estimated from fluid inclusions which reveal boiling evi-
dence range from 30-190 bars during mineralization in Deogheun ore deposits.
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Fig. 1. Geologic map of Chunyang gold mining
district.

D Deogheun deposits (2 Beopjeon-A deposits
® Beopjeon-B deposits @ Chunyang deposits
1; miea schist 2 ; granodiorite 3 ; Chunyang
granite 4 ; ore vein 5; alluvium
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Fig. 2. A sketch of specimen from Beopjeon mi-
ne showing relation among the stage [-stagelv.
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Table 1. EPMA analyses of sphalerite from Deogheun mine(wt. %).

Stage Fe Zn Cu S Total FeS mol%
5.05 61.73 0.14 2.72 99.64 8.74
5.69 61.10 0.12 33.35 100.26 9.83
5.31 59.81 1.41 33.44 99.97 9.41
8.59 57.56 0.08 33.40 99.63  14.87
8.24 58.32 0.26 2.8 99.64  14.19
4.65 61.77 0.70 33.49 100.61 8.10
4.92 61.12 0.36 33.20 99.60 8.61

I 6.28 60.03 0.03 33.10 99.44 1091
5.05 61.19 0.05 32.77 99.06 8.81
5.40 61.01 0.08 33.05 99.54 9.39
8.23 58.58 0.02 33.35 100.18  14.12
7.76 58.74 0.03 34.04 100.57  13.39
7.18 59.98 0.2 33.61 10079 1229
8.89 57.74 0.00 32.90 99.53 1527
9.02 57.40 0.05 32.63 99.10  15.54
8.24 58.52 0.05 33.42 10023 14.15
3.11 63.86 0.07 3.2 100.26 5.39
0.94 65.78 0.00 33.17 99.89 1.65
1.08 65.70 0.01 33.25 100.04 1.89

m 2.37 64.07 0.01 33.49 99.94 4.15
1.27 65.79 0.00 33.47 100.53 2.21
1.90 64.23 0.31 33.01 99.45 3.35
3.70 62.19 0.60 33.51 100.00 6.51
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Table 2. EPMA analyses of arsenopyrite(wt.%).

HEE-F B SEX

Locality Stage Fe As Co Ni S Total As atom.%
35.70 42.19 0.00 0.01 22.19 100.09 29.72
36.13 41.56 0.05 0.00 21.87 99.61 29.45
Deogheun 35.49 42.92 0.02 0.00 20.82 99.25 30.84
deposits 35.76 42.68 0.26 0.00 21.89 100.39 30.10
I 36.11 42.28 0.01 0.00 22.15 100.55 29.67
36.47 41.55 0.06 0.00 21.91 99.99 29.33
36.29 42.75 0.02 0.00 21.77 100.83 30.04
35.54 43.19 0.08 0.00 21.81 100.62 30.45
36.32 41.48 0.05 0.06 22.34 100.25 29.13
35.52 43.06 0.02 0.01 21.73 100.34 30.16
I 35.92 43.33 0.01 0.03 22.12 101.41 30.37
35.78 43.28 0.03 0.00 22.77 101.86 30.05
Beopjeon—-A 36.35 43.24 0.00 0.00 22.26 101.85 30.21
deposits 35.83 43.02 0.02 0.03 21.61 100.51 30.32
I 35.63 41.93 0.02 0.00 23.14 100.72 29.17
36.19 42.16 0.07 0.01 22.74 101.17 29.17
35.42 43.23 0.02 0.00 21.74 100.41 30.69
35.64 42.13 0.03 0.02 22.46 100.28 29.47
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Table 3. EPMA analyses of electrum (wt.%),

Locality Au Ag Total N Ag
51.34 49.16  100.50 0.64

49.20 51.34 100.54 0.66

68.51 32.27  100.78 0.46

Deogheun 68.27 30.78 99.05 0.45
deposits 68.66 30.65 99.31 0.45
67.38 33.34 100.72 0.47

68.70 31.24 99.94 0.45

52.22 47.60 99.82 0.62

53.62 46.76 100.38 0.61

55.39 45.28 100.67 0.60

63.91 35.24 99.15 0.50

Beopjeon—-A 66.15 33.15 99.30 0.49
deposits 63.13 37.57 100.70 0.52
65.29 3492  100.21 0.49

62.41 36.29 98.70 0.52

63.93 34.92 98.85 0.50

(Table 4), WAL As atomick% £ 30.05~30.370]th
( Table 2).
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Table 4. EPMA analyses of sphalerite from Beopjeon-A deposits (wt. %).

Stage Fe Zn Cu Mn S Total FeS mole%
11.13 55.55 0.01 0.41 33.05 100.15 19.19
11.32 55.60 0.01 0.40 33.71 101.04 19.00
11.44 55.11 0.01 0.48 33.63 100.67 20.00
I 9.48 56.85 0.06 0.44 33.72 100.55 16.16
10.87 54.99 0.04 0.42 34.15 100.47 19.39
10.48 55.77 0.07 0.45 33.49 100.26 18.18
10.69 56.19 0.01 0.04 34.17 101.10 18.37
10.81 56.04 0.01 0.29 34.07 101.22 18.18
5.75 61.15 0.08 0.10 33.40 100.48 10.00
7.62 59.25 0.02 0.42 33.37 100.68 13.13
I 7.75 59.19 0.00 0.01 34.33 101.28 13.27
7.03 58.36 0.66 0.20 33.85 100.10 12.50
9.32 57.29 0.00 0.09 34.00 100.70 16.16
9.11 56.49 0.00 0.12 33.58 99.30 15.46
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Fig. 3. Paragenetic sequence of minerals from
Deogheun mine.

Stage

Stage I | Stage II | Stage III | Stage IV

Minerals
Pyrite
Arsenopyrite —_ — -
Sphalerite — —_ _
Chalcopyrite S J— -
Galena _
Tetrahedrite -
Pyrrhotite -
Electrum _
Rhodochrosite —
Calcite
Quartz

Fig. 4. Paragenetic sequence of minerals from
Beopjeon—A deposits .
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Fig. 5. Salinity of fluid inclusions from
Deogheun and Beopjeon-A deposits.
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Fig. 6. Filling temperature of fluid inclusions
from Deogheun and Beopjeon-A deposits.

£ =

Fpuge] FE3e JELEBK - A FKol
st ol HES W8-S SR ol 2ok

¥ RS BT BHERERY 22E N5~ 3BWH
9 93¢ FAY MRFLS I FRS 4ol 22 &K
LR o1 EAIRS L. Skt bk This
e 2% A EESLEY doh FHe PR M
AT RS OF fusie AR BRss Z2e
% ANFEL T2 A FYLROIT. KEH— A RK

3 9EFRY F8 SPFLERAS 27 THe M
o]Fo] Frh ANAEHL F AN ZF AT B
& FRBAE A, JAERY Ag FFE v o] 45
~66 atomic %} Ml Eth
sy TEREE 9E34Y A [#He 211~
289C, e 205~2%0C, e 190~260C, Nifie 136
~222Colt}. BH— AR 4 1#e 255~305C, 1
e 130~222C, Ml 148~256C, Ve 103~14T 0]
=8
HERA g1, D Hme 3549 R
o IN:, o WiVt BHE RWETADS FEEE:
240~280Colth. o] RET BNFES 234 g+ Ao
2 1, I LfERY 252 21538 & ok il @
KERE BolA gv MBTADS FEEE dids
BEIRES stdof A L8 78 & . 234 9&
321, 19 meaans HeEEs 24 4t A9
FTHERET BREES 2v I8 TEEES 2 o
£ 24 ged. o I, I 599 HitiEl 3
71947 7tele] zAd] URAY A T FolA B
{LfERIol olRolH & 7heAol Ueg Sdth 9EF4
I, T8 2=7} vlud Fohs Bt opel, AAFERY
TZ7t WSS, REHESS P~BEKERRS 4
£ 4 5lE 72E 20 Je Aoz Hel, A B3|
9 FAEREY FHLE N BEMHEE 2AYL
< Ao q}dr. getd 2z B39 FAZAE TR
BEE HRERRES 2 o7l 9g Aoz B,
Barton and Skinner (1979)7} AA 8 EEATH FA=
PREEsAE S FeS mol% 9 Tis, ¥4 A3} Filsakan
B 348 FREREEES ol 43ty 78 9&34 &kl
B9 2=¢ FREYL 205~20TC, 107-°~107" hars o
I, FLlE= 190~260C, 107'~1077 bars o] tH Fig.7).
olftel = YER3 HLINMY Frols KBA, PIsL
A, AHER, EFG0] 425y, o/ FESo] ¥4
oA FAde FAE AL F o] o5 AR
< WERMEF( Barton et al. 1964)2 o] 838}7] otk ¢
TR} EH— ASRRS FAEFole XBE-PImE—
BiRtEG e FpteREel slod, ok 9 7148 &x
23NN HEREFE olgd7d 3FH g
( Kretschmar & Scott, 1976, Zachary D. Sharp et al, 1985 ).
HEd eI, [ mesigs 2+ fiaagye
FORIREE(240~280C ) 9} SRILHEES) 7 NaCliE S
BE(5wt% )€ Haas (1971)9] NaCHHL0 A9} #Age] A4



32 HER - E B S8k

Sultur tugecity
.
3

4
2
v

Fig. 7. Sulfur fugacity—temperature diagram
showing the possible range suggested by sphale-
rite FeS composition and filling temperature of
Deogheun ore deposits

Sulfidation curves are from Barton and Skinner
(1979).

II(D) ; filling temperature of stage 1I
III(D) ; filling temperature of stage III
FeS mole fraction

a; 0.02 b; 0.07, c; 0.16
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ML, 2%, pH, F3EU5(Henley, 1973; Seward, 1984;
Cole & Drummond, 1986 ))¢] o] 2) #idHike] Tt &5
o Hlgte o %o Adse] du, FEkEHE tinls} Slo]
RV EOARE AAY F AAed wed, 9E, EH
—AFRAME 442 o B 79 Eagkpol EH
10 el FhRR A AT BEd A A
R3INE 7heA, 3) HRERTS AAARY ojd 7]
AF 7Fsd Fol dou, drIdE 99 o= 274 |
A=A FAx) g

A AFAoN A2EE dPdEd (LBERS A
22 Hste], o5 JAEPY s PIEERY 1t
ARSIk A E 0.1~0.7 mol% FeS, HEBA
AME 1.65~6.51 mol% FeS 24 FA4o] wal 247} 9lck.

IR SREILIe) HIBaEY FRIER(239~310T)
¢} NaCl g BEERE(5.1~12.8wt% )= ©E, EH— A%
Kol AR ok @RS KlEaEm TEREE: %
659 NEfn—EE8aBHRa—dEld Shitier
o P EHA ARE /T 7 L& (A08~298T) 9} o)
Az 22 W98 2et(ibs, 198). ol Hieahol
LIRS Z714FA 717ol9) ol AU Ao ks
HARXAY FWEREE 7L ARAAN AL Zoge 7}
40 A5S EI Do wiEY ALY v B
fLifhee) WHEE7T Ao st PR 7to)o) glo)
Pustat = Pryarostatic ATHH, NaClHE HEBE 10wi% o) &
LHiH87} 310CH-2ol A BEigshA ™ Haas (1971)9) Ao
E}‘% Ej]% Ptofalzphydrostaﬁc g.“ﬂ 90bars, @E 1050 m
7h €tk @9, o) HEANM P = Pigosaic 29 BESH
2 280 bars A& Zoltk. B871130] AA 2 72 EH
2 0~20bars A1 A& Aolth. waby MRS Lok
L] PT M-S A&d HBYE2 9o 2R

0 2% B%ee ¢ 4
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FLLEIRENS TCREREC e LERs
FRERES ANz AV de B~TBkgKY
Aoz Az ol oK Kim, 1971, Kim, 1986 ). L} #
Ko K-ArFle 84~93Ma (Fi5, 1988)2A HEERS
9 Fpde PRI FERT FEAKS  polyascending
o 93te] 4 HWRIRSEA A HEs LEmee
BERE, REHEE 7MY, SKY AREET 103~
0CHN=A h~BRKERY Aoz AZdEd.

FEFFRENIAE FE 229 9E, EH- A%
REch Fa%e) S @HRol KA P, Tl
FILHiHES] BRE7} 2% ozt B8 AYS Zer)

# 5

L &FEugel 9E, BH- ASKS EREERY N5
~3BWA # & FES RIRGERK I,

2 F FRAAM FLERL 4l 2A o]79A L,
0 SHEFEFRS BH- AR [#, 9&3d4e
el A1t

3 F FKAA EHiEE S8 A9EYT 230
BERA, BRIEACIT JdAEYY Ag FFe )iy 45~
66 atomic %4 9] o]t}

4. FEFENS WEPHIZS Hasne FOREE,
NaClHRE ERRE, fs, o AAEE 27 dEgape) A
F 190~290C, 1.6~8.3wt%, 1078'~107%" bars o] W, ¥
H— AZKRS ZA$E 103~305C, 2.8~8.5wt% |t} o]
T SRR BE, v 93349 4% 190~
20T, 107!~107%" bars 0], ¢HZA-L 30 bars o} A1 190
bars AlolRE Aoz FAHL,

5 YEBARS HH- AKS R FLHRKE
A SHFFRS F~BBKEKY Aoz FHHY.
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