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Fluid Inclusions of Dachwa and Donsan Tungsten-Molybdenum Deposits

Hee-In Park, Suck-Won Choi and Deog-Lae Kim

Abstract: Mineralization of Dachwa and Donsan W-Mo deposits can be devided into three distinct
depositional stages on the basis of mineral paragenesis and fnid inclusion studies ; stage I, deposi-
tion of oxides and silicates ; stage I, deposition of base-metal sulfides and sulfosalts with carbonates:
stagell, deposition of barren calcite and fluorite. Tungsten, molybdenum and tin mineralization
occurred in stage . N

Fluid inclusion studies reveal that ore fluid of stage | were homogeneous HyO-CO, fluids contain-
ing 3.6~14.6 mol % CO,. Minimum temperature and pressure of stage I ore fluids were 240°C
and 500 bars respectively. Salinities of aqueous type I inclusions in minerals of stage [ range
from 3.7 to 7.6 wt. % equi. NaCl, whereas those of COs-containing type Il inclusions range from
0.3 to 4.4 wt. %. Temberatures of stage I ore fluids range from 200 to 305°C on the whole
and salinities were in the range of 3.2~7.2 wt. %. Homogenization temperatures of fluid inclusions
in calcite and fluorite of stage Il range from 114 to 186°C and salinities were in the range of 0.9
~4.3 wt. %.

Sulfur fugacities during stage I deduced from mineral assemblages and tamperature data from
fluid inclusions declined from earlier to later in the range of 107'~1071% atm. Fluid inclusion evidences
suggest that the dominance of CO, in ore fluid during W-Mo mineralization is the characteristic
features of Cretaceous W-Mo deposits of central district of Korea compared to those of Kyeongsang
basin district.
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Table 1 Summary of minerals, number of specimens
and number of fluid inclusions tested.

Number of

Host minerals Nug}fber Nm:fber inchl'sio—ntest.ed
specimen | plates Freezing|Heating

run run
Quartz 42 112 568 1,102
Beryl 4 14 33 38
Cassiterite 4 6 5 13
Scheelite 4 13 47 50
Fluorite I 6 18 43 53
Siderite 3 13 5 13
Fluorite I 2 4 22 24
Calcite 10 47| 44 76
Fluorite 1 5 25 7 40
Total | g 252 77 1409
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Fig. 1 Microphotographs of fluid inclusions.

Primary type I inclusion in stage I quartz.
Association of type I and type I inclusions in
stage | quartz; these inclusion have similar
homogenization temperature, thus indicating im-
miscible separation.

Primary type I inclusion in stage [ quartz.
Primary type [ inclusion in stage I quartz
containing anisotropic solid phase.

Primary type I inclusion in beryl containing
anisotropic solid phase.

Primary type I inclusion in cassiterite.

Primary type @I inclusion in scheelite.

Primary type I inclusion in fluorite 1.

I. Primary type [ inclusion in fluorite I attached

to needlelike crystals (unidentified) which show
weak birefringence; these crystal aggregates are
arranged parallel to the growth layer of host
fluorite.

J. Primary type I inclusion in siderite.
K. Primary type I inclusion in calcite.
L. Primary type [ inclusion in fluorite II.

G : Gas phase, L : Liquid phase,
LCO; : Liquid CO., S : Anisotropic solid phase

* Scale bar at the base of each photograph represents

50p.
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Table 2 Summary of salinity and homogenization

W-rich veins

229

Mo —rich veins

temperature.
:7\ Inclusion
\ __ D22l salinity? | Th(°C)®
Min. Vein ~—_Type
No. 4 I |3.2~7.6 | 230~298
W vein (4W) | Il | 0.9~4.4 | 254~293
Goosae I |3.2~6.7 | 230~263
W vein (GW) | I | 0.3~2.4 | 251~291
Qtz
Dump I |4.6~7.6 | 226~294
I | 1.3~4.2 | 240~308
@ Boryeon I |3.9~7.9 | 233~304
E W vein (BR) | I | 0.7~2.8 | 254~203
=
S Beryl I |3.7~6.0 | 275~334
= I | 1.5~2.0
Cassiterite 1 |5.8~6.4 | 261~328
I | 4.0~4.2 | 267~268
Scheelite I | 0.5~1.1] 250~300
Fluorite 1 I 2.7 242
O |1.1~2.0|246~274
Siderite I |4.2~6.1 ] 210~265
Calcite I]0.9~2.9|122~186
Fluorite I 1.0~3.2 | 114~158
Mo No.1 I |3.9~6.1 | 229~260
vein (DMol)| T | 0.7~2.4 | 234~296
=]
§ Mo No.2 I |4.0~7.2| 228~263
R |vein (DMo2)| Il |-0.3~2.0 | 246~298
N Mo No.3 I |4.0~6.3]234~279
2| | |vein (DWo3)| I | 0.5~2.2 | 238~296
B
_: Mo No.3 I |4.2~6.7 | 226~260
2 _;a‘ vein (TMo3)| W | 0.7~2.0 | 242~285
o [}
= S Mo Noa | I 4.8 | 240~258
vein (TMod)| I | 0.5~1.3 | 253~279
Fluorite I I |0.7~2.6 | 245~288
Fluorite I I |1.6~4.2 | 195~218
Calcite I |1.0~4.3] 118~183
Fluorite 1 I |0.9~1.4 | 121~141

1) NaCl equivalent wt. %
2) Homogenization temperature

e 18 3 IEEEHS HHERN CO, Kikyel

B, WkE FHikd ke BHRES HMY AS
HEad 2 ERES vebiA 29 (Collins, 1979).
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Fig. 2 Salinity of fluid inclusions from tungsten and
molybdenum veins in Daehwa and Donsan
mine,.
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&3 IHEFHS SHERN COXy AEREE
7} 10°CE 9 Zlo] Kifgolth #ilgd H0-CO%
ol Al CORLHe] BIRREE FRdl COKk{kt, HO,
%HRCO,, CORE/T XET BB,
4] 10°Co] &} (Takenouchi and Kennedy, 1965b; Collins,
1979). o 7)o EE{k4pyol Hin=2 BB invariant point
7} 10°CE ) olA Al =t} (Bozzo et al., 1975). K&
AR GilaEEDY CO: Kihe =& HEE~F 10°C
LlEel AL Collinss} #5f5gt whs}zre] CO, Lhoto] o
€ e HEEE HHE(eg. CHy HS, SO:5)° &
B SEE QS WhEtkel . =3 o= B
Kol KERARS WBEAEDIAT B FEid
#HiAE ¢ 5 dvh

GHERGR REEEHS) NaCliig BEEE: Ta-
ble 2 % Fig. 29 25 ol % %o} 23elA nolF:
utelb o] FHES MiEA, A, BES LB &
HE $%+d 2e18 185 [1RFHHY ERE
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Table 3 Carbon dioxide content, homogenization temperature, and density of stage I ore fluids.

. niza- :
Semple loeon | SRV ot | Stge [Pfon Numben O conent o et Densy
No.4 WOs vein awsi-1| otz [ 1w | 10 | 5.3~7.3 | 258~271 | 0.81~0.88
aWS2-1| #» | 1(®B)| I 4 | 10.5~11.0 | 283~291 | 0.79~0.87
AaW-2L2| 1M | W 1 7.3 274 0.82
Goosae WO vein K1 vl oW 2 | 3.5~4.1 | 266~268 0.81
SGWS-1l # | 1M | I 2 | 7.9~8.9 | 268~269 | 0.80~0.84
Dump D11 v | 1(E) ] " 1 53.2 284 0.63
1 7.4 203 0.79
D20 rol1aw| & 2 | 4.5~49 | 257~266 0.81
D43-1 ” (D i 1 8.4 297 0.81
D432 | # | 1(E)| & 1 14.6 305 0.73
D44 vl 1o ] S 2 269~271
1 57.9 270 0.59
D47 no 1) ] S 2 | 65.5~66.9 | 254~256 | 0.53~0.56
1 247
D51 v l1aw | o 1 5.9 267 0. 86
Boryeon vein 220-9 " o 3 | 7.3~8.8 | 277~288 | 0.80~0.82
18-02 P I 1 6.3 263 0.85
MoS; No. 1 vein S3-1 " I 3 | 3.5~6.3 | 267~270 | 0.83~0.85
MoS; No. 2 vein Mo2-1L1l 1 u 3 |10.5~10.6 | 278~281 | 0.83~0.87
MoS; No. 3 vein S2-1-3 | n I 5 | 4.5~9.4 | 273~289 | 0.79~0.86
Goosae WO3 vein SGWS-3! Sch I 1 ! 6.4 267 0.81
No. 4 WO; vein 4WM2 Be big 1 ] 6.4 255(De) 0.89

Qtz : quartz, Sch : scheelite, Be : beryl, (E) : early,
(De) : decrepitation temperature.

e 2 ER U KMoz 2 4 [ Mahy
NaCli# EREE 3.0~8.0wt.% Alololn], [ Hif
FHL 0.5~4.0wt.% Atololch. WHIE= MoMEik A+
oldl & E#kE] Slol E %ES g 9 MoMR
A EEEHEH BMEE LR 3wt% NTF=A W
FikS! DIREHY] BMEER T e 2o: Qe o
T RE ol W FBE el WEAEH
NaClif¥ BMiBRE = 4.2~6. 1wt %2 B9 Fx
ol wEd 1 HMaEYS BEE REXN =3, %
BES BRI 2 04 943 WEEEHY NaClif
H BREE 0.9~ 3wt %2 WY RE gmEd @
29 [ HEFEYS HlEEc 2o

CO; BEES molar volume

HBEEHS COBES EHl: Hie o 2] 7} =)
7 Slet, o] BoEel A Kelly et al. (1979)9] #i:
o weh WMo FAE 2 KER, SHESA @8
2 MESHYN B COME (mol %)) #usHye] 7+

M) : middle, (L) : late, IS : immiscible separation

& T3 Btk AEHES COBER HmEss B
A WES] & CO#9) [ES Quinn and Jones
(1936)9) Ehlel tke] HHstth. CO.4go) BELX
e IHEER BBE, FHE CoOgEs Eisk
o] COAREES Hsle] ket weld oleat Fpko
E RHE 1 MuAH) COMEE 1.7~2. Tmol %7}t
Hu, ol BHY 5 9t BAEEA B olBt}
%g Aot

HRA A EHEE LR 1Y Fst KEFR, &
el BEd 2COEEYY COMEE Table 39
. KA HolFE ulebzo] I HEEHE 53.2~
66. 9mol %, NEEHH-E 3.5~14. 6mol %=X, D&
BHEHY A FHEE 7. 5mol %]},

HEA "G COMES 71Xz IHEHEHY
molar volume& F3) o Fig. 3¢} 2. 29 A I
HEAEHS molar volumes 22.2~30. 3cm3/mole] ®
AZA, kif5ol 23~26cm3/mol A}o]o] fersl o
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Fig. 3 Estimated molar volume of typell inclusions.
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o Cet
5 £
T m- I
o St o R R |
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HOMOGERIZATION TEMPERATURE ('C)
Fig. 4 Homogenization temperature of fluid inclu-
sions from tungsten and molybdenum veins
in Daehwa and Donsan mine.
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Ay H—LBEE MES Leitz@it® Model
SM-Lux mm#Ese A MR &8 %
HBEHEYe BH—(LBE L Table 2 ¥ Fig. 49 7t}

ol F K9 z#AA o FE ulobgo] WHEs Mo
BEIR Aolols H—(LBEA Qo] & EEE nolH
e FEdd med 1HMI [HeAEH Bt
BE = E827 Ao ke z 1HEHH B—
{EBRES 230~270°C Atelo]™, NH#M@EAEHLS 250~
300°C Afolol o}, wbwddl FHAR AN E [HY IRE
Hipiel B—{LiREY ER/ ¥9=2 ¢, ¥4 IH
WEYY BH—{LBEYE 247~300°CE FHfEs IR
9 NEHEAEH BH—BEd o & 2RE RolA
ZEdh olHT HEL I1REHH =FA4 BHEd:
A3 BWHAA £ A, BeHldE: RAENez it
el FEMBEL AALE REsts, old 3
COy7t BES W8 (COs-rich fluid) s} ¥ 8 (aque-
ous-rich fluid) 7} SEE= IS E ¢ + AT KRS
ZaP g9 [Hafys H—LBREE &% 275
~334°C, 261~328°C2A F#dd @es IHaEE
HrRo d4 . KERT 243 IHGEEHY
H—(LBEE 250~300°CZ Fidd @ed [HaF
e B—LBRE BEY 2. BE I a8 1
M3 BREEHS B—LBEE 242~288°CE Hik
el mEd IHEESHY B—(LBE BBXG =d9.
B & KFE ZRE ©el [ HEEHY
BH—LBEE 210~265°C2, R @gd 118G
Fs ERE vzt FRol 2% woh. Mo#ike]
BEIF B89 [ MEEYY H—BEE 19~
218°Cz R%E3 ZEHHET Gl 1BaE%d B
—(LBERD ¥k JEPIY HRES S8R0 &
&9 [REEYS H—LBEE 114~186°CE REY
#o] 2 EHEF AY 2 BES 2

d FEM o el @4l CO. aHH

Number of
Inclusion
=

W
|

27 28 29 30 31 32
Temperature(°C)

Fig. 5 Homogenization temperatures of CO, phase
in type I and W inclusions of stage I
quartz. (Solid square; homogenized to liquid
CO;, open square; homogenized to gas CO,,
half square; critical homogenization)
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Table 4 Salinity, CO, content and homogenization temperature through mineralization stage I, 0, 10.

Mms(z; aglézatlon Inclusion type Host mineral , Salinity? I C(()fn:lo I%e)nt te?nn;)gg:gf:(l"o(?)
I 3.7~6.0 278~334
Stage [ (E) I Qtz, Be, Cs 2.8~3.0 53.2 284~300
i 1L1~4.2 6.4~14.6 265~308
I f | 54~T. g 240~294
Stage | M) I Qtz, Sch 3.4~3.6 57.9 267~295
i} 0.7~4.4 4.5~8.9 254~300
- T R N R it Y N
’ I 4.6~7.3 232~269
Stage [ (L) I Qtz,Sch,F1 1 1.8~2.6 65. 5~66. 9 246~256
)i§ | 0.3~4.2 3.6~4.1 240~288
Stage 1, | I | sid, ot so~12 | | 210~265
_— ! —_— T
Stage 1 l I | calFim | 09~a3 | 1a~1ss

i

Otz : quartz, Be : beryl, Cs: cassiterite, Sch : scheelite, F1 [ : fluorite I, Sid: siderite, Cal : calcite‘

—

Fl 1 : fluorite 1, (B : early, M) I Middle, (L) : late, 1) NaCl equi. wt. %

A COMMY BH—(LiBES WEsho ¥k Fo
wad 183 I#EEHY COige H—{LiEE W
ERERE Fig. 59 2ok 2349 o] ¥ CO,9
R COZ B—bd = mapysa BH—LBEE 4%
27.7~30.1°C,  27.6~30.8°Co) c}. A B4 (critical
phenomena)-¢ 0] WEHES BH—bBES 30.7
~30.8°C24], M3 CO,9 FEFHBEE (31. 04; Dean,
1979) el 7t4te}. webA) Higdho] maw & COu%
Bele Lol o2 miEe) mmps WEel A wag
Hel g4 #ee & % 9. RKER #std = CO,
el H—{LBE Alee AEFTH o}, COEH0) A
< HA 2 KHECO9 KHCO,0 Bl olzy m—
LREES MEstA Zagoh

FCHMP wiemiee @mmD RE, BHe My

Aol A dolxdl mmasye B—blE, B
COMMES A 2 Stk apm o) 2 F JeEge
WHIRS St B fRel BImix o] iR EEsld 3
o Table 4 9 Fig. 69 7. Fig. 6914 sty
+ BT R gEs A BB Bty
o REMBR LS (s Baele EIH T A,
B, KER, BEI, EBLT B 29 pm
o SREBRE A & Paye) A S e = 4
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°l 2NN BgAE upolzo] LT I = A
BLIT BfIAR Ao o) B—(LBEE 357~210°CAH
olol Al iy BMSA Golx m, FPI AN =
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Hel s 1 BOEYT] @asof 9o ol = Fftsy
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T VR E Ao® R, AW 1 Bes
Wt DREHEHS COE: £4 53, 2~66.9mol %
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NaClHEBEE = 3.7~7.6 wt. %601z, 1,H#at
W2 0.3~4.4 wt. 9% Apo]o]xt, I BEEy= 1,1
Hutrteld WilEe 8-, BEs & CO.fie
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el WA Sk FWNA A Y b
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Wz Jbe Folx & e oo, SIS e
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olehR e WhE fraste 2 =, W,Mo, Sn9) @
BULHI) (L= COt EEAL & 5 gt
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EE o olE BAEEA CORIE#pol R=A @
T BENS Zoln, mpprs AL I sty
aA sk g9 g BICWL A ol== gk
ViRBel EMEE - B Rolzlee o = et

So et al. (1983)& Kol FEI N o) BiEsEg
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Fig. 6 Comparison of homogenization temperatures and salinities of fluid inclusions. Data for quartz are
arranged paragenetically, but data for other minerals are plotted at the center of their depositional
time range. Thin bar shows type I inclusion data and thick bar indicate data of type ll inclusions.
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Fiia whebol SRLMI & W Bt HEd @
&1 & COaEME A kgl NHEEHEA,

AL FEFel 8 COp-rich fluide 487t A
9 Ad¥SE 4 T Y & CO.EAEYZTE Hig
CO Bl H—{LBE &R S Hy0-CO,-NaCl%9] sol-
vusE WEh = 28] FRiste Eel Fig. 73 2.
2o A g o] K#so] solvuse U Hio HFEd
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Fig. 7 The mole percent CO, of type I and II
inclusions plotted against values of homoge-
nization temperatures, compared with 0.5
and 1kb solvus of the COy;-HyO system and
the solvus of 2.6wt.% NaCl-CO;-H:0 system
(from Hollister, 1981; Crawford, 1981).
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Fig. 8 Temperature-pressure diagram showing the
location of the 23 and 26cm3/mol isochore,
the 7.5mol% CO;-HxO solvus (Takenouchi

. et al,, 1964), and the 7.5mol% CO,-H;0-
6wt.% NaCl solvus (Takenouchi et al., 1965
a).
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E 240°C, 500barliE o] &€ & 4 Sivh HLHI
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v, ol A e RlEamLse 38 FAAq
BRE 44 Zado. @9, FEMSE Bee no
© BEWEY H—LBEE 247~300°C2A, HK
HE EREES Jdepdd. o8 H—(LBES ¢4
HHE COBE BHE /1A 3, o % HO0-CORE &
#gte] Takenouchi et al. (1964)9) &Hel A EEHLS F
A Enl 240~360bar WAL At o] EHL H—{LB
Bt vt 2 gbimige) BEEHS v, o
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e e o WRd el FEMSE B
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o BMEES #ES ABNd BHE a9 79 8%
LI L, I R SRMEwiilel Mot xl EES 2K
At 2 Zles vm, S, 1 MRS Eehd B
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Fig. 9 Sulfur fugacity-temperature diagram showing
the possible range suggested by mineral
assemblage obsreved in stage I ores. Sulfida-
tion curves are from Barton (1974) and
Barton et al. (1979).
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S JeEste AE, HATY REEEDY HEEL
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