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On the Genesis of Okbang Tungsten Deposits
Jeung Su Youn

Abstract: The Nambu orebodies of the Okbang tungsten mine are hosted in the Precambrian am-
phibolite and Weonnam formation. These orebodies can be classified into two types; The scheelite-
bearing ore vein occurring in the amphibolite (the Nambu 1,2 adits) and tungsten-bearing quartz
vein along the contact between the amphibolite and the Weonnam formation (the Young-ho, -1, -2,
-3 levels). The scheelite-bearing ore vein in the amphilbolite is discontinuous, narrow, and highly
irregular in geometry, occurring only within the amphibolite with which of the vein is graduational.
Based on these feature of the mode of occurrence, the origin of this ore type might be attributed to
a potential segregation of tungsten ore fluid in situ from hornblenditic basic magma of the host
rock.

Tungsten-bearing quartz vein, however, is considered to have deposited along the N30~60E trending
fractures as a later hypothermal vein after the hornblendite was emplaced. The principal ore mineral
is scheelite with minor amount of wolframite, and the gangue minerals are quartz, and small amounts
of fluorite, pyrrhotite, chalcopyrite and calcite. Fluid inclusion study of minerals from the Nambu
orebody reveals that the fluids in fluorite of the scheelite-bearning ore vein attained a temperature
range of 208~256°C and those in quartz from the tungsten-bearing quartz vein a temperature range
of 290~357°C. The real formation temperatures can be somewhat higher than filling temperatures,
if pressure correction is made. Chemical analysis of 8 amphibolite samples on major and some
trace elements indicate that the amphibolite is igneous origin.

On a Niggli diagram (al-alk)versus c, the analytical values are plotted on an igneous field, and
on a Niggli diagram mg versus ¢ they follow a karroo igneous trend line. According to the Ba, Cr,
and Ni versus Niggli mg plots suggested by Leake (1964), Okbang amphibolite fall outside a pelitic
field and compare favorably with his plots form ortho—amphibolites. Analitical values of MoO; of 8
samples of scheelite minerals from the Nambu orebody indicate that the tungsten-bearing quartz
vein (type I) of Nambu orebody shows a range from 1.69% to 4.38% which is higher than 0.94%
~3.95% MoOs for the scheelite~bearing ore vein (type I).

This fact indicates that the type I was deposited in a lower fO,/higher fO; environment and
under lower temperature than the type I.

Analysis of major components W03, MnO, and FeO of 6 samples of wolframite from the type
B veins revealed that they contain 73.35~76.2% WOs;, 7.94~11.63% MnO, axd 10.53~14.82%
FeO. MnO/FeO ratios of wolframite shows the range of 0.85~1.17 which suggests a slightly
higher temperature type of deposits than other major tungsten deposits in the country.
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Table 1 Analyses of Scheelite from Okbang mine

Sgnple 2 3 45
WO; 76.18 77.73  78.02 76.05 74.0
Sn tr tr tr 0.01 0. 02
As tr tr tr 0.02 0.02
S 0.04 0.04 0.2 0.02 0.04
Cu tr tr tr 0.01 0.01
P 0.01 tr tr 0.04 0.06
Sb tr tr tr — —
Mo 0.03 0.03 0.02 0.01 0.01
Mn 0.01 0.10 tr 0.08 0.09
Bi 0.01 tr tr - —
Pb tr tr tr tr tr

Zn 0.03 0.01 0.01 0.01 0.01
Fe 0.21 0. 08 0.05 0.57 1.48
Ca0 — — — 18. 03 18. 65
Si0, — — — 1.62 2.95
Samples of 1,2 and 3 are quoted from Sang Man, Lee 1967

(Uljin Ore body), and those of 4 and 5 taken from Nambu
Ore body from Okbang Mine office.
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Table 2. Model composition of Rock Samples from the Nambu Ore body

1 2 3 4 5
Sample No.

P Ay A, A3 |B B B, B C C G E E E E |D D Dg
Quartz 11 7 5 62 21 31 22 41 13 16 47 25 27 20 48 17 15
Plagioclase 29 17 14 29 40 42 11 4 12 22 46 31 16 14 36 42 27
Hornblende 14 28 49 4 16 13 36 7 52 46 3 12 24 36 (0.6 29 47
Biotite 32 1 5 - 12 9 10 5 15 12 1 28 25 26 4 8 9
Garnet - - |- - —-20| - 1 — | = — — 92| - — =
Sericite - - -/ - 29 - - | = =283 | - - — — | - — -
Calcite - = — 1 22 4 — — 2.3 — - = = - - - —
Sphene — 2 — —_ - = — —_— = — 1 1.5 217 |04 — —
Magnetite 2 4 45 |15 — 1 — — 3 0.3 — 1 6 4 — 212
Sulfides 1 - —]22 - — —|L2 — — | = — — — | = — —
Scheelite 0.9 — — 1 - — — — — — |03 — - — - -
Note 1 Samples taken at 120m from the adit in Nam 1 Ho level (foot-wall side of No. 2 vein)

* Ap: at the contact of scheelite-sulfides bearing ore vein
Az: at 20cm away from the contact
Aj: at 80cm away from the contact
2 Samples taken at 132m from the adit in Ha-2 Hang level (foot-wall side No. 24 vein)
B: at the contact of scheelite~wolframite-sulfides bearing quartz vein
Bi: at 10cm away from the contact
B;: at 20cm away from the contact
B;: at 90cm away from the contact
3 Samples taken at 126m from the adit in Ha-1 Hang level (hanging wall side No. 5 vein)
C1: at the contact scheelite~wolframite bearing quartz vein
Cz: at 10cm away from the contact
Cs: at 50cm away from the contact
4 Samples taken at 134m from the adit in Young-Ho Hang lebel (hanging-wall side of No. 4 vein)
E: at the contact of scheelite—wolframipe—ﬂuorite bearing quartz vein
Ei: at 7cm away from the contact
E;z: at 15cm away from the contact
.5 .Samples taken at 64m from the adit of Ha-3 Hang level (hanging wall side of No.7 vein)
D;: scheelite~wolframite-fluorite bearing quartz vein
Dz: at 20cm away from the contact
D3: at 70cm away from the contact.
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Table 4 Filling temperature of fluid inclusion in Quartz and Fluorite from the Nambu Ore Body.

Minerals . e
RGeSt B S Tyt ves
clusion
1-1 light-purple F p-ps 208~217 0. 02~0. 07
1-2 light-pinkish F p 223~247 0.03~0.05 . Scheelite-bearing
2-1 light-green F p. ps 200~223 0.01~0.10  Fluorite Vein
2-2 smoky F p 230~256 0. 01~0. 05
4 light-green F p 212~270 0. 02~0. 06
6 milky Q P 220~272 0. 02~0. 05 Tungsten-bearing Quartz
7 light-green F p 213~274 0. 01~0. 02 Vein and Fluorite Vein
12 milky Q P 240~247 0. 02~0. 05
15 white F p-ps 207~272 0. 01~0. 06
18 smoky Q p 305~336 0. 02~0. 07
19 milky Q p 212~340 4
23 white F p 225~280 0. 01~0. 04
27 milky Q p 280~350 0. 02~0. 06
28 milky Q P 330~357 ”

Note : F: Fluorite, Q: Quartz, P:Primary inclusion, Ps: Pseudosecondary inclusion
HE BT Q& HHS) FMBEE 220~357°Col = s 220~340°C2A FHER T 47 vho WEEE »
ZWrRel BB A FREEE 212~280°C = o Ft,
A IR G HEEE 3 o] ) (Table 4) 9} (Fig. 6). BNS) tungsten$f i s} #RS) e Ho
=3 v 23 #1539 H$ Bk TR FEHBEE S ¥l aws 2 Table 594 pcf,

Table 5 Comparison of filling temperature of some Tungsten Deposits

Minerals . . .

Mine g Bl Frewm o NClews g
Takatori. Japan quartz 225~320 —0.5~—3.2 1.0~9.0 Sedimentary strata
Takenouchi and cassiterite 300~350 —5.3~—6.4 8.5~10.0 (Sandstone, chert,
Imai (1971) topaz 330~350 —1.1~~2.3 2.0~4.0 slate)

fluorite 215~270 —3.6~—4.3 6.0~7.0
Ohtani. Japan quartz 225~970 —2.3~—3.9 4.0—-6.5 Granitic rock, Rhyolite
Takenouchi and - cassiterite 285~340 —3.0~—5.7 5.1~9.0
Imai (1971) scheelite 270~330 —~3.6~—5.3 6.0~8.5
Pastc Buena quartz 175~290 2.0~17
Peru wolframite 215~238 Chicama Formation
Landis ans Rye fluorite 157~204 1.5~11.8 Qz-monzonite stock
Dae Wha quartz 205~314
S. Korea fluorite 170~295 Gneiss
Park, H.I. (1974)
Chongyang quartz 200~355
S. Korea fluorite 160~253 Biotite Gneiss
Kim, K.H. (1977) beryl 280~348 Granite-porphyry
rhodochrosite 283~295
Okbang quartz 220~357 . Amphibolite
S. Korea fluorite 200~280 Biotite-garnet gneiss

Youn J. S. fluorite 208~256 Granitic gneiss
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I EERE RS RS vt SER ARIE] kT
H veinf§ifel = KREAS BYFEHC) AHAID
ERS GASHE A FUREES 220~357°Co| o,
24 RE =EARC &G, WEHpe] SEE A
9 FIEEEE 200~280°Co] T},

=2

\(g.%
Ral
(25

r_?_(', ol Nl

vein (depositiono] 25~

8} 5. greisen

V. APgEel REM st H{EBay BE
i AES X2 ARES BRELZ MRS
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3 APREEY S8 ApEs BFd 9 A=
ojeld] E<k Be MEEESY MoAddd. Wil
cox9} Poldervaart(1958) & P4 SRHREE E
H, KB, HE, KRS 2ol EHSY 53 oF
I ko w FEME m 3 #MPGYE (para-amphibolite)
o2 Emrekglth

.2]1} Leake(1960)2 West Frend Connemara i
9] SEHRE Mk 2 EHEE ANES LBES
FifsE (LBRSY ZREF o] Ro#brt Ei
P AR FEOSHS el B4 EEHREE o
3 RS BdA Hge] mERS QT

Walker (1960) 2 BEIEMA 2 BRI IEH] A3k
AW WES s ANGE B B HEEEC
ZA e APl A e (LESHTY AT RHE
FigEfReel SERIS A7 3tglet. =z2]v} Leake(1964) -
ARl LM BMLEMT HETHRS S HREd
g8 BES BEF5ET Az A <Etg 2 Orville (1969)
& carhonate free shale, calcite, dolomite{R &HERZ4<)
{LERREE ADTES LEBMEEL 2 BEEHEARES L2
MBS v 2T R KRAC T HRElE Hornblen
de-plagioclase assemblage:= E§HM: KECHS 2L 1
BHRE 7FA " pelitic-dolomiteo] EARES ﬂ:@ﬁ
B ARES (LB 2ok EHe] LR
o2 AAY RES welod REke] fov N,
Cr, Ti, Bazt-> &EIEHR Gl o3t EHE F
Atz g3 5

Leake(1964) ] 9l &t IEAPT%E (ortho-amphibolite)
¢l 4% Niggli-k zko] wton Cr, Ni, Ti, Ba%: &5
TR aEd gov #ARKEA B9 Niggi-k ol
Eo9 Cr, Ni, Ti, Bagiol 22 A F& el

Table 6 Chemical Composition of Amphibolite from the Ha-3 Hang Core Samples. (wt%)

Samples A-1 A-5 H-1 H-2 H-7 H-8 H-9 H-14
SiOz 44. 66 45.77 49.91 47.99 48.11 70. 00 48.93 48.41
TiO, 0.62 0.38 0.09 0.98 1.04 0.31 2.18 1.39
Al,O3 20.79 8.10 21.06 11. 85 13.16 16. 68 12. 08 13.40
FesOs 13.09 17.13 7.95 16. 29 15. 81 7.05 20.10 17.91
MnO 0.32 0.41 0. 06 0.44 0.26 0.08 0.33 0.34
MgO 4.88 12.29 0.91 7.27 6.28 1.66 4.54 6.19
Ca0 6.25 11.85 11.31 10. 69 9.43 6. 99 8.15 9.65
K:0 3.93 0.99 3.01 1.12 1.70 1.67 0.61 0.65
Na,0 2.37 0.95 2.24 1.18 2.50 5.83 2.15 0.21
P,05 0.32 0.16 0.07 0. 26 0.15 1.47 0.25 0.54
H,0 2.32 1.61 2.64 2.14 1.54 2.18 1.02 0.54
Total 99. 55 99. 64 99. 75 100.17 99.98 99.92 100. 34 100. 90
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Table 7. Minor elements of Amphibolite from the Ha-3 Hang Core Samples (in pl;m)

Sample A-1 A-5 H-1 H-2 H-7 H-8 H-9 H-14
Ba 67 49 55 78 109 40 52 120
Nb 13 — — — — 18 — —
Y 113 42 84 42 27 27 33 30
Sr 106 11 147 55 110 172 88 90
Cr 52 36 40 37 45 53 96 160
W 2,055 — 26 — — 26 — —
Rb 493 69 178 105 37 148 24 25
Zr 148 25 6 48 43 15 68 69
Ni 182 105 121 141 141 176 132 92
Sn 30 323 17 113 38 11 69 130
As — 16 86 218 64 45 12 181
Cu — — 49 14 152 124 228 —
Zn 190 1,202 32 175 75 101 98 131
Pb 32 20 48 21 20 100 17 19

FERHIRS tungsten FILIFA RAMNoZ HiE
8 FIRE 2= & ANEY %3l Leaked) 98t
FEL 2 GRS BRHEEE T 3 &bl A 44

Table 8. Niggli Numbers

G Al F core oAl SEE PRERSHS SHT-S HIHBIEEDT
B2t D¥7EEe] Al spectro—chemical analysisol] 9] 3te] 42
EREZ BERLRE st (Table 64 7).

A-1 A-5 H-1 H-2 H-7 H-8 H-9 H-14
Si 127.9 90.6 138.7 109.7 112.3 219.7 120.9 115.7
al 17.5 9.43 34.5 15.9 18 30.8 7.6 18.4
fm 49.5 62.4 20.5 53.7 50. 2 24.6 54. 8 55
c 19.24 25.1 33.7 26. 16 23.6 23.5 21.6 24.7
alk 13. 74 3.07 11.4 4.24 8.1 21 6.1 1.5
k 0.52 0.41 0.47 0.38 0.32 0.16 0.16 0.67
mg 0.42 0. 58 0.18 0. 46 0.4 0.32 0.31 0.4
ti 1.33 0. 50 0.19 1.69 1.82 0.73 4.04 2.49
al-alk 3.76 6. 36 23.1 11.7 9.9 9.8 11.5 16.9
S7¥ el Al Niggli-valuesS S}E31 v} (Table 8).
Leake(1964) = AlA o} 2] 9] FFARIES Niggli mg / e cerone soLomITE
—c[@ell plotd #5E karroo dolerite trend of plot=] g r MIXTURES
2 BAPE-S 22 Niggli mgzte Zo] ©] trend |- ol / PeLITE-goLoMITE

Bl plot=] $ ek,

EEFRHIRS APPAE S Niggli mg—cfEo] plotdt #
2 karroo igneous trendel] plot® =} (Fig. 7).

Leake(1960) 9} Van de Kaunp(1968)°] <]3} Niggli
(al-alk)-c @] ] = igneous fieldo] plot & 32 (Fig, 8),
Niggi 100mg-c-(al-alk) ffol] &= late mafic rocke] plot
= 9 (Fig. 9).

=S HETHEY Ni, Cr, Ba Niggli mg $#E] A=
pelitic field u}2Z0] plotso] o] EMAPIE (ortho-
amphibolite) ¢1-& v} o} (Fig. 10).

30+

Fig. 7. Niggli mg versus ¢ plat for Okbang amphib-
olites.

o] &9 #RE EFSRMRAA SHhists ARES
KBERY & A £
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Fig. 8. Niggli ¢ versus al-alk plot for Okbang
amphibolites,
i00
mg

EARLY MAFIC
o0 ROCKS

LATE MAFIC
ROCKS

V4

LIMESTONE

Fig. 9. Niggli c versus 100mg versus al-alk plot,
Okbang amphibolites,

Fig. 104 934 Ni &= Highy S8l Eo} pelitic
field ${3-3¢] plot 5l&=8 ©] AL mafic igneous rock
9% Jebdth, —#ho 2 Niggli mgt Cro ##{ks
HE FED FHh4o] J&d Mgyl £33 mmEk
BEAAE Crage] =A% #fadAas KREA
A BE AR L 24 Gt (Leake 1964, Herz
and Banejee 1973).

LB #EEE #EE, £50975)0 AEil BR
wmel EE, E, il AR ANES Bk
BAANA a9 Aolgte HRARSE —3It.

V. Tungsten 9ol #{LBly ER

Tungsten $E#-& HRFAA EE oxide form, tung-
state compounds X BE }eli}e] Fe, Mn, Car} {E%
3} o)A wolframite [(Fe, Mn)WO,), huebnerite

1000 ™~
Pelites '
%]
100+ 4
»
Y
Ba [y L4
ppm d ©
ol
1000 -
L
100 | Pelites )'
| o e e —
cr g LI
pom | @ ° P
ok
1000
° o 8
|oop‘—___.—\\ °°
u e
NI Pelites J
ppm /
e
—"
 —
10 1 L ] i
30 40 50
mg

Fig. 10. Niggli mg versus Ba, ppm; versus Cr, ppm;
and versus Ni, ppm; Okbang amphibolies
(FeWO,), seyrigite(Ca(MoW)Oy), scheelite(CaWO,),
powellite(CaMoQy), cuproscheelite (Ca(MoW) WO,) £
9 Rz EHEY MR SU BT BETIAT
Wiftgdel Tungstenite(WSy) FUREE. B 7] 2 St
28} o] 5% scheelite$} wolframiter} 714 2E3F
Wikl oF. Hsug} Galli(1973) & Nevada, California,
Utah ol A o] 8Bl o 2 pEHIE = scheelife-powellite
serieso] %§3] X-ray spectrometry$} Atomic absorption
spectrometrye] )% AFREE BT EEBA
R Y MBS TAAE scheeliteo] pow-
ellite(CaMoQOyg) 7} 5 ~53.5mole% 717 W& W= &
FEH ulxd EBEAMQ Pegmatiter} Hydrothermal
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veino] A= CaMoOy7} 0.05~ 4mole% LIFY &&E2
Zens A4S wE

£3] L.C Hsu(1977)& HEol 93} Mor} £33
HHol Al CaWOy, CaMoOy, MoSz9] JEL-& F9 #uk
B WBE—LENEE F oxygend} sulfurd] fuga-
cities(f02/fSp) o] €]3] =z WEEE7F ThoFstA] #bdS
i,

v 2.3 HiEAQl Pegmatite 1} Hydrothermal veind]
Al low fOp/high fS; Bifife] =] w2 o] Mos}
el &= Az FHo Hiiemel EddEs
CaMoOg7t R £ ale] 458 CaW048 MoSy7}
defpg o},

EBf5E Pf=1000bar,
= g3t e

CaWO, + SiO;+S; = CaSiO; + WS, + 30, (1)

scheelite  quartz wollastonite tungstenite

CaMoQy + SiO; + S; = CaSiO; + MoS; + 350, (2)

powellite  quarsz wollastonite molybdenite

I BEAZREA Y BEEE T AL high {0y
low £S;¢] Blggol vl Mosk B39 #le +5a
scheelite®} molybdeniter} =] HREs] 2=
scheelite-powelliter} FEZAfE= JL7EsA =),

HERSE Pi=1atm, T=25°C, AGr=32.77kal/gfw
oAl ZEHA = 3 2o

CaWO, + MoS; = CaMoO, + WS 3)
scheelite molybdenite powellite tungstenite

ERFK BgRE KERRH 9ES Hp= %
Alste]l K1 STHHTEREAN XAREHSH 5 Atomic
absorption spectrophotometrye] ]3] Zr#rstgcr. =
R gt AER BER(—2, —3 leve) o ziy
IKEH ] MoO3 &8 1.09~4.38% 0] = A{bigkasel

T=577°Cell A = ZEA

iE

BREGR(FE 280) 2 2969 REARY MoO; 4 -

B 0.94~3.252 3k g},

_\*j_

R & 'K ¥ as 2e Table 99 2
t}, o] SHiES Hsusl Galli(1973), Hsu(1977)9] &
iRt vl g o E1f low fOp/high {S; BREETF ol 4]
24 EERA FRY S AARE figRcd HEL E5iE
Bl rebA

o] ol el Li#, 4%, F% KA I K|
e KA A8 T 5 g,

A4 (1976) > BN 2 BEAHEKKE KERY MoOs

BE e SR FEEREY 355 2 480 0.
22~14.13% 2 B S Welz RHE KERS I &
o] Eol high fOys/low S Bl KIRAGKIK &3
g g, 283 WO wt% S Bilih, MoO; wt% S
e o2 plot3ts Fig. 115} Zor ofF gho] =5F
AR Lo} plot =),

wi%
20 4
» Obong
© Sangdong
X Soojung
15+ P -+ Okbng
A jikwang
X
Mo Oy
10 1
s ] *
ES
%,
g">o
) ’ . W%
65 70 75 80
wQ

3
Fig. 11. Variations in MoO; against WOs of Sceelites
from Okbang and Various Localities
A I EG S Ferberite (FeWO,) 3} Hubnerite
MnWO 9] EZsol™ RgHwe H = MnO/FeO

Table 9 Molybdenum Contents in Scheelite from Okbang and other mines (MoQO; wt%)

Sample No. 1 2 3 5
Range Sangdong Soojung | Okbang | Ilkwang Okbang*

6,102 60,072 1,010 1,043 9,221 9,251 9,261 | —3 level —2 level S-2

0~2 1.43 — — 0.22 — 1.15 — — — 0.9

1.74 — — 0.76 — 1.50 — — 1.69 1.8

2~5 3.36 — 3.38 3.02 2.31 3.03 2.47 3.57 3.64 2.78

' 3.76 — 3.8 397 3.8 37N 3.02 4.38 3.95 3.25

10~15 10. 68 13.62 9.81 10.19 11.92 — 10. 57 — - —

11.37 14.13 10.67 10.91 12. 46 — 13.53 — — —

1,2,3 and 4 from Kim (1976), 5 analized at KIST.
*Samples taken at Nambu ore body.
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Table 10 Analytical results of wolframite from Okbang and other mines (after S.Y. Kim, 1976)
minds types host rock | WO3% MnO% FeO% Nb Sc Mo Y Sn As Mr:;)ti/feo
breciated pipe andesite
Dalseong with quartz Vein rhyolite 76.19 14.36 9.23 810 260 20 10 10 190 1.56
Soojung | hydrothermal granite 71.98 15.68 12.15 590 110 30 10 20 130 | 1.29
quartz vein
Sangdong " slate 77.86 5.24 16.39 10 — 180 110 40 20 0.32
Wolak ” phyllite 75.73 8.23 15.86 50 10 60 70 — 60 0.52
Okbang pegmatite amphibolite | 76.34 12.48 10.84 490 80 40 20 10 110 1.15
hydrothermal net .
Tlkwang work quartz vein granité 71.46 10.47 16.90 140 50 50 30 10 150 0.62
Okbang* magmatic segregation | amphibolite 75.57 10.21 11.12 0.92
hypothermal biotite-garnet | 76.21 11.35 10.53 1.17
quartz vein gneiss 73.35 11.92 12.55 0.95
74.42 7.94 14.82 n.d. 0.95
75.40 11.63 11.97 0.98
75.43 9.08 10.67 0.85

* Analized by KIST, n.d. :

ratio®: MAHEAS) HNF IS BEEd BA 3

So] ®AE Q. MnO/FeO ki B47HEE sourced]
A A8 7t Ho] A45E HAr3l] Pegmatiter} “normal”
Hydrothermal veins} 22 ¥l wd HEM FKNA=
MnO/FeOft7} #hists 4 3e ztE=rti(Berman and
Compbell 1957, Taylor and Hosking 1970). °] s} )
%7 © 3 Barabanor(1971) ¢} Clark(1970)2 #i37E
B R B FESR Sz FRLERS Fe/Mn
ratio9} oxygen fugacityo] %3 J-$-Hdz= g
TS (Type 1D B EL AKX 6MEE EHISHS
KISToA X-#5E5745#3 Atomic absorption spec-
trophotometrye]] &3] 434785 o),

2 #EBEE 2 WOsE 73:35~76.2%, MnO+= 7.94
~11.63%, FeOX 10.53~14.82%°]™ MnO/FeO ratio
L (.85~1.17°] & (Table 10).

Table 109 %33 MnO/FeOH.7} 0.3291 £, 0.52
Ql 49, 0.629 IR ol WEEREE YT
BERY Sty source2-E HelA o] FolF &S 71
719 (Groves and Baker 1972, p.327)¢l &3 u]ma] &
W vl ad ERAGEKY S el

V. # &

EBE EAgKS Rilskiss v nelokide BES
T ARET RS AR S B el s
g ANERC T BisTHE SEGAK(EL 28850
I EmRAY BRI SRR 24BES et KRS
E AEA AER(ESYE, FTL23&Mez ARd
o APAel st BEBASHE ARG PR BR,

not determined, Samples were taken at Nambu Ore body.

RS HAME RIELERC]) TR 2=
AR APE Dol MEERC Ak BEez
Xo} o] ApgEe] BAY BAd olzfE 4 7
Az Q9 tungstenff{biFiEe] A8 o] 4] segregation
o 43 sHbgkite]l = ERBAY ARET EHE B
e s wek BEctE FEA AR ANE
o] HAHK% BRE N30~60E e Zie =} ma-

gEHo] Tt

BHAEYS KERTios 439 BITERE B8
=2 IRAgpES [ A, WSS, BEL, 5
fen o] Fwtd

S msaggel K3 RBERES 24 ARG
Aol A 33 KELHRS] BERd EFET B/AY
FIRRE = 208~256°Ce] =, & ARET EEE #
I RS uheh ksl §EA ARk A%
o) FIEEES 220~357°C B9 2 #%%9 3% Lind-
greno] &3 SEIK/HFel 4k3t" Hypothermal PRl

Sateh, mERel EEstE HAe] REEEE 200~
280°C o] o},

WEBEIRS]  tungsten BRILIEAS] REfi= MBIl
BAE FA] 9 Az Aw Tungsten FELHH O]
2 Aol A segregationel] {3 APIEAL T KEH
o] Mhiid ZLhsiiel MNECl BA% ARES ER
& sl MRE e ==t AER AR %k
e veinfefflz el Ale] KK A ZEREAC
A, FtEpe) dlste B A

& HURY  tungstenBEL{EAT REMez WAE
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Zrw e RSl APIEARE 8T mRMHH
Niggli valueZ EtE3}e] Niggli c—(al-alk)[EH] A=
igneons fieldi¢] plot=] 32 Niggli mg-cfol] A = karroo
igneous frend lineg w23 #HETHE Ni, Cr, Ba,
¥} Niggli-mgfifo] A] &= pelitic field uv}72Zo] plots] o]
ol E RIREAN MAIIES KREFl walzl
RES 3B 9fEc] B3 MoOsZr st Rol tkalel &
B ARARS Typel 238 KERRN MoO; 45
1.69~4.38%0°] = Z-{tgk#8ql Type I 224 ¥ KER

A MoO; B2 0.94~3.25% 2 RiEEY 2e wsls
7}A low fOu/high fS; BWEE Tl A HRH HBE K
qE& i)

Tkt e (Type 1) BEAERS SHkERE WO,
7} 78.35~76.2%, MnO¥ 7.94~11.63%, FeO: 10.
53~14.82% 2. #3}2] MnO/FeO ratiok 0. 85~1.179]
W9 st BN 2 EAHKKT s 29 i
EEE gkl S8t
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AR 1 T 3 & BiRAY BEEsle BES HAMK MZ 2. F3&FbL ANIER EEE EER BEEst
Wolframite 7} Scheelife & 43 gl& 7] SER AR Wolframite 7} 144
2.

ALZl 3. Scheelite goi] F¥iE3dl = Pyrrhotite 8 Chalco-

AFZl 4. Scheelite, Wolframite, Chalcopyrite, Pyrr-
pyrite. Chalcopyrite ;o Pyrrhotite 2] exsolu- hotite ]  f:4:BA%, Anhedral scheelite 7}
tion texture 7} 2.¢]. Chalcopyrite ol %3] A1 replacement =] ¢ &
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