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Scheelite from the Yaguki mine and its mineralization.
By Asahiko Sucaki*, Arashi Kitakaze** and Ryuichi KomaTsu***
Abstract:

altered clinopyroxene and garnet skarns along the contact with the limestone at hanging wall. The skarns were
hydrothermally altered to aggregates of actinolite, epidote, quartz, prehnite, chlorite, sericite, calcite, scheelite.

Tungsten deposits of the Yaguki mine occur as layered, lenticular, massive and amoebic forms in intensely

Scheelite occurs as disseminated grains, veinlets and networks in the alteration zone. Under the microscope, it is
euhedral to subhedral, and is 0.15 to 2.0 mm in size. This mineral is intimately associated with epidote, quartz and,
sometimes, prehnite. Scheelite also occurs with chlorite, sericite and calcite which were crystallized at later stage than

that of scheelite.

Ore minerals such as magnetite, pyrrhotite, chalcopyrite, pyrite, sphalerite, bismuthinite and native bismuth ap-

pear occasionally with scheelite in the altered skarn. Veinlets of quartz with scheelite sometimes penetrate into

magnetite, meanwhile scheelite is surrounded by the sulfide minerals, and cut by veinlets of them.

Temperature and sulfur fugacity of sulfide mineralization obtained from data of ore mineral assemblages and
iron contents of sphalerite are 240° to 290°C and 10~ to 10~!2 atm., respectively.

Molybdenum content of scheelite is less than 10.1 mol% CaMoO,, commonly less than 3.0 mol% CaMoO,.
Zontal structure is usually found in scheelite crystals in term of Mo contents. The central part of the crystal has rela-
tively higher Mo contents than those of outer portion. Crystals are often rimmed with pure scheelite, and sometimes cut

by its veinlet.
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Fig. 1 Distribution of scheelite ore bodies in the Yaguki
mine. Projected to horizontal plane.
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Fig. 2 Geological cross section along A-B line in Fig. 1.
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Fig. 4 Photomicrographs of scheelite from No. 1 Shinbu ore body. A: Scheelite (sch) associated with epidote (epi), quartz
(qtz) and calcite (cal). B: Scheelite (sch) with quartz (qtz), sericite (ser) and chlorite (chl).
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Fig. 5 Photomicrographs of scheelite from the Nanbu-Hinokiyama ore body. A: Scheelite (sch) assembled with epidote (epi),
actinolite (ac) and quartz (qtz). B: Scheelite (sch) with prehnite (prh).
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Fig. 6 Scheelite ore with an alteration band in garnet skarn. A: Under day light. Altered band (dark brown) and quartz
scheelite veinlets (white) in garnet skarn (brown). The upper part is limestone (grayish white). B: Under ultraviolet light.

Table 1 Chemical compositions of clinopyroxene from the Yaguki mine analyzed by EPMA
1 2 3 4 S 6 7 8 9 10 1 12 13 14 18 16 17

Weight %

5i0, 48.3 48.6 48.7 48.9 48.3 48.5 47.8 47.5 47.1 47.5 48.3 47.9 48.5 48.1 47.7 46.5 48.7

TiOZ 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A1203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.0 0.1 0.0 0.2 0.0 0.0

FeO 23.5 24.2 23.8 23.4 24.3 25.6 26.4 25.6 26.2 27.0 24.1 25.6 24.4 25.9 26.4 .27.2 25.6

MnO 1wl 1.7 Vo 1.4 3.7 2.4 21 3.9 4.5 3.1 5.3 31 1.9 1.3 1.2 2.9 3.0

MgO x S 3.4 3.1 2.8 3 187 19 189 | 0:9 0.1 0.3 0.7 0.8 2.8 2.8 2.0 0.8 0.9

Ca0 22.4 21:5 225 22.2 22:2 22.2 219 21,9 21.7 21.8 22.2 22.3 2.7 22:2 22,1 21.8 21.6
Total 99.7 99.6 99.8 98.7 100.3 100.5 99.2 99.5 99.6 99.7 101.2 100.6 99.4 100.3 99.6 99.2 99.8
Atomic ratio (total oxygens=12)

Si 3.94 3.97 3.95 4.02 3,95 3.92 3.92 3.96 3.94 3.95 3.95 3.93 3.97 3.92 3.94 3.92 4.01

Ti 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.0 0.01 0.00 0.02 0.00 0.00

Fe 1.51 1.53 1.62 1.61 1.65 1.73 1.81 1.78 1.83 1.88 1.64 1.75 1.67 1.76 1.82 1.77 1.76

Mn 0.1 0.11 0.12 0.10 0.25 0.17 0.15 0.28 0.32 0.22 0.30 0.21 0.13 0.09 0.09 0.19 0.21

Mg 0.43 0.39 0.37 0.36 0.20 0.23 0.13 0.05 0.01 0.04 0.08 0.0 0.35 0.34 0.24 0.09 0.11

Ca 1.96 1.91 1.95 1.94 1.93 1.93 1.92 1.96 1.94 1.96 1.95 1.97 1.90 1.95 1.97 1.96 1.95
Atomic ratio of Me/(Fe+Mg+Mn) (%)

Fe 73.9 75.4 76.9 78.0 78.4 81.5 86.6 84.2 84.7 87.8 81.2 85.6 77.7 80.5 84.7 86.3 84.8

Mg 20.8 19.17 172.6 17.3 19.6 10.7 6.5 2.8 0.7 1.9 4.0 4.7 16.1 15, 1.3 4.3 5.1

Mn 5.3 5.5 5.5 4.7 12.0 7.8 6.8 13.0 14.6 10.3 14.8 10.3 6.2 4.1 4.0 9.4 10.1

1-4: No.1 Shinbu ore body (130ml,w-350), 5-7: No.1 Jobu ore body (200ml,w-80),
8-12: Nanbu-Hinokiyama ore body (490ml), 13-15: Akahage ore body (440ml),

16-17: Kotobuki ore body (230ml).
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Table 2 Analytical data of garnets from the Yaguki mine obtained by EPMA
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Weight &
Si0, 34.9 34.3 34.5 33.7 34.1 35.2 34.2 34.0 34.6 34,5 33.6 35.2 35.0 34.8 34.4 34.1 34.7
Tio, 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.1 0.0 0.1 0.0 0.0
Al,03 2.1 0.8 0.0 0.9 0.5 0.3 0.9 0.9 0.7 2.0 0.6 2.5 2.3 1.8 2.4 0.5 1.1
Fey,03 27.8 29.7 31.0 29.4 30.2 30.7 29.5 29.6 30.0 27.9 30.2 27.8 28.1 28.6 27.5 30.2 29.7
FeO 3.2 2.9 1.8 3.1 2.5 2.7 2.0 2.7 2.0 2.8 2.3 1.0 1.7 1.7 1.9 1.4 1.1
MnO 0.5 0.6 0.6 0.9 0.8 0.6 0.7 0.4 0.5 0.6 0.6 0.1 0.1 0.2 0.1 0.2 0.1
MgO 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.0 0.1 0.1 0.1 0.8 0.7 0.9 0.5 0.7 0.6
Ca0 30.6 31.1 31.5 31.2 31.4 30.1 31.7 31.9 31.8 31.0 31.5 32.2 32.1 31.5 31.9 32.0 32.5
Total 99.2 99.6 99.6 99.1 99.8 99.8 99.2 99.5 99.8 98.9 99.8 99.6 100.0 99.4 98.8 '99.3 99.8
Atomic ratio (total oxygens=12) .
Si 2.97 2.94 2.96 2.92 2.92 2.99 2.93 2.92 2.96 2.95 2.89 2.96 2.94 2.95 2.93 2.92 2.94
Ti 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.01 0.00 0.01 0.00 0.00
al 0.21 0.09 0.00 0.09 0.05 0.03 0.09 0.09 0.08 0.20 0.06 0.25 0.26 0.18 0.24 0.05 0.11
Fe3* 1.79 1.92 2.00 1.9 1.95 1.97 1.91 1.91 1.92 1.80 1.94 1.76 1.78 1.82 1.76 1.95 1.89
Fe2* 0.23 0.20 0.14 0.22 0.19 0.20 0.14 0.20 0.14 0.20 0.17 0.07 0.12 0.12 0.14 0.10 0.08
Mn 0.03 0.05 0.04 0.06 0.06 0.04 0.05 0.03 0.04 0.04 0.04 0.01 0.01 0.01 0.01 0.02 0.01
Mg 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.00 0.01 0.01 0.01 0.10.0.09 0.1 0.07 0.09 0.07
Ca 2.79 2.86 2.89 2.87 2.89 2.76 2.92 2.90 2.90 2.86 2.89 2.90 2.85 2.86 2.81 2.94 2.85
Mole %
And 89.3 91.3 94.1 90.4 91,7 91.8 93.1 92.6 93,8 90.0 93.0 87.8 88.8 91.1 B88.0 93.1 94.6
Gro 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.0 6.3 4.1 0.9 4.9 0.0 0.1
Pyr 0.2 0.3 0.3 0.6 0.7 0.7 0.5 0.2 0.5 0.5 0.2 3.4 2.9 3.7 2.3 3.0 2.4
Alm 7.6 6.5 4.3 7.0 5.8 6.3 4.6 6.3 4.6 6.7 5.3 2.3 4.0 4.0 4.6 3.3 2.6
Spe 1.7 1.5 1.3 2.0 1.8 1.3 1.8 1.0 1.2 1.5 1.4 0.3 0.3 0.4 0.3 0.5 0.3
1-3: No.1 Shinbu ore body (80ml,w600), 4-5: No.1 Shinbu ore body (130ml, W-350),
6-7: No.1 Jobu ore body (180ml,W-350}, 8-9: No.1 Jobu ore body (200ml,w-80),
10-11: Chukan ore body (280ml), 12-14: Nanbu-Hinokiyama ore body (490ml)
15-17: Kotobuki ore body (230ml).

Table 3 Chemical compositions of hydrothermally altered clinopyroxenes in comparison with original clinopyroxenes in
unaltered skarn :

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Weight % .
SiOz 48.6 48.9 49.3 47.8 47.9 48.0 47.5 47.5 46.9 48.7 48.7 46.5 55.0 51.0 49.8 51.2
Ti0O, 0.2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Al,03 0.0 0.0 0.2 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FeO 24.2 23.4 20.3 22.8 24.4 24.2 25,6 27.0 21.8 23.2 25.6 27.2 1.7 13.7 14.8 15.7
Mno 1.7 1.4 3.3 3.3 2.5 3.2 3.9~ 3.1 5.1 4.2 3.0 2.9 0.0 3.8 2.3 4.7
MgO 3.4 2.8 3.8 2.7 2.1 1.6 0.5 0.3 1.7 1.5 0.9 0.8 18.2 8.4 8.9 6.3
Ca0 21.5 22.2 22.8 22.6 22.2 21.9 21.9 21.8 22,0 22.0 21.6 21.8 24.8 22.1 23.6 23.0
Total 99.6 98.7 99.7 99.4 99.3 99.0 99.5 99.7 99.3 99.0 99.8 99.2 99.7 99.1 99.5 100.9
Atomic ratio (total oxygens=12)
Si 3.97 4.02 3.97 3.93 3.95 3.97 3.96 3.95 4.00 4.00 4.01 3.92 4.00 4.00 3.92 4.01
Ti 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.01 0.00
Al 0.00 0.00 0.02 0.02 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 1.53 1.61 1.37 1.56 1.68 1.68 1.78 1.88 1.50 1.60 1.76 1.77 0.71 0.90 0.98 1.03
Mn 0.11 0.10 0.23 0.23 0.17 0.22 0.28 0.22 0.35 0.29 0.21 0.19 0.00 0.26 0.15 0.31
Mg 0.39 0.36 0.46 0.34 0.26 0.20 0.05 0.04 0.21 0.18 0.11 0.09 1.95 0.99 1.04 0.74
Ca 1.91 1.94 1.97 1.99 1.96 1.95 1.96 1.96 1.94 1.96 1.95 1.96 1.95 1.96 1.99 1.93
Atomic ratio of Me/(Fe+Mg+Mn) (%)
Fe 75.4 78.0 66.5 73.4 79.6 80.0 84.2 87.8 72.7 77.2 84.8 86.3 S.1 42.1 45,1 49.6
Mg 19.1 17.3 22.5 25.9 12.3 9.4 2.8 1.9 10.1 8.8 5.1 4.3 94.9 46.0 47.9 35.5
Mn 5.5 4.7 11.0 10.7 8.3 10.6 13.0 10.3 17.2 14.0 10.1 9.4 0.0 11.9 7.0 14.9
1-2: in clinopyroxene skarn; 3-6: in alteration zone (No.l1 Shinbu ore body, 130ml, wW-350)
7-8: in clinopyroxene skarn; 9-10: in alteration zone {Nanbu-Hinokiyama, 490ml)
11-12: in clinopyroxene skarn; 13-16: in alteration zone (Kotobuki ore body, 230ml)
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Fig. 7 Composition of clinopyroxenes in the ternary system of CaMnSi;Os-CaMg8i;Os-CaFeSipOg. A: Clinopyroxenes in

om Nanbu-Hinokiyama

clinopyroxene skarn. B: Hydrothermally altered (open marks) and original (solid marks) clinopyroxenes.

Table 4 Chemical compositions of recrystallized garnet
in quartz scheelite vein and primary garnet in unaltered

skarn
1 2 3 4 5 6
Weight %
$i0, 37.1 .36.6 35.8 35.9 35.2 35.3 35.3
Ti0, 0.1 0.1 0.1 0.0 0.0 0.0 0.0
Al,04 0.2 0.2 0.5 4.4 3.6 6.3 3.2
Fe,05 30.3 29.7 30.5 24.9 26.0 21.9 26.6
FeO 0.0 0.0 0.2 1.9 1.7 2.0 1.3
MnO 0.3 0.3 0.6 1.7 1.8 1.6 2.5
MgO 0.6 0.6 0.5 0.0 0.0 0.0 0.0
Ca0 31.9 32.2 30.6 30.8 31.6 31.7 30.8
Total 100.5 99.7 98.7 99.6 99.9 99.8 99.7
Atomic ratio (total oxygens=12}
Si 3.04 3.03 3.04 2.99 2.96 2.95 2.97
Ti 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Al 0.02 0.02 0.05 0.43 0.36 0.62 0.32
Fe3* 1.97 1.96 1.95 1.57 1.64 1.38 1.68
Fe?* 0.00 0.00 0.00 0.14 0.11 0.15 0.09
Mn 0.02 0.02 0.04 0.12 0.12 0.12 0.18
Mg 0.07 0.08 0.07 0.00 0.00 0.00 0.00
Ca 2.85 2.88 2.87 2.75 2.85 2.84 2.78
Mole %
And 97.1 96.8 94,1 78.3 82.1 68.8 84.1
Gro 0.0 0.0 0.0 13.1 9.9 22.3 6.6
Spe 0.7 0.6 1.4 4.0 4.1 3.9 6.0
Alm 0.0 0.0 0.4 4.5 3.8 4.9 3.
Pyr 2.3 2.5 2.1 0.0 0.0 0.0 0.0
1-3:in garnet skarn, 4-7:in quartz-scheelite vein

FRCIE > 1T LI —FF 2 s FAN A D
REEY# 5 GRMIKC TER M DRSNS | LHFE
s L O LMER, BEHRILER A ETLIELERDR
b, IOBE, ARMIRCET R 7 Al e 2K
RTERITYETAERE LTEREAL, BERSID
KEF L84 5. Fig. 6 (351230 m #1 3 2 32K No.
82071308) 13 M ARE T 5 REE - BAEE - &
% KERLBEREF 7 rBAILVEERLBE - K
FARMRAR LTS, ¥7rBARA VAR, BE- K

(Mn,Fe, Mg} 3A125i3012

Ca3Aly8i3012 CasFe,Siz0i2

S
o
~N
)
S v v
T 20 000

Mol % CasAl2Si30i2

Fig. 8 Compositions of recrystallized garnet (open) in
quartz-scheelite vein and original garnet (solid) shown in
the (Mn, Fe, Mg) 3Alzsi30m-caaAleiaOu-CagFezSiaOm
diagram.

ERMIRICE > THER LcY 2 » HO EPMA S HiE
M Table 4 CRIN TV 5. WEDA AL VHRDYF I w
BARIEMRIREY 7 s ETHB L, LROBR
& 7 v HOMARIE MnO, ALO; 3 X ¥ FeO 4 % #
T AHHECEL TV (Fig. 8).
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Table 5 Analytical data of edidote associated with scheelite in hydrothermal alteration zone
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Weight &
§i0, 37.1 37.4 37.3 38.% 39.1 37.7 37.2 34.4 37.7 36.3 37.8 37.2 36.8 35.2
Tio, 0.0 0.0 0.2 0.0 0.2 0.1 0.0 0.1 0.2 0.0 0.0 0.1 0.0 0.0
Al,05 26.2 25.6 24.4 29.5 26.7 25.1 22.0 28.9 24.1 22.2 28.6 25.1 22.3 20.8
Fe,03 10.2 11.4 13.1 4.8 8.8 11.7 16.0 11.7 13.0 15.5 7.3 11.3 15.7 17.9
MnO 0.3 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.0 0.1 0.3 0.2 0.5 0.5
MgO 0.1 0.1 0.0 0.3 0.2 0.4 0.0 0.2 0.1 0.2 0.1 0.1 0.1 0.1
Ca0 23.1 22.7 22.4 23.6 22.9 22.6 22.6 22.4 22.2 22.4 23.8 23.0 22.5 23.1
H,0 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.9 1.8 1.8 1.9
Total 98.8 99.2 99.4 98.4 99.9 99.6 99.9 99.6 99.2 98.5 99.8 98.7 99.7 99.5
Atomic ratio (total oxygens=12)
Si 2.91 2.94 2.96 2.90 2.99 2.96 2.98 2.77 2.98 2.94 2.90 2.93 2.95 2.89
Ti 0.00 0.00 0.017 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00
Al 2.42 2.37 2.27 2.64 2.40 2.35 2,08 2.67 2.24 2.12 2.57 2.33 2.11 2.02
Fe 0.60 0.67 0.78 0.28 0.51 0.68 0.97 0.69 0.77 0.95 0.42 0.67 0.95 1.11
Mn 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.02 0.02 0.04 0.04
Mg 0.01 0.01 0.00 0.04 0.03 0.05 0.00 0.02 0.02 0.03 0.02 0.02 0.01 0.01
Ca 1.94 1.90 1.90 1.93 1.89 1.89 1.96 1.88 1.89 1.94 1.95 1.94 1.94 2.04
Atomic ratio of Fe/(Fe+Al) %
19.9 22.1 25.4 9.6 17.4 22.8 31.7 20.5 23.9 30.8 14.1 22.4 30.9 35.5
1-3: in epidote skarn (180ml,W-360), . 4-7: No.1 Shinbu ore body (130ml,w-600),
8-10: Kotobuki ore body (230ml), 11-14: Nanbu-Hinokiyama ore body (490ml)
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Fig. 10 Compositional zoning of a scheelite crystal from
the No. 1 Shinbu ore body.
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Fig. 11 Compositional histograms of scheelites in altered
clinopyroxene skarn from principal ore bodies of the
Yaguki mine. Dotted areas show compositions of
scheelite in altered garnet skarn. A: No. 1 Shinbu ore
body, B: No. 1 Jobu ore body, C: Nanbu-Hinokiyama
ore body, D: Akahage ore body.
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