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Ore minerals of the lwami kuroko deposits, Shimane Prefecture, have been investigated 

The deposits are composed of network and disseminated type deposits , bedded deposits and 

gypsum deposits. Ore samples collected from the dump are highly silicified and fractured, and 

are regarded to have derived from the network and disseminated type deposits 

In addition to sphalerite, galena, pyrite , chalcopyrite, tetrahedrite, Iuzonite and bornite , 

which were reported so far, tennantite, enargite , covellite , electrum, sylvanite, petzite and 

hessite have been confirmed. EPMA analyses of ore minerals revealed that the mmerals, not 

only tetrahedrite, tennantite and sphalerite but also others, are more or less variable in 

compositlon 

Mineralization sequence in the network and disseminated deposits may be speculated as 

follows ; quartz with fine grained pyrite-sphalerite and galena with small amounts of chalcopy-

rite, tetrahedrite, electrum and Au-Ag-Te minerals-pyrite and chalcopyrite with small 

amounts of bornite covellite , tennantite, Iuzonite and calcite-luzonite , covellite , calcite and 

siderite . 

Introduction 

The lwami mine is situated in Isotake, Oda City, Shimane Prefecture (Fig. 1) 

The deposits are composed of kuroko type ores and associated with gypsum deposits 

450000 tons of kuroko ores with 0.8-0.9% Cu, 1.0-1.2% Pb and 6.8-7.5% Zn were 

produced during the period 1957-1984. At present, the lwami mme is operated not for 

kuroko and gypsum ores but for zeolite (IKEDA, 1985) 

The lwami kuroko deposits have been investigated mainly in terms of geology , 

whereas mineralogical study of kuroko ores has been rare . . Although MU~uYAMA et al 

(1974) studied petrography , alteration and fluid inclusions of ores, chemical composi-

tions of most of minerals were not reported 

In the present papef, we iepcirt the occurrence, mineral paragenesis and chemical 

compositions of ore minerals . The mineralization sequence and conditions are also 

discussed. 
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Outline of geology and ore deposits 

Several works on geology of the lwami mining area and ore deposits are well 

summarized in MUKAIYAMA et al. (1974) 

The lwami mining area is geologically composed of Neogene Tertiary and Quater-

nary strata. The Neogene sediments are divided into the Hata, Kawai, Kuri and Omori 

Formations in ascending order. Ore deposits of kuroko type are intercalated in the 

Kuri formation (Fig. 1) 
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The Kuri Formation is developed mainly in the Oda basin. Black mudstone is 

dominated both at the base and top , and dacite , rhyolite and pyroclastics are rich in the 

intermediate portion. Dacite forms several stratovolcanoes of few hundred meters to 

three kilometers in diameter. Rhyolite usually forms small intrusive bodies or domes 

The ore deposits of the kuroko type in this district are divided into three types; 

network and disseminated deposits, gypsum deposits and bedded deposits. Network 

and disseminated deposits are composed of numerous fractures which are filled with 

sulfides, and are distributed in altered breccia and rhyolite in the breccia pipe. The 

deposits and host rocks are silicified. Gypsum deposits consist mainly of alabaster 

Bedded deposits are composed of fragments of altered volcanic rocks and ashes, 

fragments of network ores, fine-grained sulfides and clayey materials 

The network and disseminated deposits of the lwami mine occur in a breccia pipe of 

300 m in diameter at the eastern margin of the Yoneyama dacite body with 3 km in 

diameter and about 300 m in thickness (Fig. 2) . Bedded deposits overlie unconform-

ably network deposits and gypsum deposits . Gypsum deposits occur between network 

deposits and bedded deposits 
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Cross section (E-W) of one of the ore bodies in the lwami deposits (after 

MUl~YAMA et al. , 1974) 

1 : Andesite of the Omori Formation, 2: Upper shale of the Kuri Formation, 3 

Bedded kuroko deposit, 4: Gypsum doposit, 5 : Network deposit, 6: Clay bed and 

argilized rock, 7: Rhyolite, 8: Breccia, 9: Yoneyama dacrte 

Occurrence of ore samples 

As the old mine openings are closed, ore samples in the present study are collected 

from the dump. All of the samples are highly silicified and fractured. Thus these ores 

are regarded to have derived from the network and disseminated deposits . Constituent 

minerals in ore samples are listed in Table 1 
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Table I . Mineral assemblage of the lwami deposrts 

MineraVSanp1eNo． K4 K12 K13 K19 K22 K1 K1O K16 K17 K20 K40 K14 K24

Quartz ◎ ◎ ◎ ◎ ◎ ◎ ◎ ◎ ◎ ○ ○ O ◎

Pyrie ○ ○ ◎ ◎ ○ ○ O O

Spha1erite ● ○ ○ ○ ○ ○ ○ ○ ○ ◎

Ga1ena O ○ O ○ ・○ ○ ◎

Cha1copyhte ● ○ ●

O ○ ○ ○ ○ O

Tetrahedrite ● ● ●

Luzonite ■ ■ ● ● ●

Enargite ■

Bornite ■ ● ■

Cove11ite ● ● ● ■

E1ectmm ●

Au－Ag－Teminera1 ●

Ch1orite ○ O
■

I11ite ○ O
● ●

Carbonate ○ ○

C abundant, O common not so common o rare , 

In samples, K2, 3, 7, 8, 11, 15 and 18, omitted in Table 1, quartz is the most 

dominant mineral and moderate amount of chlorite and illite are associated. Whereas 

sulfide minerals are very small in amount and occur only in quartz veinlet 

Samples K14 and K24 are high-grade ores. Sample K14 is mainly composed of 
galena. The fractures of ore are filled with quartz, galena, pyrite, sphalerite, chalcopy-

rite, very small amounts of tetrahedrite, bornite and covellite. Sample K24 is com-

posed mainly of brecciated sphalerite grains, Iess than I cm in diameter, and fractures 

are filled with quartz. Euhedral or unhedral pyrite and chalcopyrite occur in sphalerite 

and quartz , associated with tennantite and luzonite forming very small grains (Fig . 3) 

Other samples are low-grade siliceous ores. In samples K4, 12, 13, 19 and 22, very 

fine grained pyrite, sphalente and chalcopyrite distribute in quartz. There are many 

cavities which are filled with euhedral quartz, pyrite and clay minerals. In samples K1 

and 10, small amounts of sphalerite, galena, pyrite and chalcopyrite occur along the 

fractures. Sphalerite is brecciated and associated with very small amounts of tet-

rahedrite, Iuzonite, bornite and covellite (Fig. 4) . In samples K16 and 17, pyrite of 

later stage forms overgrowth on brecciated sphalerite and subhedral pyrite (Fig. 5). In 

samples 20 and 40, coarse grained sphalerite, galena, chalcopyrite and euhedral pyrite 

form aggregate in quartz , associated with luzonite , calcite and siderite (Fig. 6) 



Ore minerals of lwami kuroko deposit 

Fig. 3. Photomicrograph of brecciated sphalerite (Sample: K24) . 

SP: Sphalerite, PY: pyrite, CP: chalocopyrite, QZ: quartz. 
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Fig. 4. Photomicrograph of brecciated sphalerite (SP) with pyrite (PY) , chalcopyrite (CP) 

and galena (GN) in the low-grade ore (Sample: K1) 

Mimeralogy 

Analytical method 

To make thin sections for microscopic observation and electron microprobe analy-

sis, ore samples were penetrated by regin in vacuum jar and hardened at 60'C for 24 

hours, since the ores are generally vesicular and fragile 

Minerals are identified by using ore microscope, X-ray powder diffractometer and 

electron microprobe analyzer (EPMA) . Fine grained carbonates were examined not 

only by EPMA but also by acid corrosion 

fig009-1.pdf


94 

Fig. 5. 
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Photomicrograph of brecciated sphalerite (SP) and overgrowing pyrite (PY) 

(Sample: K16) 

Fig. 6. Photomicrograph of coarse grained sphalerite (SP) , galena (GN) , chalcopyrite 

(CP) and pyrite (PY) in quartz (QZ) and calcite ( + siderite) (CAL) (Sample 

K20) . 

Chemical analysis was carried out with JEOL JXA-733 electron microprobe 

Accelerating voltage, beam current and beam diameter are 20 kV, 0.02 pA and 2-5 pm, 

respectively. Standards used are synthetic CdS (for Cd, S), Sb2S3 (Sb, S), PbS (Pb), 

Bi5Se4S (Bi, Se), MnO (Mn), CoO (Co), NiO (Ni), GaAs (As), metal In, Sn, Bi, Cu, 

Au, Ag, Te, natural Ag2S (Ag) , ZnS (Zn, S) and Fe203 (Fe) . ZAF correction was 

employed 

The X-ray powder diffraction was carried out with a RIGAKU X-ray powder 
diffractometer by using Cu radiation 

fig009-2.pdf
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Pyrite ' 

Pyrite is common mineral in the ores, and is divided into early stage one and later 

stage one. Early stage pyrite is euhedral to subhedral form with 0.1 mm in diameter, 

and distributes in quartz and rim of sphalerite grain . It contains droplike chalcopyrite , 

bornite, galena and covellite, about 0.01 mm in diameter (Fig. 7). Unhedral pyrite of 

later stage encloses early stage pyrite (Fig . 8) 

Representative analyses are listed in Table 2. Trace amounts of Co, Cu, Zn, Au, 

Ag, Pb, Bi and As are detected. The compositional difference between early stage 

pyrite and later stage one is not observed. Rarely greenish yellow region, which is 0.04 

Fig. 7. Photomicrograph showing bornite (BN) and covellite (CV) in pyrite (PY) . CP: 

chalcopyrite 

Fig. 8. Photomicrograph showing early stage pyrite (PY) and later stage one 

fig009-3.pdf
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Table 2. EPMA analyses of pyrite 

KI0-103 K14-101 K16-101 K16-105 K20-103 K24-102 

Mn 
Fe 

Co 
Cu 
Zn 

Au 
Ag 
Pb 
Bi 

As 
S
 
To t al 

O . OO 

45 . 62 

0.01 

0.39 

0.00 

O . OO 

O . OO 

O . 22 

0.17 

O . OO 

53 . 19 

99 . 60 

O . 07 

47 . 48 

O . 04 

O . OO 

0.00 

O . 04 

O . OO 

0.31 

O . 23 

O . 02 

51.75 

99 . 94 

O . OO 

46 . 75 

O . OO 

O . 04 

0.00 

0.01 

O . OO 

0.00 

0.16 

0.19 

50.97 

98 . 12 

O . 06 

46 . 52 

O . 04 

1 .79 

O . OO 

O . OO 

0.01 

O . 27 

O . 23 

O . 85 

49.76 

99.53 

O . OO 

46 . 76 

O . 04 

0.01 

0.01 

O . 07 

O . OO 

O . 20 

0.30 

O .02 

5 1 .45 

98 . 86 

O . OO 

46 .36 

0.01 

O . 24 

O . 03 

O . OO 

O . OO 

0.18 

O . 20 

O . OO 

53 . 24 

100.26 

Structural formula 

Mn 
Fe 

Co 

Cu 
Zn 

Au 
Ag 
Pb 

Bi 

As 
S
 

Total 

O . OOO 

0.985 

O . OOO 

O . 007 

O . OOO 

O . OOO 

O . OOO 

0.001 

0.001 

O . OOO 

2.000 

2 . 994 

O . OOO 

1 . 053 

0.001 

O . OOO 

O . OOO 

O . OOO 

O . OOO 

O . 002 

0.001 

O . OOO 

2.000 

3 . 057 

O . OOO 

1 .053 

0.001 

0.001 

O . OOO 

O . OOO 

O . OOO 

O . OOO 

0.001 

O . 003 

2 . OOO 

3 . 059 

0.001 

1 .073 

0.001 

0.036 

O . OOO 

O . OOO 

O . OOO 

O . 002 

0.001 

0.015 

2 . OOO 

3 . 129 

O . OOO 

1 .043 

0.001 

O . OOO 

O . OOO 

O . OOO 

O . OOO 

0.001 

O . 002 

O . OOO 

2 . OOO 

3 . 047 

O . OOO 

1 . OOO 

0.000 

O . 005 

0.001 

O . OOO 

O . OOO 

0.001 

0.001 

O . OOO 

2 . OOO 

3 . 008 

mm in diameter and rich in very fine cavities, rs found in pyrite grain . The chemical 

composition of this region is relatively rich in Cu (1.79wt.%) and As (0.85 wt.%) (No 

K16-105 in Table 2). 

Sphalerite 

Sphalerite occurs commonly as euhedral crystals up to about 10 mm in diameter, 

subhedral grains less than 5 mm in size and brecciated fragments with 0.3 to 20 mm in 

diameter. It is generally yellow green in color, and sometimes shows zonal structure 

It shows chalcopyrite disease in the rim and along the fracture and grain boundary (Fig 

9) . Sphalerite associated with galena and tetrahedrite has reddish brown band (Fig 
10) . 

Representative analyses are listed in Table 3 . These are almost consistent with 

sphalerite compositions in the network deposits reported by MUKAlYAMA et al. (1974) 

and URABE (1974a); Zn 61-68, Fe 0.1-3, Mn 0-0.1, Cu 0-0.6, Cd 0-0.9, Pb 0.05-0.69 
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Fig. 9. Photomicrograph showing chalcopyrite disease in sphalerite 
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Fig. 10. Reddish brown band in sphalerite and line scan profile for Cu Ka and Fe Ka 

fig009-4.pdf
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Table 3 . EPMA analyses of sphalerite 

KI0-204 

K14-201 K24-202 
K16-203 K16-204 K20-20 1 

Mn 
Fe 

Co 
Cu 
Zn 

Au 
Ag 
Cd 
In 

Pb 
Bi 

As 
S
 

Total 

O . 03 

O . 60 

O . OO 

O . 27 

65 . 19 

0.38 

O . OO 

0.30 

O . OO 

O . 22 

O . 20 

O . OO 

32.32 

99.51 

O . 07 

O . 28 

O . OO 

O . 09 

65 .50 

O . 26 

0.00 

0.24 

O . OO 

0.19 

0.19 

O . 04 

32.74 

99 . 60 

O . 02 

O . 44 

O . OO 

O . OO 

65 . 87 

O . 43 

0.00 

O . 26 

O . OO 

0.16 

0.15 

O . OO 

32 .70 

1 OO . 03 

0.01 

O. 16 

0.01 

O . 04 

66.30 

O . 39 

0.00 

O . 25 

O . OO 

0.17 

O. 15 

O . 06 

32.31 

99.85 

O . 02 

0.37 

O . OO 

O . 24 

66 .26 

O . 28 

O . OO 

O . 35 

O . 04 

0.13 

0.14 

O . OO 

32 . 25 

1 OO . 08 

O . 04 

O . 97 

0.01 

O . OO 

66.54 

O . 22 

O . 04 

O . 28 

0.02 

O. 14 

0.21 

O . OO 

31.92 

100.39 

Structural formula 

Mn 
Fe 

Co 
Cu 
Zn 
Au 
Ag 
Cd 
In 

Pb 
Bi 

As 
S
 

Total 

O . OOO 

0.011 

O . OOO 

0.004 

0.989 

O . 002 

O . OOO 

O . 003 

O . OOO 

0.001 

0.001 

0.000 

1 . OOO 

2.011 

0.001 

O . 005 

O . OOO 

0.001 

0.981 

0.001 

O . OOO 

O . 002 

O . OOO 

0.001 

O . OO1 

0.000 

1 .OOO 

1 .993 

O . OOO 

O . 008 

O . OOO 

O . OOO 

O . 988 

O . 002 

O . OOO 

O . 002 

O . OOO 

O . OO 1 

0.001 

O . OOO 

1 .OOO 

2 . 002 

O . OOO 

O . 003 

O . OOO 

0.001 

1 .006 

O . 002 

O . OOO 

O . 002 

O . OOO 

0.001 

O . OO1 

0.001 

1 . OOO 

2.017 

O . OOO 

O . 007 

O . OOO 

O . 004 

1 .008 

0.001 

O . OOO 

O . 003 

O . OOO 

0.001 

0.001 

O . OOO 

1 .OOO 

2 . 025 

0.001 

0.017 

O . OOO 

O . OOO 

1 . 022 

0.001 

O . OOO 

O . 003 

O . OOO 

0.001 

0.001 

0.000 

1 . OOO 

2 . 046 

wt.% . Present result indicates that sphalerite contains Au, Bi and Pb up to 0.43, 0.21 

and 0.22 wt.% , respectively. As indicated in Fig. 10, Cu content in the reddish brown 

band is relatively higher than that in the adjoining colorless part 

Galena 

Galena occurs with sphalerite and shows mottled texture each other. It also occurs 

with pyrite and chalcopyrite in the rim and cavities of sphalerite. Galena often shows 

euhedral form, about 0.2 mm in diameter, in the high-grade ores (Fig. 1 1), though it is 

generally unhedral form, Iess than 0.2 mm in diameter 
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Fig－11． Euhedra1ga1ena（GN）and　unhedra1pyr1te（PY）m　cha1copynte（CP）

　　　　　　　Tab1e4．EPMA　ana1yses　of　ga1ena

K1O－302　　　K14－302　　　K16－301 K20－301

Fe

Co
Ni

Cu
Zn

Au
Cd
Pb
Bi

S
Tota1

O．OO

O．OO

O．O0

0，01

0．OO

O．OO

O．O0

85，04

0．44

13．40

98．89

　O．02

　0，01

　0．OO

　O．05

　0．OO

　O．OO

　O．03

87，54

　0．54

12．32

100．51

O．01

0．OO

O．OO

O．03

0，02

0，01

0．O0

85，77

0．51

13．40

99．75

O．01

0．OO

O．01

0．OO

O．OO

O．03

0．03

8615
　O．41

13．44

100．08

Stmctura1fomu1a

Fe

Co
Ni

Cu
Zn

Au
Cd
Pb
Bi

S
Tota1

O．OO0

0．000

0．OOO

O．O01

0．OOO

O．OOO

O．OOO

O．983

0．O05

1．OO0

1．9書9

O．O01

0．OOO

O．OOO

O．O02

0．OOO

O．OOO

O．O01

1．099

0．O07

1．OO0

2．110

O．OOO

O．OOO

O．OOO

O．O01

0．O01

0．OOO

O．OOO

O．991

0．O06

1．OO0

1．999

O，OO0

0．OOO

O．OOO

O．OOO

O．OOO

O．OOO

O．O01

0．992

0．O05

1．OO0

1．998

99

fig009-5.pdf
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Representative analyses of galena are listed in Table 4. It is noted that galena 

contains 0.41-0.54 wt.% of Bi 

Chalco p yrite 

Chalcopyrite encloses the euhedral to subhedral pyrite and euhedral galena (Fig 

1 1), and fills fractures in the sphalerite . Chalcopyrite and galena often show mottled 

texture each other. Fine-grained dots of chalcopyrite, about 0.01 mm in diameter, 

occur in sphalerite , galena and pynte 

The chalcopyrite forming dots in pyrite contains Ag up to I .49 wt.% (No. K16-402 

in Table 5). 

Table 5 . EPMA analyses of chalcopyrite 

K1-401 K14-401 K16-402 K20-401 

Mn 
Fe 

Co 
Ni 

Cu 
Zn 

Au 
Ag 
Cd 
Pb 

Bi 

As 
S
 

Total 

O . OO 

30.81 

O . 06 

O . 05 

33.52 

0.59 

O . 25 

0.06 

O . 02 

O . 23 

O . 30 

0.00 

34 . 02 

99.91 

O . OO 

30.19 

O . 02 

O . OO 

33 .48 

O . 04 

O . 06 

O . 03 

O . OO 

0.15 

O . 24 

0.01 

34.98 

99.20 

O . 03 

30. 68 

O . 05 

O . 04 

32.88 

0.14 

0.16 

1 .49 

O . 06 

O . OO 

0.15 

0.14 

33 .93 

99 .75 

O . OO 

30 . 48 

O . 02 

O . OO 

33 .32 

O . 04 

O . 07 

O . OO 

O . OO 

0.18 

O . 20 

O . 03 

35 . 30 

99 . 64 

Structural formula 

Mn 
Fe 

Co 
Ni 

Cu 

Zn 

Au 
Ag 
Cd 
Pb 

Bi 

As 
S
 

Total 

O . OOO 

1 . 040 

O . 002 

O . 002 

0.994 

0.017 

O . 002 

0.001 

O . OOO 

O . 002 

O . 003 

O . OOO 

2 . OOO 

4 . 063 

O . OOO 

0.991 

0.001 

O . OOO 

O . 965 

0.001 

0.001 

0.001 

O . OOO 

0.001 

O . 002 

O . OOO 

2 . OOO 

3 .963 

0.001 

1 .038 

O . 002 

0.001 

0.978 

O . 004 

0.001 

O . 026 

0.001 

O . OOO 

0.001 

O . 004 

2 . OOO 

4 . 057 

O . OOO 

0.991 

O . OO1 

O . OOO 

O . 952 

0.001 

0.001 

O . OOO 

O . OOO 

O . 002 

O . 002 

0.001 

2 . OOO 

3 . 95 1 
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τθ肋加〃晩α〃蛇〃〃o〃倣θ

　　　　Tetrahedr1te　o㏄urs　as　mhedra1gram，1ess　than　O05mm　m　d1ameter，m　ga1ena　and

m　the　redd1sh　brown　band　of　spha1er1te　It　a1so　occurs　as　dots　m　ga1ena　Tennant1te

　　　　　　　　　　　　　　　　　　Tab1e6　EPMA　ana1yses　of　tetrahednte－tennant1te

K1－504 K1O－501 K14－501 K14－506K14－507K16－506K16－510K16－518K20－502K24－501

Mn
Fe

Co
Ni

Cu
Zn

Au
Ag
Cd
In

Sb

Pb
Bi

As
Te

S
Tota1

O．00

4，09

0．OO

O．O0

42，90

5，60

0．OO

O．12

0，00

0，00

0．O0

0．OO

O．00

18，47

0．O0

28．20

99．38

　O．02

　3，61

　0，01

　0．02

42，44

　4，83

　0，20

　0，13

　0，06

　0，03

　1，21

　0，23

　0．14

19，53

　0．O0

28．49

100．95

　O．O0

　2，19

　0，01

　0．O0

34，66

　5，13

　0，01

　4，18

　0，02

　0．O0

27，70

　0．OO

　O．O0

　2，64

　0．O0

24．74

101．28

　0，02

　0，59

　0．OO

　O．00

35，35

　6，90

　0，04

　3，26

　0，05

　0．O0

25，86

　0．OO

　O．O0

　3，47

　0．O0

25．32

100．86

O．OO

O．68

0．OO

O．O0

36，93

5，87

0，09

1，67

0，03

0．O0

23，80

0，25

0，08

3，50

2．30

24．61

99．81

　O．O0

　1，88

　0．OO

　O．O0

41，55

　6，98

　0．OO

　O．04

　0，02

　0．OO

　O．OO

　O．OO

　O．O0

22，17

　0．O0

27．99

100．63

　O．OO

　O．62

　0，02

　0．O0

37，59

　7，54

　0．OO

　O．83

　0，04

　0．O0

23，29

　0．OO

　O，O0

　4，90

　0．O0

26．42

101．25

　O．OO

　O．68

　0．OO

　O．O0

41，82

　8，41

　0．OO

　O．13

　0．OO

　O．O0

　5，68

　0．O0

　0．O0

16，08

　0．O0

27．72

100．52

　O．01

　0，99

　0．OO

　O．O0

34，78

　5，75

　0，19

　2，84

　0，33

　0．O0

30，29

　0，19

　0，07

　1．OO

　O．O0

25．21

101．65

　O．O0

　6，91

　0，03

　0．01

43，94

　0，10

　0，15

　0，15

　0，02

　0．O0

　5，65

　0，19

　0．17

15，65

　0．O0

27．94

100．91

Stmctura1formu1a

Mn
Fe

Co
Ni

Cu
Zn

Au
Ag
Cd
In

Sb

Pb
Bi

As

Te

S
T6亡a1

0．OO0

1．082

0．OOO

O．O00

9．976

1．265

0．OOO

O．016

0．OOO

O．OOO

O．000

0．OOO

O．OO0

3・φ43

0．O00

13．OO0

28．982

O．O06

0．946

0．O03

0．O04

9．786

1．082

0．015

0．017

0．O08

0．O04

0．145

0．016

0．010

3．777

0．OO0

13．OO0

28．819

O．OOO

O．661

0．003

0．OO0

9．188

1．322

0．O01

0．652

0．002

0．000

3．833

0．OOO

O．OOO

O．593

0．OO0

13．000

29．255

O．O05

0．174

0．OO0

0．OO0

9．155

1．737

0．O03

0．498

0．O07

0．OO0

3．496

0．000

0．O00

0．762

0．OO0

13．000

28．837

O．OOO

O．206

0．OOO

O．OO0

9．840

1．520

0．O08

0262
O．O04

0．000

3．309

0．020

0．O07

0．791

0．306

13．000

29．273

O．OOO

O．501

0．OOO

O．OO0

9．734

1．590

0．OOO

O．O06

0．O02

0．O00

0．OOO

O．O00

0．OO0

4．405

0．OO0

13．OO0

29．238

O．000

0．182

0．O06

0．OO0

9．637

1．928

0．OOO

O．125

0．O05

0．OO0

3．117

0．OO0

0．OO0

1．065

0．O00

13．O00

29．065

O．OOO

O．183

0．OOO

O．000

9．893

1．935

0．OOO

O．018

0．OOO

O．O00

0．701

0．OOO

O．OO0

3．227

0．OO0

13．OO0

28．957

0．O03

0．295

0．OOO

O．OO0

9．079

1．459

0．016

0．437

0．049

0．000

4．127

0．015

0．006

0．222

0．OO0

13．OO0

28．708

O．000

1．845

0．007

0．O03

10．314

0．023

0．011

0．020

0．O03

0．OOO

O．693

0．013

0．012

3．116

0．OO0

13．OO0

29．060
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15 

As (atom '/.) 
Cu-Ag, Fe-Zn and As-Sb variations of tetrahedrite and tennantite 

Straigft lipes represent ideal substitutions by Cu ~ Ag, Fe ~ Zn and As ~ Sb, 

= when the chemical formula is assumed to be (Cu, Ag)ro(Fe, Zn)2(Sb, As)4S13 
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occurs in chalcopyrite and sphalerite , as unhedral grains , Iess than O . 05 mm in diameter , 

and as veinlet 

As indicated in Table 6 and Fig. 12, compositional variations by substitutions of 

Sb ~=; As , Ag ~=; Cu and Fe ~=; Zn are remarkable . Generally tetrahedrite and tennan-

trte are nch m Zn Tetrahednte assocrated with pynte and chalcopyrite tends to 

S~'~ ." 

o.02 ( mlu) 

SB (wt%) 
23 

21 

As 

o.ol (~*) 

1.0 (~t%~) ･. AS _ 20 rV~~~ 

3
 

Line scan profile of tetrahedrite 

Horizotital line m tetrahedrite is 

p0~ition of . Iine scan. TET: tet-

rahedrite, GN: galena 

Fig. 13. 
Fig. 14. 

O
 

Llne scan profile of tennantite. Horizon-

tal line in tennaptite is scanning position 

TEN: tennantite, CP: chalcopyrite, SP 

sphalerite 

fig009-6.pdf
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contain more Fe than that with sphalerite and galena. A part of thtrahedrite contains 

moderate amount of Ag (Nos. K14-501, -502, -506 and -507) . Even in the one grain 

the tetrahedrite and tennantite are very heterogeneous in composition (Figs. 13 and 14) 

As indicated in Fig. 13, there are Te-rich regions in the tetrahedrite grain, whose Te 

content attains to 2.30 wt.% (No. K14-507 in Table 6) 

Luzonite and enargite 

Luzonite occurs around euhedral to subhedral pyrite crystals in chalcopyrite 

(MUl~IYAMA et al . , 1974) . It also occurs as veinlet in pyrite , sphalerite and chalcopy-

rite, and as dots in chalcopyrite. In sphalente, Iuzonite fills the cavities with pyrite, 

Fig. 15. Photomicrograph showing luzonite (LZ) , pyrite (PY) , tennantite (TEN) and 

chalcopyrite (CP) in sphalerite (SP) 

Fig. 16. Euhedral enargite (EN) in chalcopyrite (CP) 

fig009-7.pdf
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tennantite and chalcopyrite (Fig. 15). The refiection color is pinkish grey. The reflec-

tion pleochroism and anisotropy under crossed nicols are distinct , and lamellar twinning 

is observed. 

Enargite occurs as euhedral crystal, about 0.08 mm in length, with pyrite and 

chalcopyrite in sphalerite grain (Fig. 16). The reflection color is blueish green, and the 

reflection pleochroism is weak 

As listed in Table 7, Iuzonite and enargite contain 1-3 wt. % of Fe and 0-2 wt. % of 

Zn. 

Bormte 

The dots of bormte, Iess than 0.01 mm in diameter, occur with covellite, chalcopy-

rite and galena in pyrite grain (Fig. 7) 

Table 7. EPMA analyses of luzonite-enargite 

KI0-601 K24-602 K24-601 K20-602 

Fe 

Co 
Ni 

Cu 
Zn 

Au 
Ag 
Cd 
Pb 
Bi 

As 
S
 

Total 

1.46 

0.01 

O . OO 

46 . 48 

1.61 

O . 03 

O . 02 

O . OO 

0.14 

O . 24 

17.29 

33. 10 

100.38 

2 . 06 

0.01 

O . OO 

47 . 22 

O . 05 

O . 05 

O . 02 

O . OO 

0.19 

O . 29 

18.36 

31.76 

100.01 

3 .29 

0.01 

O . OO 

46 . OO 

O . 37 

O . 04 

O . 06 

O . 02 

O . 05 

0.21 

17.38 

32 . 80 

100.23 

1.01 

O . OO 

O . 02 

48 . 82 

0.16 

O . 06 

O . 02 

O . OO 

O . 08 

O . 23 

1 8 . OO 

31 . 10 

99 . 50 

Structural formula 

Fe 

Co 
Ni 

Cu 

Zn 
Au 
Ag 
Cd 
Pb 
Bi 

As 
S
 

Total 

0.101 

0.001 

O . OOO 

2 . 834 

O . 095 

0.001 

0.001 

O . OOO 

O . 003 

O . 004 

O . 894 

4.000 

7 . 934 

O . 149 

O . OOO 

O . OOO 

3 . OOO 

O . 003 

0.001 

O . OO1 

O . OOO 

O . 004 

O . 006 

O . 989 

4.000 

8 . 153 

O .230 

0.000 

0.000 

2 . 830 

O . 022 

O . OO 1 

O . 002 

0.001 

0.001 

O . 004 

O . 907 

4 . OOO 

7 . 998 

O . 074 

O . OOO 

0.001 

3 . 168 

0.010 

0.001 

O . OOO 

O . OCO 

O . 002 

O . 005 

0.991 

4 . OOO 

8 .252 
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Table 8. EPMA analyses of bormte 

K14-701 K16-701 K16-702 K24-701 

Mn 
Fe 

Co 
Ni 

Cu 

Zn 

Au 
Ag 
Cd 
In 

Pb 
Bi 

As 
S
 
Total 

O . OO 

13.21 

O . 02 

O .OO 

59.94 

O . 02 

0.18 

0.56 

O . OO 

O . OO 

0.50 

0.15 

O . 07 

25 . 12 

99 . 77 

O . 02 

14. 17 

O . 05 

O . 04 

56. 10 

O. 15 

0.33 

1 .32 

O . 04 

O . 05 

O . 07 

0.16 

0.01 

27. 33 

99 . 84 

O . 02 

14.16 

O . 05 

0.11 

55.52 

0.12 

O . 24 

1 .63 

O . 04 

0.01 

O . 20 

0.19 

O . 08 

29 . 12 

101 .49 

O . OO 

11.53 

O . 03 

0.01 

61 .37 

O . 03 

O . OO 

O . OO 

0.02 

O . OO 

0.11 

0.14 

O . OO 

26 .25 

99 .49 

Structural formula 

Mn 
Fe 

Co 
Ni 

Cu 
Zn 

Au 
Ag 
Cd 
In 

Pb 

Bi 

As 
S
 

Total 

O . OOO 

1 . 204 

O . 002 

O . 002 

4 . 799 

O . 002 

O . 005 

O . 027 

O . 027 

O . OOO 

0.012 

O . 004 

O . 005 

4 . OOO 

10.089 

0.001 

O . 893 

O . 003 

O . 002 

3 . 107 

O . 008 

O . 006 

O . 043 

0.001 

O . 002 

0.001 

O . 003 

0.001 

3 . OOO 

7.071 

O . 002 

1.116 

O . 004 

O . 008 

3 . 847 

O . 008 

O . 005 

O . 066 

O . 002 

O . OOO 

O . 004 

O . 004 

O . 005 

4 . OOO 

9 . 07 1 

O . OOO 

1 . 008 

O . 002 

O . 002 

4.718 

0.002 

O . OOO 

O . OOO 

O . OOO 

O . OOO 

O . 003 

O . 003 

0.000 

4.000 

9.738 

Representative analyses are listed in Table 8. Although chemical formula is simi-

lar to ideal Cu5FeS4, Cu and Fe contents vary by the Cu ~; Fe substitution. It is 

Interestmg that the chemical formula of No. K16-701 and K16-704, which coexist with 

covellite, should be represented to be Cu3FeS3 and Cu4FeS4, respectively, although 

mmerals of these chemical formula have not been reported 

Covellite 

Covellite occurs as dots , about O . O1 mm in diameter, with bornite and chalcopyrite 



Table 9. EPMA analyses 
of covellite 

KI0-801 K20-801 

Fe O . 03 O . 66 
Co O. OO O . 03 
Ni 0.01 0.04 
Cu 58.64 62.00 
Zn I . 64 O . 66 
Au O . OO O . 35 
Ag 6 . 70 O . OO 

Cd 0.00 0.10 
Pb 2 . 74 O . OO 
Bi O. 16 O .OO 
As 0.00 O . 66 
S 29 . 60 34. 69 
Total 99 .52 99. 19 

Structural formula 
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Fig. 17. Ag-rich covellite (CV) in sphalerite (SP) 

Fe O . OOI O . OOO 

Co 0.000 0.000 
Ni 0.000 O . OO1 
Cu O . 999 O . 902 
Zn O . 027 O . 002 
Au 0.000 O . 002 
Ag O . 067 O . OOO 
Cd O . OOO O . OO1 

Pb 0.014 0.000 
Bi 0.001 0.000 
As O . OOO O . 008 

S I .OOO I .OOO 
Total 2.109 1 . 916 Fig. 18. Electrum (EL) and petzite (PE) in sphalerite (SP) 

in pyrite grain (Fig. 7) , and as veinlets in the fractures or cleavages in the sphalerite, 

galena, pyrite and chalcopyrite 

A part of covellite (Fig. 17) contains Ag up to about 7 wt.% (No. KI0-801 in Table 

9) . 

Electrum and Au-Ag-Te minerals 

Rarely, very fine electrum grain, 0.03 mm in diameter, occurs with Au-Ag-Te 

minerals in sphalerite (Fig. 18). The Au-Ag-Te minerals occur in sphalerite and 

galena, and are sylvanite (AuAgTe4) , petzite (Ag3AuTe2) and hessite (Ag2Te), which 

are about 0.1 mm in diameter (Fig. 19) 

The chemical compositions are listed in Table 10. The electrum and Au-Ag-Te 

fig009-8.pdf
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::oL~'~'~~2 In__..ilQ:: 

Fig. 19. Petzite (PE) , sylvanite (SY) and hessite (HE) in shpalerite (SP) 

Table 10. EPMA analyses of Au-Ag-Te series mineral and electrum 

K20-902 K20-903 K20-905 K20-906 K20-907 

Fe 

Co 
Cu 
Zn 

Au 
Ag 
Cd 
Bi 

Te 
To t al 

O . OO 

O . OO 

O . 06 

2.53 

O . 29 

62 . 26 

O. 14 

O . 05 

35 . 63 

100.96 

O . OO 

O . OO 

O . 03 

O . 89 

O . 23 

62.91 

O. 12 

O . 08 

35 . 73 

99 . 99 

O . OO 

O . OO 

O . 03 

2 . 27 

21.15 

43 . OO 

0.06 

0.18 

31.70 

98 . 39 

O . OO 

O . OO 

O . OO 

1 . 18 

24 . 07 

12.94 

O . OO 

O . OO 

62 . 65 

100 . 84 

O. 15 

0.02 

0.07 

2.15 

86.75 

10.01 

O . OO 

O . 30 

0.13 

99 . 58 

Structural formula 

Fe 

Co 
Cu 
Zn 

Au 
Ag 
Cd 
Bi 

Te 
Total 

O . OOO 

O . OOO 

O . 003 

0.139 

O . OO5 

2 . 067 

O . CO4 

0.001 

1 . OOO 

3.219 

O . OOO 

O . OOO 

O . 002 

O . 048 

O . 004 

2 . 083 

O . 004 

0.001 

1 .OOO 

3 . 142 

o . ooo 

O . ooO 

o . 004 

O . 279 

o . 865 

3 . 209 

O . 004 

O . 007 

2 . coO 

6.368 

O . OOO 

O . OOO 

O . OOO 

0.148 

O . 995 

O . 997 

O . OOO 

O . OOO 

4 . OOO 

6. 140 

O . 005 

0.001 

O . 002 

0.058 

O . 768 

0.162 

O . OOO 

O . 002 

O . 002 

1 . OOO 

fig009-9.pdf


Ore minerals of lwami kuroko deposrt 109 

minerals contain small amount of Zn 

Gangue minerals 

Quartz is the most dominant gangue mineral. It fills the fractures in the sulfide 

minerals , and forms euhedral crystals in the cavities. It includes fine grained sulfide 

minerals . Chlorite and illite occur in the cavities of ores. Calcite and small amount of 

siderite occur as small grains or veinlets in the high-grade ores 

Discussion 

Ore minerals and mineral compositions 

Although the lwami kuroko deposits were one of the typical kuroko type deposits 

in Japan , ore minerals reported so far are only sphalerite , galena, pynte , chalcopyrite, 

tetrahedrite, Iuzonite (MUKAlYAMA et al . , 1974) and bornite (URABE, 1974a) . In addi-

tion to these minerals , we confirmed tennantite , enargite , covellite , electrum , sylvanite, 

petzite and hessite . Most of these minerals have been confirmed in other kuroko 

mines which is summarized in SHIMAZAKI (1974) and MATSUKUMA (1989) . Whereas 

Au-Ag-Te minerals, such as sylvanite, petzite and hessite, have been not reported 

MATSUKUMA (1989) mentioned that tellurides have not been found from any kuroko 

deposits . However, as indicated clearly in the present study, Au-Ag-Te minerals are 

ore minerals of kuroko deposit 

Chemical compositions of sphalerite from the lwami mine have been reported by 

MUKAIYAMA et al (1974) and URABE (1974a) . The present results are consistent with 

theirs . YUl (1984) suggested that the yellow brown-reddish brown part in sphalerite is 

due to relatively high Cu, As and Sb contents. In the present study, it was found that 

the reddish brown band in sphalerite is relatively high in Cu content, whereas As and Sb 

variations are not observed 

The chemical compositions of other ore minerals from the lwami kuroko deposits 

have been not reported. The present results of chemical analyses for ore minerals show 

that the minerals are generally variable in composition, as described before. It is 

interesting that in pyrite there is a part where Cu and As contents attain to I .79 and O . 85 

wt.% , respectively, that dots of chalcopynte in pyrite contain Ag up to I .49 wt.% , and 

that a part of covellite contains moderate amount of Ag. In this paper, the minerals 

whose chemical formulae are Cu3FeS3 and Cu4FeS4 are described as bornite . However 

further investigation is needed 

The tetrahedrite-tennantite minerals in the present study are generally rich in Zn 

SHIKAZONO and KOUDA (1979) suggested that, in Zn-rich tetrahedrite. Cu + Ag and Zn + 

Fe values deviate from the ideal chemical formula, (Cu, Ag)ro(Zn, Fe)2 (As, Sb)4S13' 

and that the chemical forumula should be represented to be (Cu, Ag, Zn, Fe)12(As, 

Sb)4S13' In fact, as indicated in Fig. 12, Cu +Ag values are generally less and Fe + zn 
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values are more than the ideal values of the formula, (Cu, Ag)ro(Zn, Fe)2 (As, Sb)4S13' 

suggesting that moderate amount of Fe + Zn occupies (Cu , Ag)-site . YAMAOKA and 

NEDACHI (1980) also reported the same tendency for tetrahedrite from kuroko deposits 

Since this phenomenon is observed in Zn-rich teterahedrite, it is speculated that 

moderate amount of Zn occupies (Cu, Ag)-site (SHIKAZONO and KouDA, 1979) 
Although tetrahedrite-tennantite mineral in the lwami deposits shows considerable 

variation in As and Sb, As-rich species are more than Sb-rich ones. This is consistent 

with the suggestion by SHIKAZONO and KOUDA (1979) . The zonal structure of tet-

rahedrite-tennantite series minerals has been studied by YAMAOKA (1969), Yul (1971), 

SHIMAZAKI (1974) . YAMAOKA and NEDACHI (1980) , HACKBARTH and PETERSEN (1984) and 

SHIMA (1988). The tetrahedrite-tennantite minerals in the present study also show 

zonal structure by Sb t:;As substitution. Generally Fe and Te show more complex 

variations than those shown in Fig. 13 
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Log fS2-temperature diagram for common sulfides and sulfosalts (after BARTON 

and SKlNNER, 1966; UI~ABE, 1974b) 

PO: pyrrhotite, PY: pyrite, DIG: digenite, CV: covellite, LZ: Iuzonite, TEN 

tennantite, S(V): sulfur vapor, S(L): sulfur liquid, (1): 0.1 mol% FeS of sphaler-

ite, (2): 1.0 mol% FeS of sphalerite 
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Mineralization sequence and conditions 

By the petrographical observations on the textures of ore minerals , mineralization 

sequence of the network and disseminated deposits may be speculated as follows ; first, a 

large amount of quartz crystallized with fine grained pyrite . Second, sphalerite and 

galena crystallized mainly with small amounts of chalcopyrite and tetrahedrite. Elec-

trum and Au-Ag-Te minerals (sylvanite , petzite and hessite) are regarded to have 

crystallized in this stage , because these occur only in sphalerite and galena. Next, 

coarse grained pyrite, associated with small amounts of bornite and covellite , and 

chalcopyrite , associated with tennantite , Iuzonite and calcite , crystallized. Finally, 

small amounts of luzonite , covellite , calcite and siderite formed veinlets m ore minerals 

previously crystallized 

MU~lYAMA et al . (1974) estimated the temperature of ore formation by the data of 

filling temperatures of inclusions in sphalerite and quartz ; higher temperatures of the 

netwrok deposits are 200-250'C, which are consistent with those of bedded kuroko 

deposits, and the lowest temperatures 177-192'C. By using FeS content in the sphaler-

ite, YOSHIDA et al. (1977) estimated fS2 to be 10-13_10-9'5 atm. If this fS2 condition is 

assumed to have been almost constant during the mineralization , crystallization of 

luzonite and covellite in the last stage can be well explained by the decreasing 

temperature (Fig. 20) . 
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