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ABSTRAc"I

Indium-tin mineralization is observed in the Omodani,
Akenobe, Fukoku, and Ikuno deposits, which are Cu-
dominant polymetallic veins of late Cretaceous to early
Tertiary age in the Inner Zone of southwestern Japan. The
indium-tin-bearing ores are commonly composed of roque-
site (CuInS2), stannoidite, sphalerite, tennantite-
tetrahedrite, chalcopyrite and quartz, with local bornite,
mawsonite, galena and arsenopyrite. The iron content of
the sphalerite that coexists with roquesite, stannoidite and
tennantite-tetrahedrite is very low. Temperatures of for-
mation based on fluid-inclusion data on quartz from the
Omodani and Akenobe deposits are in the range from 285o
to 3looc. The 6:+5 values ofthe roquesite-b-earing tin ores
are virtually constant (-0.8 to +0.3y65 ). Based on these
descriptions, possible ranges in sulfur activity during for-
mation of the roquesite-bearing tin ores are estimated to
be approximately l0-8 to l0{ atm., and the temperature
was greater than 285oC.

Keywords: roquesite, polymetallic vein-type deposits, sul-
fur isotopes, activity of sulfur, temperature, Omodani,
Akenobe, Fukoku, Ikuno, Japan.

SoMMAIRE

Une min€ralisation i indium-dtain a &6 documentde darrs
les gisements de Omodani, Akenobe, Fukoku et lkuno, tous
des systbmes de fissures polym6talliques d dominance de
Cu, d'6ge cr€tac6 tardif d tertiaire pr6coce, situ6s dans la
zone interne du Sud-Ouest du Japon. Le minerai i In-Sn
contient couramment roquesite (CuInS), stannoidite,
sphaldrite, tennantile*t6tra6drite, chalcopyrite et quartz,
ainsi que bornite, mawsonite, gal&ne et ars6nopyrite acces-
soires. La teneur en fer de la sphaldrite en coexistence avec
roqucite, stannoidite et tennantite-tetra€drite est trb faible.
D'apr0s les donndes sur les inclusions fluides du quartz des
gisements d'Omodani et d'Akenobe, la temp€rature de for-
mation du minerai aurait 6te entre 285 et 3l0oC. Ls valeurs
de FaS du minerai d'6tain contenant de la roquesite sont
i peu prds constantes (-0.8 e + 0.3700). L'activit€ en sou-
fre au cours de la formation du minerai aurait €t6 d'envi-
ron l0-8 i 10-6 atm., et la tempdrature, sup6rieure i
2850C.
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INrnooucrIoN

Since the first report of the occurrence of roque-
site in Japan, from the Eisei vein of the Akenobe
deposit (Kato & Shinohara 1968), no additional
roquesite has been described. This report documents
new occurrences of roquesite in tin ores from the
Omodani @ukui Pref.), the Akenobe (Hyogo Pref.),
the Fukoku (Kyoto Pref.), and the Ikuno deposits
(Hyogo Pref.), in the Inner Zone of southwestern
Japan. These deposits are subvolcanic-type (e.g.,
Schneiderhdhn 1955) Cu-dominant polymetallic
veins. The indium-bearing tin ores are characteristi
cally composed of roquesite, stannoidite, sphalerite,
members of the tennantite-tetrahedrite series, bor-
nite and chalcopyrite. Stannite and kesterite have not
been found. Information on possible activiry of sul-
fur and temperature of formation of the roquesite-
bearing ores can be estimated on the basis of
electron-microprobe and thermochemical data, and
fluid-inclusion data obtained on the coexisting
quartz.

Dnsczuprron oN Tm DEPosrrs
AND ORE MTNTNANOCY

The Omodani, Akenobe, Fukoku, and Ikuno
deposits are located in a former tectonically active
zone called the Maizuru belt or the Hida marginal
tectonic belt, between metamorphic and nonmeta-
morphic belts (Fig. 1). The Maizuru belt probably
was a convergent plate margin during the late
Paleozoic. Granitic batholiths, ultramafic rocks, and
pelitic rocks with lignite exist in the vicinity of each
deposit. The specimens are described below, and
have been deposited at the University Museum of the
University of Tokyo and National Scienc€ Museum.
Some were collected by the present authors.
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Frc. l. Locations oftlte Omodani, Akenobe, Fukoku, and
Ikuno deposits in the Inner Zone of southwest Japan.

Omodani Cu-Zn-Pb-Ag deposit

Omodani is located at Izumi-mura, Ono-gun,
Fukui Prefecture, in the Hida marginal tectonic belt
between the Hida metamorphic complex (Hida belt)
and the nonmetamorphic rocks to the south (Mino-
Tamba belt). The veins lie within the Omodani rhyo-
lite (Kawai 1956), correlated with the Nohi rhyolite
(Makiyama et al. 1975), which covers Mesozoic
sedimentary rocks. The Omodani rhyolite is mainly
composed of welded tuff (70-75 wt. 9o SiO), tuff
breccia, tuff (71-75 wt.9o SiO), and granite por-
phyry (ca. 77 wL.tlo of SiO2). The K-feldspar from
the welded tuff and granite porphyry gives K-Ar ages

of 56.9 t 2.8 Ma and 51.9 x. 2.6Ma, respectively
(Ministry of International Trade and Industry of
Japan 1980).

Total production of the deposit from 1888 to 1966
was 4.4 x 105 tonnes of ore with average grades of
1-5 7o Cu, 3-20 olo Zn,4-6 {o Pb, and 85 grams
per tonne of Ag. Ore specimens studied are largely
composed of bornite, sphalerite, tennantite, stannoi-
dite, chalcopyrite, and small amounts of ldllingite,
mawsonite, galena, and native silver (Table l). Gan-
gue minerals are quartz, chlorite, fluorite, K-
feldspar of the adularia habit and calcite. Roque-
site is associated with bornite, sphalerite, stannoi-
dite, mawsonite, galena, and arsenopyrite (Fig. 2A).

Akenobe Cu-Zn-Sn-Ag deposit

The geology of the Akenobe mining district, Oya-
cho, Yabu-gun, Hyogo Prefecture, has been studied
by Kato (1920), Saigusa (1958), Muraoka & Ikeda
(1968), Kojima & Asada (1973), Sato e/ al. (1977),
and Shiozawa (1984). It is located in the Maizuru
belt between the Sangun metamorphic belt to the
north and the unmetamorphosed Mino-Tamba belt
to the south. The products of mineralization are
hosted in sedimentary and volcanic rocks of the
Maizuru Group, of Permian age. K-Ar ages of dikes
from the district indicate that the post-ore felsite
(granophyre) is 57.8 + 2.9 Ma and 52.6 t 2.1 Ma,
and the pre-ore rhyolite is 72.8 r 2.9 Ma (Ishihara
& shibata 1972).

Total production from 1935 to 1986 is 1.7 x 107
tonnes of ore, and average grades are I . I 9o Cu,2.00/o
Zn,0.4Vo Sn, and 20 g/t of Ag. Roquesite was dis-
covered in the N 2l stope, -8th level of the Eisei vein
of this deposit, where it occurs with chalcopyrite,
quartz and siderite (Kato & Shinohara 1968). The
roquesite-bearing ores used in this study were recently
collected from the l4th level of the Chiemon No. 4
vein, and are principally composed of sphalerite,
tetrahedrite, stannoidite, bornite, chalcopyrite, and
lesser amounts of mawsonite, galena, ferberite, cas-
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TABLE 1. FIINEML ASSEI'tsLAGE OBSERVED IN SPECII'1ENS STUDIED AND MNGE OF FE".NN (ATOilIC)

Ore DelpElt
OBodEni

Fez- /Zn
lff i. wt..8 In (.)

Alenebe
Fez' / zn
w .  s L . $  I n  ( * )

Fukoku
Fez' / zn
nax .  r f .8  In  ( r )

Ikune.
gez* / Zn
&ax.  $ t . .9  h  ( * )

Sd cp
+ +
0 . 0 7 - 0  , 3 2

( 8 )  0 , 0 9  ( 1 0 )  0 . 0 9  ( 1 3 )
+ ++ + Msrcn

0 .  0 5 - 0 .  3 8
( 1 0 )  0 . 1 1  ( 1 1 )  0 . 0 8  ( 8 )
+ ++ + Mw,l'ld

o . 4 5 - O  . 7 2
( 6 )  o . 3 0  ( 1 4 )  0 . 2 1  ( 3 3 )
+ ++ + Aprcn

0 . 9 7 - 1 . 4 9
( 1 5 )  0 . 1 3  ( 2 3 )  0 . 3 1  ( 3 5 )

tbbr€viatlong: Ag nativ€ ailver, Ap areenopyrlte, Bn bornlt€, cp chaLcopyrite, cn galena, I- loLlingite,
ltd mtlldlte, Ms nausonite, Rq roqueglte, Sd Btmoidite, gp sphalerite, Tn-Td temiltite-
t€trahedrite ++ comon, + lesa comn.

.) nuober of enalysis
aa) sphalerl-te tmr€st Ln Cui there are &any tiny chalcopyrite inclusions in gphalerite.

Sp Tn-Td
++ ++
o . o o l "  o . 2 a - o . 3 7
0 . 8 3  ( 1 6 )  0 . 0 7  ( 1 9 )
++ ++
0 .  0 0 3 - 0  . 0 0 5  0  .  0 3 - 0  .  1 2
0 . 4 8  ( e )  0 . 0 5  ( 1 9 )
a + i
0 . 0 0 4 - 0 . 0 1 5  0 . 8 8 - 1 . 2 5
0 . 0 8  ( 2 0 )  0 . 9 8  ( 1 2 )
* +
0 . 0 1 6 - 0 . 0 3 6  1 . 6 5 - 2 . 0 0
1 . 6 1  ( 7 )  0 . 0 9  ( 1 0 )

++

0 . 0 2
i

0 . 0 3

Rq
+

Others
Lo,Ap,Mw,Gn,Ag
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siterite, scheelite, and an undetermined Ni-Co sul-
fide (Table 1, Fig. 2B). Gangue minerals are quafiz,
fluorite, and siderite.

Fukoku Cu-Zn-Ag deposit

Fukoku also is situated in the Maizuru belt, ar
Miyagai, Fukuchiyama City, Kyoto prefecture. The
mining district is geologically composed of sandstone
with subordinate shales of the Triassic yakuno
Group. The Kumohara granite, of probable late Cre-
taceous age, and several masses ofultramafic rocks
occur near the deposit.

The ore specimens studied consist of roquesite,
sphalerite, stannoidite, tennantite, chalcopyrite, and
small amounts of mawsonite, selenium-bearing
matildite (up to 4.7 wt.9o Se), and quartz (Table l,
Fig. 2C). Cosalite, boulangerite, and native bismuth
have been reported in the deposit (Shimizu et al.
1966).

Ikuno Cu-Zn-Pb-Sn-Ag deposit

The Ikuno mining district, located at Ikuno-cho,
Asako-gun, Hyogo Prefecture, 17 km southeast of
the Akenobe deposit, occurs in Cretaceous rhyolitic
and andesitic volcanic and pyroclastic rocks of the
Ikuno Group. The geology and mineralization were
described by Maruyama (1957). K-Ar ages from
adularia from the deposit are 63.3 t 1.9 Ma, 65.6
x. 2.0Ma, and 70.5 a 2.1 Ma (Ministry of Interna-
tional Trade and Industry of Japan, 1984).

Total production ofthe deposit during 1940-1973
was 6.9 x 106 tonnes of ore with average grades of
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TABLE 2. REPRESEI,ITATIVE CHEI.IICAL COI{POSITION OF ROOUESITE

l . l  Vo Cu,2.2t /oZn,0.4t /0Pb,0.3 Vo Sn,  58.3e/ t
Ag, and A3 g/t Au. The ore specimens used in this
study are composed of roquesite, stannoidite,
sphalerite, tennantite, chalcopyrite, and small
amounts of arsenopyrite, galena and quartz (Table
I, Fig. 2D).

Cnslttcar CovpostrtoN oF CoExIsrINc SuLrrle
MTNSRALS rN In-Sn Onr

The chemical composition of coexisting minerals
in the roquesite-bearing ore was determined using
a JEOL 733II electron microprobe analyzer at the
Geological Institute, Faculty of Science, Universfuy
of Tokyo, using the methods of Shimizu et sl. (1986),

Roquesite and chalcopyrite

Representative chemical compositions and atomic
proportions of these minerals are given in Tables 2
and 3, respectively. All the grains examined axe com-
positionally homogeneous. Slight substitution of Fe
for In in roquesite is suggested, whereas that of In
for Fe is very limited in the associated chalcopyrite.

Stqnnoidite

Stannoidite is essentially homogeneous in most
cases, but the F€* /Zn ratio varies significantly
(Table 4), indicating the presence of material with
the id_eal formula Cur(Zn,Fe)Fe]+Sn2S12, where Zn
> Fe4*, inferred following reference to the method
of calculation of the F&+ /Zn ratio in this mineral
by Shimizu & Shikazono (1987).

Oao f,lED.
OEod.ad

Aterob€

Fu*oLu

Xkuao

NErC&r FEBCBNT
9g Ag !E zD cd u! Io g Total25 .44  0 .03  0 .34  0 .30  0 .03  o .o1  46 ,2 !  25 .OO SS.3525.s9  0 .00  0 .32  0 .32  0 .07  o .o0  qa ,zs  za . t )  gg . iz
2 6 . 5 4  0 . 0 0  0 . 4 8  0 . 2 5  0 . 0 4  o . 0 2  a s . a z  z a . 8  s g . 1 82 6 . 2 4  o . L t  0 . 3 0  0 . 3 4  0 . 0 6  o . o 1  a a . $  z 6 . i s  g g . z a
2 5 . 9 2  0 . 0 8  0 . 3 0  0 . 4 5  o . 0 3  o . 0 1  e a . s a  z a . s i  t a . B s26. r7  0 .0 r  0 .41  0 .40  0 .05  o .o1  es . ta  za . i i  , ; :0 ;'  2 4 . 9  -  1 . 8  0 . 1  -  o . 2  4 6 . 3  a s . i  , r : o -2 5 . 2 t  0 . 7 3  0 . 4 6  0 . 1 0  0 . 0 4  o . 0 2  a o . e :  : o . e z  r 0 o . a o25.08  0 .08  0 .s l  0 .05  0 .0s  o .03  ae .zs  za . t t  io i t . i i2 5 . 5 2  0 . 1 5  0 . 8 6  0 . 0 5  0 . 0 5  o . 0 3  a s . z :  z s - o s  i n n ' i i
2 6 . 3 0  0 . 0 9  0 . 4 6  0 . 3 1  0 . o s  o . 0 4  a s . a e  z s - r z  

- i 6  
i A

2 6 . 4 s  o . o s  0 . 5 4  0 . 3 s  0 . 0 6  o . 0 4  a 5 . B o  2 5 . 1 4  , 6 . f i2 6 . 3 s  0 . 3 3  0 . 9 0  0 . 1 9  0 . 0 5  o . 0 2  e s . g e  z o . : g  r o 6 . i i

ATOUIC PROPORTIoN (IOTAL ArOt{S - 4)
Cu Ag Fo z\ Cd !4! In S
1 . 0 1 4  0 . 0 0 1  0 . 0 1 5  0 . 0 1 1  0 . 0 0 1  o . o o o  0 . 9 8 1  1 . 9 7 6
1 . 0 1 6  0 . 0 0 0  0 . 0 1 6  0 . 0 1 2  0 . 0 0 1  o . o o o  o . s 7 a  ! . 9 . 1 . ,
1 . 0 1 8  0 . 0 0 0  0 . 0 2 1  0 . 0 0 9  0 . 0 0 1  o . o 0 1  0 . 9 7 2  r . s 7 a
1 . 0 0 0  0 . 0 0 2  0 . 0 1 3  0 . 0 1 3  0 . 0 0 1  o . o o o  0 . 9 7 3  1 . 9 9 ?
0 . 9 8 6  0 . 0 0 2  0 . 0 1 3  0 . 0 1 7  o . O O 1  o . O 0 o  0 . 9 8 0  2 . 0 0 1
1 . 0 0 3  0 . 0 0 0  0 . 0 1 8  0 . 0 1 5  0 . 0 0 1  o . o o o  0 . 9 ? o  1 . 9 9 3
0 . 9 6  -  0 . 0 8  0 . 0 0  -  o . o o  0 . 9 9  1 . 9 6
0 . 9 9 2  0 . 0 0 3  0 . 0 2 0  0 . 0 0 4  0 . 0 0 1  0 . 0 0 1  0 . 9 8 1  2 . O O O
0 . 9 4 ?  0 . 0 0 2  0 , 0 2 2  0 . 0 0 2  0 . 0 0 1  o . o o t  o . 9 a o  2 . 0 0 5
1 . 0 1 2  0 . 0 0 3  0 . 0 3 7  0 . 0 0 2  0 . 0 0 r  o . o 0 1  0 . 9 7 4  1 . 9 6 9
1 . 0 0 7  0 . 0 0 2  0 . 0 2 0  0 . 0 1 1  0 . 0 0 1  0 . 0 0 2  0 . 9 7 2  1 . 9 8 5
r . 0 0 5  0 . 0 0 1  0 . 0 2 4  0 . 0 1 3  0 . 0 0 1  0 . 0 0 2  0 . 9 ? 1  1 . 9 8 3
0 . 9 9 9  0 . 0 0 7  0 . 0 3 9  0 . 0 0 ?  o . o o 1  0 . 0 0 1  0 . 9 6 4  1 , . s A 2

a' Aato & ALbohala (1968)

IABT"E ]. REPRESEIITATTVE CHHI1ICAL COMPOSITIOT{ OF CHALCOPYRITE

ole -f,bp. cu Ag pe ,ft"To*"T"* s rn rotaroeds l  34 .76  o ;06  29 .e5  o .o1  o .oo  i l ,oa  le . to  6 ]o1  99 .6534.7e  0 .03  29 .82  o .o3  o .o :  o .o i  : , i . i e  o . io  ss .753 4 . ? 3  0 . 0 6  2 e . 6 1  o . r 4  o . o e  o . o i  i . i . i i  o . d z  e e . 3 8AkenotE 34 .43  O.0o 30 .46  0 .01  o .Oe o .Oi  : i .g i  o .de  99 .9934.6e  0 .07  30 .4e  o .  04  o .  os  o .  o r  i i .  g i  6 .  d r  roo .313 4 . 4 7  0 . 0 0  3 0 . 0 e  o . 0 4  o . 0 4  o . 0 2  , i . i ;  6 : i 7  e e . 4 sFukoku 34 .30  o .02  30 .31  o .s2  a :0d  0 .oo  i i l 6 i  6 l i :  1oo ,043 4 . 3 s  0 . 0 0  3 0 . 2 4  o . o s  o . 0 3  o . 0 3  : i . a t  o : 0 4  e e . 6 e
- .  34 .68  o .os  2e .97  o .oe .  o .o2  o .oz  l i . s i  i . i s  ee .51r k u o  3 4 . 5 9  0 . 1 6  3 0 . 2 9  0 . 0 6  o . o z  o . o i  : , i . s o  o . i g  r 0 0 . 2 13 4 . 5 0  0 . 0 2  3 0 . 0 6  0 . 0 3  o . o e  o . o :  r i . o e  o . i g  9 9 . 5 ?3 4 . 5 1  0 . 0 2  2 e , 9 2  o . o 4  o . o 2  o , o 2  i i . i r  6 . i o  e s . 4 0

Aroulc pBoponuon (m!At -!,To!ts € 4)
s A g F 6 z ^ c d t { n s I u
1 . 0 0 9  0 . 0 0 1  0 . 9 a 9  0 . 0 0 0  0 . 0 0 1  0 . 0 0 1  1 . 9 9 8  0 . O O O
r. .007 0 .001 0 .982 0 .001 0 .001 0 .001 2 .  oo5 o .  oo1
1 . 0 0 9  0 . 0 0 1  0 . 9 8 1  0 . 0 0 4  0 . 0 0 1  o . o o 1  1 . 9 9 ?  O . O O 1
0 . 9 9 4  0 . 0 0 0  1 . 0 0 1  0 . 0 0 0  0 . 0 0 1  o . o o 1  2 . o o o  o . o o 1
1 . 0 0 0  0 . 0 0 1  1 . 0 0 0  0 . 0 0 1  0 . o o l ,  o . o o l  1 . 9 9 5  o . O O O
1 . 0 0 2  0 . 0 0 0  0 . 9 9 5  0 . 0 0 1  0 . 0 0 1  0 . 0 0 1  2 . o o o  o . o o 1
0 . 9 9 1  0 . 0 0 0  0 . 9 9 7  0 . 0 1 5  0 . 0 0 0  0 . 0 0 1  1 . 9 9 5  o . O O O
0.996 0 .000 0 .996 0 .002 0 .  o0o o .  oo1 2 .002 o .  o0o
1 . 0 0 7  0 . 0 0 1  0 . 9 9 1  0 . 0 0 2  0 . 0 0 0  0 . 0 0 0  I . 9 9 2  o . o o 2
0 , 9 9 8  0 . 0 0 3  0 . 9 9 4  0 . 0 0 2  0 . 0 0 0  o . o o o  1 . 9 9 6  o . O O 3
1 . 0 0 2  0 . 0 0 0  0 . 9 9 3  0 . 0 0 1  o . o o 1  o . o o l  1 . 9 9 7  0 . 0 0 3
1 . 0 0 3  0 . 0 0 0  0 . 9 8 9  0 . 0 0 1  0 . 0 0 0  o . o o 1  1 , 9 9 9  o . O O 3
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TABLE 4. REPRESENTATM CHEI.IICAL C0MPOSITION 0F STANNOIDITE

VIEIGBT ?ERCENT
Ore Dsp. Cu Ag I'e Zn Cd Mn Sn S In Total
Onodan i  39 .2L  0 .02  9 .63  4 .35  0 .06  0 .01  LA .25  2A .7A  0 .00  100 .32

3 9 . 1 6  0 . 0 1  9 . 5 0  4 . 2 3  0 . 0 9  0 . 0 2  1 8 . 5 1  2 A . 7 9  0 . 0 9  1 0 0 . 4 0
3 9 . 0 2  0 . 0 1  9 . 5 3  4 . 1 8  0 . 0 9  0 . 0 4  1 8 . 3 9  2 4 . 7 3  0 . 0 7  1 0 0 . 0 5

Akenobe  38 .46  0 .01  9 ,25  4 .13  0 .09  0 .01  18 .16  29 .04  0 .06  99 .2 I
3 8 . 8 4  0 . 0 6  9 . 2 7  4 . 4 3  0 . 0 6  0 . 0 1  1 8 . 1 3  2 9 . 4 L  0 . 0 0  1 0 0 . 2 0
3 8 . 9 0  0 . 0 5  9 . 7 6  3 , 7 4  0 . 0 9  0 . 0 1  L A . 4 4  2 9 . 3 7  0 . 0 3  1 0 0 . 3 9
3 8 . 5 6  0 . 0 3  1 0 . 2 5  3 . 0 5  0 . 0 3  0 . 0 1  L A . 2 6  2 9 . 2 9  0 . 1 0  9 9 . 5 6
3 8 . 8 1  0 . 0 6  1 0 . 2 5  2 . 9 L  0 . 0 1  0 . 0 6  1 8 . 5 6  2 9 . 5 A  0 . 1 7  1 0 0 . 4 1
3 A . 4 7  0 . 0 2  1 0 . 3 ?  2 . 9 2  0 . 0 4  0 . 0 3  1 8 . 5 8  2 8 . 3 5  0 . 0 9  9 9 . 9 2
3 8 . 8 3  0 . O 2  1 1 . 0 0  2 . 2 0  0 . 0 5  0 . 0 3  1 8 . 5 2  2 9 , 4 0  0 . 0 7  1 0 0 . 1 3
3 8 , 7 7  0 . 0 0  1 1 . 1 3  2 . L 0  0 . 0 3  0 . 0 2  1 8 . 4 4  2 9 . 4 6  0 . 0 0  9 9 . 9 5
3 8 . 6 5  0 . 0 6  1 r . . 0 ?  2 . 0 8  0 . 0 7  o . 0 2  1 8 . 2 1  2 9 . L 3  0 . 0 0  9 9 . 2 9

2t r

Fukoku

Ikuno

AIO!,IIC PBOPOBTIONS (TCXTAL AIIOMS ' 2s)
cu Ag Fe ZD, Ctl 1{! g! g In Fa'', lzn
8 . 0 8 2  0 . 0 0 2  2 . 2 5 9  0 . a 7 2  0 . 0 0 ?  0 . 0 0 2  2 . 0 t 4  1 1 . 7 5 8  0 . 0 0 0  0 . 2 0
8 . 0 7 4  0 . O O t  2 . 2 3 0  0 . 8 4 ?  0 . 0 1 0  0 . 0 0 4  2 , 0 4 4  1 1 . 7 6 5  0 . 0 0 9  0 . 2 L
8 . 0 7 0  0 . 0 0 1  2 . 2 4 3  0 . 8 4 1  0 . 0 1 1  0 . 0 0 8  2 . 0 3 6  1 1 . 7 7 6  0 . 0 0 8  0 . 2 2
7 . 9 a 6  0 . 0 0 1  2 . 1 8 5  0 . 8 3 4  0 . 0 1 0  0 . 0 0 3  2 . o 2 0  1 1 . 9 5 2  0 . 0 0 7  0 . 2 r
7 . 9 7 4  o . O 0 ?  2 . 1 t 6  0 . 8 8 4  0 . 0 0 6  0 . 0 0 2  1 . 9 9 3  1 1 . 9 6 6  0 . 0 0 0  0 . 2 4
? . 9 8 0  0 . 0 0 6  2 . 2 7 8  0 . 7 4 5  0 . 0 1 1  0 . 0 1 1  2 . O 2 5  1 t . 9 4 2  0 . O 0 4  0 . 3 5
7 . 9 5 6  0 . 0 0 4  2 . 4 0 6  0 . 6 1 2  0 . 0 0 4  0 . 0 0 2  2 . 0 r 7  1 1 . 9 7 3  0 . 0 1 1  0 . 6 4
7 . 9 4 5  0 . 0 0 7  2 . 3 8 7  0 . 5 7 9  0 . 0 0 1  0 . 0 1 4  2 . O 3 4  1 1 . 9 9 7  0 . 0 1 9  0 . ? 1
7 . 9 2 0  0 . 0 0 2  2 . 4 2 2  0 . 5 8 4  0 . 0 0 5  0 . 0 0 7  2 . o 4 4  1 1 . 9 7 2  0 . 0 1 9  0 , 7 2
7 . 9 6 8  0 . 0 0 2  2 . 5 6 7  0 . 4 3 8  0 . 0 0 6  0 . 0 0 8  2 . 0 3 5  1 1 . 9 5 4  0 . 0 0 8  L . 2 9
7 . 9 5 6  0 . 0 0 0  2 . 5 9 9  0 . 4 1 9  0 . 0 0 4  0 . 0 0 5  2 . 0 2 6  1 1 . 9 7 8  0 . 0 0 0  1 . 4 0
7 . 9 9 4  0 . 0 0 7  2 . 6 0 5  0 . 4 1 8  0 . 0 0 8  0 . 0 0 5  2 . 0 1 6  1 1 . 9 3 7  0 . 0 0 0  1 . 4 1

TABLE 5. REPRESENTATIVE CHB'IICAL COMPOSITION OF TENNANTITE-TETMHEDRITE-SERIES PHASE

WEIGET PERCEMT
ore Dep. cu Ag Fe zn cd Mn sn As
Onodan i  42 .98  0 .06  1 .83  6 .29  O .24  0 .09  0 .04  10 .01

4 3 . 4 7  0 . 0 6  1 . 9 0  6 . 7 4  0 . 2 5  0 . 0 3  0 . 0 0  L 8 . 4 6
4 ? . L 6  0 . 0 6  2 . 0 4  6 . 7 5  0 . 1 9  0 . 0 3  0 . 0 1  L 7 . 6 9

A k e n o b e  3 9 . 0 9  0 . 3 3  0 . 2 0  8 . 1 6  0 . 0 ?  0 . 0 2  0 . 1 0  7 . A 7
3 9 . 6 5  0 . 2 5  0 . 4 2  7  . 9 7  0 . 0 9  0  . 0 1  0 . 0 3  8 .  1 1
3 9 . 0 6  0 . 3 6  0 . 3 9  7 . 9 9  0 . 1 0  0 . 0 2  0 . 0 6  5 . 5 2

t rukoku  34 .86  7 .46  3 .22  3 .52  0 .15  0 .04  0 .03  9 .50
3 5 . 4 3  6 . 6 6  3 . 2 5  3 . 4 1  0 . L 2  0 . 0 6  0 . 0 4  1 0 . 0 1
3 2 . s 8  9 . 5 1  3 . 3 0  3 . 1 0  0 . 1 6  0 . 0 9  0 . 0 3  7 , 3 7

I k u n o  3 9 . 9 1  1 . 1 6  4 . 5 L  3 . 2 O  0 . 0 6  0 . 0 1  0 . 0 0  L 2 . 7 3
4 L . 2 3  0 . 8 2  4 . 6 6  3 . L 2  0 . 0 5  0 . 0 1  0 . 0 3  1 3 . ? 0
4 0 . 0 6  1 . 1 6  4 . 7 7  2 . 7 8  0 . 0 6  0 . 0 3  0 . 0 0  1 3 . 9 1

s b B i s se In lrotal
L . 9 2  0 . 0 0  2 7 . 7 0  0 . L 2  0 . 0 1  9 9 . 7 5
1 . 3 6  0 . 0 0  2 8 . 0 3  0 . 0 2  0 . 0 4  l - 0 0 . 3 5
2 . 4 5  0 . 0 0  2 ?  . 8 2  0 . 0 7  0  .  0 4  1 0 0  .  3 0

1 8 . 4 8  0 . 0 0  2 5 . 7 L  0 . 0 8  0 . 0 0  9 9 . 3 0
1 7 . 0 6  0 . 0 0  2 s . 7 8  0 . 0 7  0 . 0 0  9 9 . 4 4
2 I . 3 L  0 . 0 0  2 5 . 5 6  0 . 0 7  0 . 0 1  1 0 0 . 4 5

9 . 9 1  4 . 8 9  2 4 . 9 5  0 . 0 2  0 . 7 8  9 9 . 3 3
9 . 0 0  5 . 5 8  2 5 . 1 8  0 . 0 4  0 . 7 2  9 9 . 5 0

1 1 . 3 3  6 . 9 7  2 4 . 7 4  0 . 0 0  0 . 8 2  1 0 0 . 0 0
1 - 0 . 4 6  0 . 9 8  2 6 . A 2  0 . 0 3  0 . 0 5  9 9 . 9 2
8 . 8 0  0 . 0 0  2 6 . 7 A  0 . 0 6  0 . 0 7  9 9 . 3 1
7  . 7 r  2 .37  26 .79  0  .  03  0  .  08  99  . 75 .

AToMIC PROPORTIONS (TOTAL ATOMS = 29)
cu Ag l'€ z\ cd Mn sn A6 sb Bi s se In Ee/zrt
1 0 . 1 1 9  0 . 0 0 8  0 . 4 9 1  1 . 5 5 4  0 . 0 3 2  0 . 0 1 3  0 . 0 0 s  3 . 5 9 s  0 . 2 3 7  0 . 0 0 0  L 2 . 9 2 3  0 . 0 2 2  0 . 0 0 2  0 . 3 2
1 0 . 1 3 8  0 . 0 0 8  0 . 5 0 5  1 . s 2 ?  0 . 0 3 3  0 . 0 0 7  0 . 0 0 0  3 . 6 5 1  0 . 1 6 6  0 . 0 0 0  L 2 . 9 5 7  0 . 0 0 4  0 . 0 0 5  0 . 3 3
1 0 . 1 1 7  0 . 0 0 9  0 . 5 4 4  1 . 5 3 ?  0 . 0 2 6  0 . 0 0 7  0 . 0 0 1  3 . 5 t 7  0 . 3 0 0  0 . 0 0 0  L 2 . 9 2 6  0 . 0 1 4  0 . 0 0 5  0 . 3 5

9 . 9 2 5  0 . 0 4 9  0 . 0 5 9  2 . 0 1 4  0 . 0 1 1  0 . 0 0 5  0 . 0 1 4  r . s 2 2  2 . 4 4 9  0 . 0 0 0  L 2 . 9 3 6  0 . 0 1 5  0 . 0 0 0  0 . 0 3
9 . 9 9 6  0 . 0 3 6  0 . 1 2 0  1 . 9 5 2  0 . 0 1 2  0 . 0 0 3  0 . 0 0 5  1 . 7 3 5  2 . 2 4 4  0 . 0 0 0  1 2 . 8 8 1  0 . 0 1 4  0 . 0 0 0  0 . 0 6
9 . 9 2 7  0 . 0 5 4  0 . 1 1 4  1 . 9 ? 3  0 . 0 1 5  0 . 0 0 6  0 . 0 0 9  1 . 1 9 1  2 . A 2 6  0 . 0 0 0  L 2 . A 7 L  0 . 0 1 4  0 . 0 0 2  0 . 0 6
9 . 0 9 8  L . L 4 7  0 . 9 5 7  0 . 8 9 4  0 . 0 2 3  0 . 0 1 2  0 . 0 0 4  2 . 1 0 3  1 . 3 5 0  0 . 3 8 8  1 2 . 9 0 8  0 . 0 0 3  0 . 1 1 3  1 . 0 7
9 . X 9 6  1 . 0 1 8  0 . 9 s 9  0 . 8 5 9  0 . 0 1 8  0 . 0 1 8  0 . 0 0 6  2 . 2 0 4  L . 2 I 9  0 . 4 4 0  1 2 . 9 5 0  0 . 0 0 9  0 . 1 0 3  L . L 2
8 . 6 7 3  L . 4 9 L  1 . 0 0 0  0 . 8 0 2  0 . 0 2 4  0 . 0 2 9  0 . 0 0 4  1 . 6 6 4  1 . 5 7 5  0 . 5 6 4  X 3 . 0 5 3  0 . 0 0 1  0 . 1 2 1  L . 2 5
9 . 7 5 7  0 . 1 6 7  1 . 2 5 4  0 . 7 6 0  0 . 0 0 8  0 . 0 0 3  0 . 0 0 0  2 . 6 4 0  1 . 3 3 4  0 . 0 7 3  1 2 . 9 9 L  0 . 0 0 6  0 . 0 0 ?  1 . 6 5

1 0 . 0 0 9  0 . 1 1 7  L . 2 4 7  0 . 7 3 6  0 . 0 0 ?  0 . 0 0 3  0 . 0 0 3  2 . A 2 0  1 . 1 1 5  0 . 0 0 0  1 2 . 8 8 3  0 . 0 1 0  0 . 0 0 9  L . 7 5
9 . 7 9 3  0 . 1 6 ?  1 . 3 2 7  0 . 6 6 1  0 . 0 0 8  0 . 0 0 9  0 . 0 0 0  2 . A A 4  0 . 9 8 3  0 . 1 7 6  L 2 . 9 7 6  0 . 0 0 6  0 . 0 1 1  2 . 0 0

Tenn ant i t e - t e t r q h e d r i t e

The grains examined are generally heterogeneous,
although the general formula (Cu,Ag)16@e,Zn)2
(As,Sb,Bi,In)aSt3 is applicable to all of them (Iable
5). Tennantite from the Fukoku deposit shows the
highest silver, bismuth and indium contents of the

materials studied. The total of As + Sb + Bi + In is
very close to 4, which suggests that the In3*, though
low in content, can lodge in a trigonal prism.

Sphalerite

Compositional homogeneity is confirmed in the
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TABI.T 6. REPRESEJTATIVE CHS'UCAL COMPOSITION OF SPHALERITE

Or€ Dep.
OBodml-

!Ielobe

nrtoku

Cu Fe
0 . 8 2  0 . 3 9
0 . s 4  0 . 4 4
0 . 5 9  0 . 6 5
0 . 3 0  0 . 1 9
0 . 3 8  0 . 2 9
0 . 3 9  0 . 3 0
0 . 4 7  0 . 4 4
0 . 4 6  0 . 4 4
1 . 2 8  0 . 8 7
0 . 4 s  0 . 9 1
0 . 5 ?  0 . 9 ?
0 . 4 9  1 . 0 5

I{EI@I' PERCEIII
Z\ Cd !4n g X!
6 4 . 4 5  0 . 6 5  0 . 0 2  3 2 . 1 4  0 . 1 2
5 5 . 2 2  0 . 5 6  0 . 0 1  3 2 . 3 6  0 . ? S
6 5 . 4 1  0 . 6 7  0 . 0 3  3 2 . 4 5  0 . 2 1
5 5 . 2 3  0 . 5 8  0 . 0 3  3 3 . 0 S  0 . 3 0
6 5 , 6 3  0 , 6 7  0 . 0 3  3 3 . 0 4  0 . 3 6
6 4 . 7 4  0 . 5 9  0 . 0 3  3 2 . 7 1  0 . 4 8
6 6 . 4 0  0 . 2 0  0 . 1 4  3 2 . 6 2  0 . 0 8
6 s . 9 3  0 . 2 5  0 . 0 9  3 3 . 0 1  0 . 0 2
6 4 . 7 8  0 . 2 5  0 . 0 7  3 2 . 3 7  0 . 0 5
6 5 . 5 S  0 . 4 1  0 . 0 5  3 2 . 4 9  0 . 0 4
6 5 . 0 1  0 . 4 9  0 . 0 4  3 2 . 6 2  0 . 0 5
5 5 . 1 7  0 . 5 1  0 . 0 5  3 2 . 7 0  0 . 0 4

lotal
9 9 . 2 1

1 0 0 . 3 1
1 0 0 . 1 1

99.74
100.41 .

99 .24
1 0 0 . 3 5
1 0 0 . 2 0

9 9 . 6 4
9 9 . 9 6
9 9 . 7 5

100.01 .

AToMIc PRoPoRTIoNS (TOTAI AToMs = 2)
Cu Fe Zn Cd l{n g In ?elZD
0 . 0 1 3  0 . 0 0 ?  0 . 9 7 5  0 . 0 0 6  0 . 0 0 0  0 . 9 9 1  0 . 0 0 6  0 . 0 0 ?
0 . 0 1 3  0 . 0 0 8  0 . 9 ? 7  0 . 0 0 5  0 . 0 0 0  0 . 9 8 9  0 . 0 0 ?  0 . 0 0 8
0 . 0 1 1  0 . 0 1 r  0 . 9 7 9  0 . 0 0 5  0 . 0 0 1  0 . 9 9 1  0 . 0 0 2  0 . 0 1 1
0 . 0 0 5  0 . 0 0 3  0 . 9 7 5  0 . 0 0 5  0 . 0 0 1  1 . 0 0 8  0 . 0 0 3  0 . 0 0 4
0 . 0 0 6  0 . 0 0 5  0 . 9 7 7  0 . 0 0 6  0 . 0 0 1  1 . 0 0 2  0 . 0 0 3  0 . 0 0 5
o . 0 0 6  0 . 0 0 5  0 . 9 7 4  0 . 0 0 5  0 . 0 0 1  1 . 0 0 4  0 . 0 0 4  0 . 0 0 5
0 . 0 0 ?  0 . 0 0 7  0 . 9 8 9  0 . 0 0 1  0 . 0 0 2  0 . 9 9 1  0 . 0 0 1  0 . 0 0 7
0 . 0 0 7  0 . 0 0 8  0 . 9 7 9  0 . 0 0 2  0 . 0 0 2  1 . 0 0 0  0 . 0 0 0  0 . 0 0 4
0 . 0 2 0  0 . 0 1 5  0 . 9 7 1  0 . 0 0 2  0 . 0 0 1  0 . 9 9 0  0 . 0 0 0  0 . 0 1 5
0 . 0 0 7  0 . 0 1 6  0 . 9 8 1  0 . 0 0 4  0 . 0 0 1  0 . 9 9 1  0 . 0 0 0  0 . 0 1 6
0 . 0 0 9  0 . 0 t 7  0 . 9 ? 3  0 . 0 0 4  0 . 0 0 1  0 . 9 9 6  0 . 0 0 0  0 . 0 1 7
0 . 0 0 8  0 . 0 1 8  0 . 9 7 3  0 . 0 0 4  0 . 0 0 1 .  0 . 9 9 6  0 . 0 0 0  0 . 0 1 8

IABLE 7. REPRESENTATIVE CHB.IICAL CfiPOSITIONS OF BORNITE

Ole &p.
hodani 4 5 . 4 6

4 1 . t 2
4 9 . 3 8
6 2 . 0 1
62.54

,rksob€

NBI@T PERN
As re s s6 TotaL
2 0 . 1 9  1 0 . 1 A  2 3 . 4 1  0 . 0 6  9 9 . 1 0
1 8 . 4 6  1 , 0 . 2 5  2 3 . 5 ?  0 . 0 1  9 9 . 1 r
1 6 . 0 4  1 0 . 3 0  2 3 . 6 9  0 . 0 6  9 9 . 4 7

o . 2 7  L t . 2 4  2 5 . 4 7  0 . 0 3  9 9 . 0 1
0 . 2 7  1 r . 6 2  2 5 . 5 9  0 . 1 2  1 0 0 . 1 5
0 . 2 7  1 r . . 3 9  2 5 . 4 5  0 . 1 3  9 9 . 4 A

AToUIC PBOPOBTINS (TOas Arouil - X0)
c u A s F € g 9 e
3 . 9 6 1 "  ! . O 2 7  1 . 0 0 0  4 . 0 0 7  0 . 0 0 4
4 . 0 6 4  0 . 9 3 2  0 . 9 9 9  4 . 0 0 4  0 . 0 0 r .
4 . 2 0 1  0 . 8 0 4  0 . 9 9 7  3 . 9 9 3  0 . 0 0 4
4 . 9 3 6  0 , 0 1 3  1 . 0 1 9  4 . 0 1 8  0 , 0 0 2
4 . 9 3 1  0 . 0 1 3  1 . 0 4 2  3 . 9 9 8  0 . 0 0 8
4 . 9 3 9  0 . 0 1 3  1 . 0 2 8  4 . 0 0 2  0 . 0 0 8

I 
rKUNo-T-

FUKOKU
-l-
L AKENOBE
F*.-OMODANI

!tn
c

N
+ i

N I

LL

Frc. 3. Atomic Fe2+ /Zn ratio of sphalerite (A) and of tennantite-tetrahedrite (B)
as a function of Fe?+/Zn in stannoidite. Symbols: Sp sphalerite, Sd stannoidite,
Tn-Td tennantite-tetrahedrite.

gains examined. As shown in Table 6, the iron con-
tents are very low in all of them. Note that the iron
content of sphalerite associated viith stannite is quite
high (Shimizu & Shikazono 1985, 1987).

Bornite

Bornite is common in the roquesite-bearing ores
from the Omodani and Akenobe deposits (Table l),
although it is not found in the ores studied by Kato
& Shinohara (1968). The material from the latter
deposit fits the ideal formula, but that from the
former has an unusually high Ag content, giving an
ideal formula AgCuoFeSn (Table 7). It is accompa-
nied by native silver. It iii tentatively handled as bor-
nite here in favor of its optical similarity to ordinary

1 2 3 4 0
(Fe/ Zn)sp x 102

1

(Fe/Zn)rn-to

bornite, but it may be a discrete species from bor-
nite, if it is found to be compositionally discontinu-
ous with bornite, or structurally different from it.

DISCUSSIoN

Mineral assemblages of the specimens studied and
ranges of atomic F€+ /Zn ratios are summarized in
Table l. There is a wide range of Fd*-for-Zn sub-
stitution in coexisting stannoidite, sphalerite, and
tennantite-tetrahedrite (Figs. 3A., B). The F** /Zn
ratio of stannoidite is positively correlated with that
of sphalerite and tennantite-tetrahedrite. No
experimental data bearing on the influence of tem-
perature on iron and zinc partitioning among these
minerals have been obtained yet, but could be of use
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Frc. 4. Histograms of filling temperatures of fluid inclusions in quartz associated
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Fro. 5. Temperature - log a(S) diagram for roquesite-bearing ores. Curves A and
B correspond to a($) - temperature relationships for the assemblage of stannoi
dite - chalcopyrite - borpite - mawsonile - SzGas) for a@e) = I and a(Fe) :
0.1 a(Fe) is defined as the activity of the CqFel+F*+Sn2Sl2 component in
tle stannoidite solid solution. Symbols: Mw mawsonite, Sd stannoidite, Bn bor-
nite, Cp chalcopyrite.
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TABI..E 8. SULFUR ISOTOPIC COI{POSITIONS
OF ROOUESITE-BEARING BULK ORES

ore Delpsit 534s lper nlt;
onodsl -0.8
Ak'sobe -0.9 (average' n-32)i
n*.oku -0.5
lkuo +0. 3

r) ghiozara,s mpublished data

as a geothermometer. The comparison of estimated
temperatures of formation of roquesite-bearing ores
from the geological standpoint enables the group-
ing of four deposits into two pairs, Ikuno-Fukoku
and Akenobe-Omodani: the estimated temperature
of formation of the former is higher than the latter.

The indium contents of sphalerite, tennantite-
tetrahedrite, stannoidite, and chalcopyrite from the
Ikuno and Fukoku deposits generally tend to be
higher than those from the Omodani and Akenobe
deposits (Table l). The high indium contents of these
minerals are probably favored by higher tempera-
tures of formation, provided that the degree of con-
centration of indium in all the deposits was approx-
imately equal. Filling temperatures of fluid inclusions
in the coexisting quartz from the Omodani and
Akenobe deposits give a temperature ranging from
285 to 310'C (Frg. 4).

Shimizu & Shikazono (1985, 1987) estimated the
probable physicochemical environment of formation
ofstannoidite- and stannite-bearing tin ores in Japan
(Fig. 5). In this figure, the log a(S, - temperature
field of the roquesite-bearing tin ores from the
Omodani and Akenobe deposits can be estimated to
be approximately l0-8 atm. at 285oC to l0{ atm. at
3l0oc, based on the thermochemical data on the
mineral assemblage, FeS contents of sphalerite, and
fluid-inclusion data. The approach referred to here
is the same as that used by Shimizu & Shikazons
(1987). The field ofthe roquesite-bearing ores falls
within that of the stannoidite-bearing ores.

The isotopic compositions of sulfur in the
Akenobe and Ikuno deposits have been reported by
Yamamoto (1974\, Sasaki & Ishihara (1980), and
Ishihara et ol. (198L), but those of the roquesite-
bearing ores are reported here for the first time. It
is worthy of note that preliminary sulfur isotope
study on the roquesite-bearing ores indicates a very
narrow range of 63aS values, from -0.9 to +0.3%0
(Iable 8). This could indicate a magmatic origin, and
suggsts either that the physicochemical environment
of the deposits did not change during the indium
mineralization, or that the metaVsulfur ratios in the
ore fluids responsible for the indium mineralization
were too small to change the isotopic compositions
in the fluids sienificantly.

Roquesite also occurs in the Ulsan Fe-W-As
skarn-type deposit in the Republic of Korea (Imai
& Choi 1984). The deposit is located about 80 km

NNE of Busan, and is related to the emplacement
of the Bulgugsa granite. We believe that the indium
mineralization there is of the same age as that in
Japan, on the other side of the Sea of Japan.
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