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ABSTRACT

Stannoidite-bearing tin ores fron Japanese vein-type tin
deposits have been studied. The stannoidite commonly co-
exists witl chalcopyrite, bornite and sphalerite; the atomic
Fe/Zn ratio of the sphalerite is low, in the range 0.@2 -
0.015. Based on iron content of sphalerite and the mineral
assemblage, the probable range in sulfur fugacity and tem-
perature for the stannoidite-bearing tin ore is estimated to
be lf - 1fr16 atm. and 2@ - 300.C. This estima.ted ranee
is different from that for the srannite-bearing tin or" oi-
mated by Shinizu & Shikazono (1985). Tungsten-free tin
ore deposits seem to have formed at a higher fugacity of
sulfur or lowo temperature than tungsten-beaxing deposits
of rin.

Keywords: stannoidite, sphalerite, tennantit€, tetrahedrite,
stannite, Japan, vein-type tin deposits, Fe-Zn partition-
ing, sqlfur fugacity, temperature.

Sonauarnn

On a 6tudi6le minerai d'6tain A $annoidite des gisements
d'&ain en veines du Japon. La stannoidite coexiste cou-
ramment avec chalcopyrite, bornite et sphaldrite, Le rap-
port atomique Fe/Zn de la sphaldrite est bas, entre 0.002
et 0.015. Vu la teneur en fer de la sphaldrite et l,associa-
tion des min6raux, on propose une fugacitd de soufre pour
ce minerai entre 10-6 et 1016 atmospheres et une temp6-
rature de formation entre 2@ et 3@oC. Ces valeurs diffb-
rent des r6sultats obtenus par ghimizu s1 ghikazono (1985)
pour le minerai d'6tain e stannite. Les gisements d'6tain
dans lesquels letung$eue est abs€nt indiqueraielrt une fuga-
citd de soufre plus dlevde ou une temperafire plus basse
que les gisements d'&ain i tungstOne.

(Iraduit par la Rddaction)

Mots-clds: stantroidite, sphaldrite, tennantite, tetraedrite,
stannite, Japon, gisements d'6tain en veines, r6parti-
tion de Fe et de Zn, fugacit€ de soufre, temp6rature.

INr,nooucloN

Stannoidite is a common tin-bearing mineral in
Japinese tin ore deposits, and was frst described
from the Konjo deposit by Kato (1969). The mineral

had been called hexastannite (Ramdohr 194, 19ffi)
and yellow stannite [-tvy 1967). The chemical for-
mula Cur(Fe,Zn)2SnSg had been originally as-
signed (Kato 1969)1 however, the formula
Cur@e,Zn)rSn2st2 was later proposed (Springer
1972, Boorman&Abbott 1967, Petruk 193). Mdss-
bauer, chemical analysis and crystal-structure studies
confirm the chemical formula as Cu{Fel*@d+,
za2+)Snt+So (Yamanaka & Kato 1976, fudoh &
Takeuchi 1976). Some analytical data on stannoidite
have been obtained (e.g., Petruk 1973, Kissin &
Owens 1979), but details of the natural ocsurrence
of the nrineral and its physicochemical environment
of formation have not been clarified.

In this paper, the compositional relations of coex-
isting stannoidite, sphalerite and tennantite-
tetrahedrite-series minerals are reported. Based on
these dala, the sulfur fugacity of stannoidite-bearing
tin ore is estimated. Considering the complementary
work on stannite-bearing tin ores from Japanese ore
deposits (Shimizu & Shikazono 1985), a comparison
between environmental conditions of these two tlpes
of tin sulfides is made.

Satvrpr.a Pnnpenanron enn
ANALnTcAL PnocsouRE

The samples used for this study belong to the
Univeirsity Museum of the University of Tokyo; some
were collected by the present authors. Locations of
tle samples studied are shown in Figure 1.

The chemical composition of coexisting stannoi-
dite, sphalerite and tennantite-teFahedrite-series
minerals was determined using a JEOL 733 electron-
microprobe analyzer at the Ocean Research Institute
of the University of Tokyo. The accelerating voltage
used was 25 kV, and the following standards were
used for analysis: natural chalcopyrite (Cu), synthetic
Zno.oFeo.+S (Zn, Fe, S), synthetic CdS (Cd), syn-
thetic MnS (Mn), synthetic SnS (Sn), synthetic
Ag3As$ (Ag, As) and synthetic Cu1sFe1.sZne.,
Sb4SE (Sb). The characteristic X-ray intensities for
each point were mea$ured twice for a fixed interval
of five seconds. The averaged values were corrected
for dead time and background. Quantitative correc-
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I f tions for atomic number, absdrption and fluores-
i C'- cence effects were also perfopmed based on the
lli method proposed by Sweatmah & Long (1969).

TEXTURES AND ASSEMBLAGES

oF STANNOI TlN Onns

Two characteristic textures stannoidite-bearing
ores are observed under the (Figs.2, 3).
Where relict cassiterite such as observed in
the ores from the Konjo and deposits, stau-
noidite usually includes stanni and stannite in turn

ercins (Fie.2). Thisincludes aggregates of
texture, which was pointed out
gests the following sequence of
tin minerals: cassiterite (early)
dite (late).

by Kato (1969), sug-

stannite-stannoi-

occurs at the

in the samples from the Tada, idani. Omodani
and Fukoku deposits, shows a replace-
ment or reaction texture (Fig.
Lee et sl. (1974). In this case,

), as mentioned by
is invariably

absent. This texture suggests
of precipitation: stannoidite

following sequence

and Cu/Sn ratios in

On the other hand, where
margin of some stannoidite such as observed

wsonite.

nearly contem-

The sequence of of tin minerals
inferred from the two types textures mentioned
above is considered to be e*stannite-stan-

a trend of increas-noidite-mawsonite. This i
ing of metaVsulfur, Fd*
the tin sulfides.

The mineral assemblages are presented in
Table l. The common opaque that coexist
with stannoidite are bornite, sphalerite,
tennantite-tetrahedrite-series and roquesite.
This assembl4ge generally not include stannite.
Stannoidite is rarely with galena, wit-
tichenite, arsenopyrite and It is notewor-
thy that stannoidite does not
except in the tin ores from the
ores contain stannite together

coexist with pyrite,
deposit. Thes'e

stannoidite. On
the other hand, stannite coexists with pyrite.
From the textures observed, idite, bornite,
chalcopyrite, sphalerite and te!
series minerals seem to have foj
poraneously.

0 100 um-
Frc. 2. Photomicrograph of stannoidite-stannite-

cassiterite-bearing sample from the Konjo ore deposit'
Okayama Prefecture, Japan (Sd stannoidite' St stan-
nite, Cp chalcopyrite, Cas cassiterite).

CHEMICAL
CosxsrNc Sr

^q,Nn TENNANTTTE- MNERAT.S

Scanning patterns and analytical data
obtained by analyzer reveal that
most stannoidite grains
homogeneous. Reprqentative

compositionally
composruons

and atomic proportions of mineral coexisting

Fro. l. Map of Japan, showing sample locations'

with sphalerite and te-series
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minerals are given in Table 2. It seems clear from
the analytical data on stannoidite that this mineral
is represented by the stoichiometry
CqFe!*@d+,Zn)Sn2S12, which is in agreement
with the results by Yamanaka & Kato (1976) and
Kudoh & Takeuchi (197A.

There is a wide range in extent of Fe and Zn sub-
stitution in stannoidite (DFe/Zn between 2.03 and
14.4), as summarized in Table 3. The stannoidite
from tlre Tada deposit is the richest in Zn (5,2AwtJ/o
Zn,9.09 wt.rlo Fe) and has the approximate formula
CurFgZnSn2S p; that from the Konjo deposit is the
richest in Fe (11.90 wt.Vo Fe, 1.69 fi.90 Zn) and has
the.formula CurFq(Fee.rrZns.1e)Sn2Sp. From the
FeP* /Znzt ratio of stannoidite, a continuous solid-
solution is inferred to exist between CusFqZnSn2Sp
and CurFerFeSn2Sl2, as already pointed out by
Petruk (1973).

Iron and manganese contents of sphalerite coex-
isting with stannoidite are in the range from 0.lZ to
1.93 wt.9o, and from 0.02 to 0.16 wt.Vo, respectively
(Table 2). The cadmium content of sphalerite, from
0.17 to 0.25 wt,0/0, is generally higher than iron and
manganese. TheFe/Zn ratio of sphalerite coexist-
ing with stannite or stannoidite is listed in Table 4.
Note that the iron content of sphalerite is very low,
compared with that of sphalerite coexisting with stan-
nite (Shiml'u & Shikazono 1985).

Chemical analytical data on tennantite-
tetrahedrite-selies minelals indicate that the As con-
tent is generally higher than the Sb conten! thus they
can be called tennantite, but some are rich in Sb and
Ag, and can be called Ag-bearing tetrahedrite.

Representative chemical compositions of coexist-
ing stannoidite and sphalerite (Table 2) and ranges
in the atomic Fe+ /Zrf+ ratio of coexisting stannoi-
dite, sphalerite and tennantite-tetrahedrite-series
minerals from Japanese vein-type tin deposits are
summarized in Table 5 and Figure 4l The atomic
Fe* /h2+ rado of stannoidite was calculated from
the EFe/Zn ratio obtained by electron-microprobe
ana)yzer and is based on the r.1u1ie6hip: (F&* /
Zil2+)stmoraite = tA{(EFe/20-2}. The Fe+ /Zn2+
ratio of stannoidite is positively correlated q/ith that
of sphalerite and tennantite-tetrahedrite-series
minerals (Fig. a).

DNcussroN

As described above, stannoidite commonly coex-
ists with sphalerite (sp), chalcopyrite and bornite.
Therefore, the following chemical reaction can be
used to estimate the fugacity of sulfur [/(S)] of for-
mation of the mineral assemblage.

5CuFeS2: CusFeSr + 4@eS),o + 52 (1)

0 100um-

Frc. 3. Photomicrograph of stannoidite-mawsonite-
bornite-bearing sample from the Tada ore deposit,
Hyogo Prefecture, Japan (Sd stannoidite, Mw
mawsonite, Bn bornite, Cp chalcopyrite, Gn galena, Ag
Ag-mineral, gang. gangue minspal).

in which (FeS).' denotes the FeS component in
sphalerite. The equilibrium constant for reaction (1)
is expressed as

K = df,.s./(S) (2)

The free energy of reaction (1) is expressed as

AGr: - RT ln K: -RT ln ta*s./(S)l (3)

Therefore, sulfur fugacity (in logarithmic units) is
expressed as

loe /(SJ = -# -log df,6 g)
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UIBIE 1. IM{[[O*i AIID RWRESEI{U{IIVE MINBIIL ASSEIiIBT'$ OF SAI.IPLES
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The free energy AGr of reaction (l) as a function
of temperature san be derived from the thermochem-
ical data on chalcopyrite-bornite-pyrite-Sz Gas)
equilibrium (Schneeberg 1973) and FeS-pyrite-S2
(gas) equilibrium @arton & Skinner 1979). The
activity coefficient of FeS in sphalerite is assumed
tobe2,4, from ttre experimental data by Barton &
feulmin (1960. The relationship between tempera-
ture and FeS content of sphalerite in equilibrium with
bornite and bhalcopyrite was obtained on the basis
of equation (4). Isopleths for FeS content of
sphalerite in equilibrium with chalcopyrite and bor-
nite were drawn on a log /(S, - temperature dia-

eram (Fig. 5). As

nlcc'Frcbe.

in Fieure 5, sphalerite
coexisting with stannoidite clntains a mole fraction
of FeS in a range from 0.ffi2 lto 0.011. The temper-
ature of formation of a stan$oidite-bearing assem-
blage cannot be stimated pr4isely. However, fluid-
inclusion studies of the J4panese vein-type tin
deposits considered here (e.C., Imai 1973) suggest
that stannoidite-bearing assehblages formed in the
temperature range 20 - 300oC. Accepting this tem-
perature range, the probafole /(S) region for
stannoidite-bearing assembl{ges is estimated, as
shown in Figure 5.

Lee et al. (1975) conductedlan experimental study

I
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TABLE 3. Ef,(}flC 'TEIZN RATTO OF STANNDIDIIE
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Iocation or Ore D€p.

€sten USSR

9 veir-t)rpe dep. in Japd*

l'lowt. Pl€sant, Ceada

Kidd Creek, Caada

St. !4ichael-'s ltouni

Range (l{o. of aely€is)

l . 7 0  -  3 . s 4  ( 5 )

2 .O3 -  L4 .4  (60 l

2 . O 3  -  ( ? )

2 . 2 r  ( 1 )

3 . 3 7  -  4 . 9 6  ( 8 )

Ref,erence (s)

Botava et al .  (1978) etc.

Petnl< (1.973)

Kissin & Of,ens (L979)

U@re ! H@ie (L984)

tada

Otmidel-
otrpdai
Akercbe

nrkoku

Ashio
Setoda
Ikuo

Konjo

z . v 5  -  z - c J

3 . 0 0
2 . 2 7  -  2 . 3 7
2 . 3 3  -  2 . 9 1
3 . L 4  -  3 . 2 9
3 . 2 4
4.  L3
2 . 3 4  -  4 . L 3
3 . 2 L
3 . 7 6  -  5 . 5 8
5 . L 1  -  6 . 2 A
5 . 9 2  -  6 . 5 6

8.41
a.oA -  I4 .4

1 2 . 2

(9)
(1 )
( 3 )
( e )
( 2 )
(1 )
(].)
(s )
(1 )
( 3 )
(9 )
l7 ' )
( 1 )
(1 )
( 7 )
( 1 )

r€b & hr j ik i  (1969)

shioza{a (1984)

Y@aaka & Kato (L976)

Kaeo E Fuj i t i  (1969)

Kato & Eujil<i (1969)

this study
Kato E lujikt (1969)

Kissin & ot{os (1979)

Kato (L969)

Sphal.erlte r st@iait€

Ole Dop. Ferlh

Tada 0.002 - 0.007

hdst 0.004 - 0.0L1

*enobs 0.005 - o.00s

hbku 0.015

Sphaldito + €tamoldito a stenlte

Ashto 0.036 - 0.041

Sphalerite t slannlte (Sh161zu & ShLl<arcno 1985)

Yatani 0.023 - 0.044

Ikuno 0.039 - 0.041

kiobe 0.10 - 0.13

aakabli 0.1?

t(s6ushl 0.20 - 0.23

Ohtanf O.22 - O.24

II\BLE 4. Felzn RAIIIO OF gPmLmrE F"oM Erl+.BEARrltG
VENWIPE D@GI*' IN &iPA}I studies have not been carried out) might be large,

probably more than 10.5 log/(S). Unfortunately,
we cannot estimate/(S) and temperature from the
assemblage because a relevant experimental study has
not been carried out at a temperature below 300"C,
and no information is available on the thermochem-
ical mixing-properties of the stannoidite solid-
solution; however, note that theoretically it would
be possible to estimate both/(S, and temperature
based on the mawsonite-stannoidite-bornite-
chalcopyrite-sphalerite assemblage if reliable
experimental data on the assemblage and analytical
data on sphalerite and stannoidite of the assemblage
were available.

Shimizu & Shikazono (1985) have estimated the

"f(St 
- temperature range for stannite-bearing

assemblages from Japanese vein-fype and skarn-type
tin deposits. This estimated 

"f(S, 
- temperature

region is also shown in Figure 5. The/(S) - tem-
p€rature r4nge for the formation of these two types
of tin sulfides is different. As discussed above,
microscopic observations suggest that stannite
formed earlier than stannoidite on the scale of one
polished section, although in general coexistence of
stannoidite and stannite cannot be observed in the
same polished section. If stannite formed at an earlier
stage than stannoidite, it could be infened that/(Sr)
increased or that lemperature decreased (or both)
with evolution of tin mineralization.

As shown in Table 4, the Ft+ /Zr*+ ratio of
coexisting stannoidite, sphalerite and tennantite-
tetrahedrite-series minerals from tle Tada, Omodairi
and Ohmidani deposits is low, compared with that
from the other deposits sush as the Ashio, Akenobe
and Ikuno deposits. The Tada, Omodani and Ohm-
idani deposits are characterized by polymetallic (Zn-

on the equilibrium for the assemblage of
stannoidite-chalcopyrite-bornite-mawsonite-S,
(gas) in a temperature range from 430 to 300"C.
Curves A and B in Figure 5 correspond to /(S) -
temperature relationships for this equilibrium assem-
blage for dr" = I and ap" = 0.1, in which ar" is the
activity of the Cu8FEFeSn2S12 component in stan-
noidite solid-solution. The uncertainty in/(S) for
this assemblage at constant temperature, as deduced
from the experimental study by Lee et al. (1975),
increases with decreasing temperature. At 3OoC, the
uncertainty may be t0.5 log/(S). Therefore, the
/(S) estimated from this assemblage for a temper-
ature below 300"C (in which range experimental
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N
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0 1 2 3 1
(Fe?' t znz' )sp x1o2

Cu-Ag-Au; Zndominant) mineralization, and tung-
sten is not recoverd from these deposits. On the
other hand, the Akenobe, Ikuno and Ashio deposits
are characterized by polymetallic (Cu-Zn-Pb-Sn-
W-Ag-Au-Bi) mineralization, and tungsten is reco-
vered from these deposits . T:heFe/Znratio of coex-
isting sta:rnoidite, sphalerite and tennantite from the
tungsten-bearing polymetallic deposits is higher than
in those from the tungsten-free polymetallic deposits.
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High content of indium in chalcopyrite, shown in
Table 1, probably indicates a high temperature of
formation. Sphalerite rarely appears where the
F&+ /Znz+ rado of the coexisting stannoidite
exceeds approximately 1. These differences imply
that the tungsten-bearing deposits formed under
lower /(S) or higher temperature conditions (or
both) than tungsten-free deposits.

More detailed investigations will be needd to clar-

Frc.A. F&+ /Zfr+ of sphalerite (left) and of tennantite-tetrahedrite-series mineral
(right) as a function ofFe2+ /Zn2+ in stannoidite (atomic proprortions).
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FIc.5. Ternperature - log/(S) diagram for stannoidite-bearing ores from Japanese
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ify the factors that lead to different/(S) and tem-
perature conditions for different types of tin-bearing
hydrothermal deposits.
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