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Mode of Occurrences and Depositional Conditions of
Stannite from the Yeonhwa 1 Mine.

Je-II Chung*

ABSTRACT: In the zinc-lead (-silver) ores from the Yeonhwa 1 mine, stannite is widespread, though minor in amount.
It may be divided largely into two species on the basis of its chronological order during mineralization; i.e., stannite
I formed in Stage I, and stannite II formed in Stage II. Also, the mineral may be classified into two types according
to the difference of its associates; i.e., stannite 1 closely associated with sphalerite, and stannite 2 with galena,
In general, the stannite 1 tends to predominate in the stannite I and the stannite 2 in the stannite IL

The formation temperature and sulphur fugacity of stannite 1 deduced from stannite-sphalerite geothermometry

are from 280 to 350°C and from 10" to 10~® atm.

INTRODUCTION

The crystal structure of stannite (Cu,FeSnS,) may
derive from the chalcopyrite structure, in which if
half of the iron atoms in chalcopyrite are replaced
by tin, stannite is built up. Zinc may also substitute
for iron in stannite and the mineral kesterite (Cu,Zn-
SnS,) results. It has long been believed that a comp-
lete solid solution series may exist between stannite
and Kesterite, however, recent studies on natural mi-
nerals in the synthetic system Cu-Fe-Zn-Sn-S have
revealed that complete solution series may exist at
temperatures above 680°C. But below this tempera-
ture, there is miscible gap represented by the two-
phase region (Springer, 1972; Harris and Owens,
1972; Petruk, 1973).

The marked difference in physical properties, espe-
cially in optical properties recognized between stan-
nite and Kesterite has already been noted by previous
investigators.

With respect to the natural occurrence of stannite-
kesterite intergorwths, on the other hand, Harris and
Owens (1972) carried out the electron microprobe
study and revealed that the guest phase has a com-
position StssKes(mole percent of stannite and kesete-
rite molecules), whereas matrix (the host phase) has
a composition Sti;sKees, and that after annealing at
350°C, the samples appear to be homogenized. They
considered that the above intergrowth texture was
due to exsolution during cooling. Subsequentry, in
the study on sulphides from the Mt Pleasant mine,
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Petruk (1973) found the intergrowths of stannite(Stys
Kess) and kesterite(St24Ke76). Taking this result to-
gether with that given by Harris and Owen (1972)
into account , he suggest that wider two-phase field
is expected than proposed by Springer (1972). More
recently, Hall et al.(1978) have examined the natural
kesterite(StxKes;) and the coexisting stannite by si-
ngle-crystal X-ray diffraction, and revealed that the
two minerals are not isostructural; i.e., space group,
stannite: 142 m, kesterite: I4. Unit-cells of these two
phases are shown in Fig. 1.

Quite recently, Sugaki et al.(1983) have reexami-
ned the phase relations in the pseudo-binary system
stannite-kesterite and revealed that, at temperature
600°C, there exists intermediate solid solution(iss),
which has intermediate composition between stannite
and Keserite in addition to stannite s.s. and Kesterite
8., indicating that phase relation in this pseudo-bi-
nary system is not simple (Fig.2).

An occurrence of stannite at Yeonhwa 1 has al-
ready been reported by Lee, S.R.(1980), however, un-
fortunately information on its physical properties and
chemical compositions are scanty.

OCCURRENCE

In the zinc-lead (-silver) ores from the Yeonhwa
1 mine, stannite is widespread, though minor in
amount. It may be divided largely into two species
on the basis of its chronological order during mine-
ralization; i.e., stannite I formed in Stage I, and stan-
nite II formed in Stage II. Also, the mineral may
be classified into two types according to the differe-
nce of its associates ; i e., stannite 1 closely associated
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Fig.1. Diagrammatic representation of stannite (upper
left), kesterite (upper right) and sphalerite (lower left) st-
ructures, emphasizing the difference in metal ordering.
The radius of the spheres is arbitrary (after Hall et al.,
1978).

with sphalerite, and stannite 2 with galena. In reflec-
ted light, the stannite 1 exhibits greenish grey colour.
In grneral, the stannite 1 tends to predominate in
the stannite I and the stannite 2 in the stannite IL
In rare cases, the stannite contains chalcopyrite blebs
formed probably due to exsolution upon cooling, but
sphalerite inclusion are not recognized at all,

Under the ore microscope, the stannite was obser-
ved in the followingtextural relationships.

(1) The discrete grains of stannite enclosed perfec-
tly within the sphalerite host with coarse-grained as
large as more than 1 mm across may be usually en-
countered. This mode of occurence is representative
and most common at Yeonhwa 1. Individual crystals
of it have quite irregular outline and attain 50 um
across (Fig. 3(1)).

(2) In some ore specimens in Stage I, irregulary-
shaped minute grains of stannite, usually with vermi-
cular or skeletal shape, are sparsely distributed in
the sphalerite host together with those of chalcopyrite
and pyrrhotite. These minute inclusions of stannite,
chalcopyrite and pyrrhotite may be attributed to ex-
solution products upon cooling (Fig. 3(2)).

(3) In coarse-grained pyrite- and galena-rich ores
formed in Stage II containing abundant rhodochro-

site as a gangue, there are sphalerite grains rimmed
perfectly by stannite, showing apparently replacement
texture. Such sphalerite grains also contain tiny dots
of stannite, usually less than 10 ym across (Fig. 3(3)).

(4) In some zinc-lead ores rich in galena, the stan-
nite grains with triangular form are intergrown inti-
mately with galena having irregular shape. The stan-
nite is relatively coarse-grained, attaining up to 70
um across (Fig. 3(4)).

(5) In some pyrrhotite-rich ores with some galena
and marcasite formed in Stage I, stannite often deve-
lops along the grain boundaries between pyrrhotite
and galena. Individual grains stannite exibit narrow
film or vermicular form, the width of which attain
20~30 im (Fig. 3(5)).

(6) In rare cases, stannite II is in direct contact
with boulangerite. These boulangerite-stannite interg-
rowths are usually scattered through the galena host.
The boulangerite crystal is lath-shaped, attaining 10~
20 um in longer dimensions (Fig. 3(6)).

Optical and Physical Properties

As mentioned before, stannite I is greenish grey
in colour, whereas stannite II is bluish grey. It has
polishing hardness higher than galena and sphalerite.
Between crossed polars, it is quite isotropic. No biref-
lectance and internal reflection were recognizable.

The reflectance measurements were performed
using SiC standard. The wavelength dispersion of re-
flection for the wavelength of light between 420 and
700 nm by a 20 nm scans for the grain of stannite
I1-2 are listed in Table 2, together with the data for
stannite given by Picot and Johan (1982). There is
no significant departure between the two; reflectance
increases gradually with increasing wavelength below
600 nm, but it decrease gradually with increasing
wavelength above 600 nm.

The microhardnesses for some selected grains of
the mineral were determined using Akashi MVK-F
microhardness tester. The results thus obtained were
expressed in terms of Vicker’s hardness number
(VHN), which ranged from 220 to 246 kg/mm? at
a 50 g-load.

Chemical Composition

Chemical analysis of the present stannite was per-
formed using an electron microprobe with wavele-
ngth dispersion mode (WDX). In this study, a JEOL
“Superprobe JXA-733" was used. The ZAF correc-
tions for matrix effects were made to the Castaing’s
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Fig.2. Phase diagram in the system Cu,SnSi-FeS-ZnS at 600°C, log f(S;)=—2.3 (after Sugaki et al.,1983). Abbreviations:
kes; kesterite, po; pyrrhotite, py; pyrite, sp; sphalerite, and st; stannite.

Fig. 3. Photomicrographs of the polished sections (one po-
lar), showing the mode of occurrence of stannite. Bar
scale indicates 100 m in length. Abbreviations: bl; boula-
ngerite, cp; chalcopyrite, gn ; galena, mc; marcasite, po;
pyrrhotite, py; pyrite, sp; sphalerite, st; stannite, and g;
gangue mineral. 1; Specimen No. YH83-006, 2; Specimen
No.YH83-002, 3; Specimen No. 54-004, 4; Specimen No.
12-111, 5; Specimen No. 24108, and 6; Specimen No.YH
84-301.

values at first approximation.

The qualitative microprobe analysis spectrometer
scans detected the elements of Cu, Fe, Zn, Sn and
S. Concentrations of other elements which were ex-
pected to enter into the stannite structure, such as
In and Cd were less than the detection limits of mic-
roprobe, althogh careful peak search of charactristic
X-rays from these elements was made.
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Fig. 4. Variation diagram showing the relation of ZnS ver-
sus FeS in stannite (mole percent). Full circle; stannite
associated with sphalerite and full triangle; stannite not
associated with sphalerite. Broken line means the value
of (ZnS+FeS) mole percent=25 mole percent.

The quantitive analyses of the stannite by microp-
robe were made for fifty three spot in discrete nine-
teen grains from eight ore specimens, from which
it is evident that the Yeonhwa 1 stannite is “Zn-bea-
ring stannite”. Also , in Fig.4, the analytical results
are plotted in terms of FeS versus ZnS into the FeS-
ZnS diagram, in which stoichiometric composition
Cux(Fe, Zn)SnS, represents a straight line connectio-
ning 25 mole percent FeS and 10 mole percent ZnS.
From this figure, it is clearly seen that the stannite
1 has the concentration of ZnS in excess for the stoi-
chiometric composition; i.e.,(FeS+ZnS)>25 mole pe-
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Fig.5. The enlarged parallelogram in the triangle of the pseudo-ternary system CuS-(Fe+Zn+Mn)S-SnS, showing the
composition of stannite. Open circle; stoichiometric stannite (Cux(Fe, Zn)SnSy), full circle; stannite associated with spha-
lerite, and full triangle; stannite not associated with sphalerite. Broken line connects the composition of stoichiometric
Cux(Fe, Zn)SnS, and extends toward the compostion of stoichiometric Cu,SnS; and (Fe, Zn)S.
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Fig.6. The enlarged parallelogram in the triangle of the pseudo-ternary system Cu,SnS;-FeS-ZnS showing the
composition of stannite. Open circle; stoichiometric stannite (Cux(Fe, Zn)SnS,), full circle; stannite associated
with sphalerite, and full triangle; stannite not associated with sphalerite. Broken line connects the composition
of stoichiometric Cuy(Fe, Zn)SnS, and extends toward the composition of stoichiometric Cu,SnS; and (Fe,

Zn)S.

rcent. In marked contrast, stannite 2 is plotted adhe-
ring to the straight line, indicating that (FeS+ZnS)~
25 mole persent, in other words (FeS+ZnS)~1 in
the formula of the stoichiometirc stannite 2CuS-(Fe,
Zn)S-SnS.

In order to clarify the above-mentioned composi-
tional features of the stannite in relation to crystal
structure, the chemical data were processed in the
following procedures. The chemical compositionals
of the stannite were plotted into the triangle diagram
of the system CuS-(Fe+Zn+Mn)S-SnS$ in Fig.5. In
this system, Cu, (Fe+Zn+Mn) and Sn must lie at
a point stoichiometric composition Cu,(Fe, Zn, Mn)
Zhnb,. It is found from this figure that points of stan-
nite 1 deviate significantly from this point, those of
the stannite 2 do not deviate, except a few instances.

Taking the compositional features of the stannite

as mentioned before, their chemical compositions
were plotted into the triangle diagram CuS,SnS;-FeS-
ZnS, as shomn in Fig.6, from which it is seen that
plots of the stannite 1 lie near the line connecting
stannite (Cu,FeSnS,) with sphalerite (ZnS), whereas
plots of the stannite 2 lie near the line connecting
stannite with kesterite.

Thus, it becomes clear that the Yeonhwa 1 stannite
are “Zn-bearing stannite” and may be divided into
two types, the stannite 1 and stannite 2 ; the former
belongs to stannite-sphalerite series, whereas the lat-
ter to stannite-keserite series. Probably, stannites are
partially ordered compound with respect to metals,
(Fe+Zn), Cu and Sn. Further investigation by X-ray
diffraction is needed.

Summary with Some Comments
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Table 1. Information on the specimens containing stannite analyzed with electro microprobe.

Specimen No. Name of deposit Occurrence site Mineral assemblage Type
YH83-006 Dongjeom —60 m level sp-po-gn-cp-st A
YHS83-002 Dongjeom —60 m level Sp-gn-st-cp A
24-114 Myobong —240 m level sp-po-mc-st A
54-209 Namsan ~540 m level py-po-cp-gn-ap-st-mc A
YH83-109 Dongjeom =120 m level Sp-py-cp-st A
54-004 Namsan —540 m level py-sp-st-gn-po-mc B
12-111 Wolam —120 m level Ppo-py-gn-sp-cp-mc-st B
YH83-105 Dongjeom =120 m level ap-sp-cp-gn-st B

A; contacted with sphalerite and B; no contacted with sphalerite.

Table 2. Reflectance in air for stannite.

Reflectance (R percent)

Wavelength ()} )
Ao(nm) Rinex Roin Roex Roin
420 23.1 216 220 20.0
440 244 222 23.6 21.5
460 25.7 235 249 23.0
480 268 247 260 24.3
500 27.5 254 27.1 255
520 279 26.1 28.0 26.5
540 28.2 26.7 286 274
560 28.5 27.3 29.0 28.0
580 288 27.3 294 28.6
600 29.1 27.7 29.5 28.8
620 28.7 276 295 29.0
640 28.2 269 29.2 28.8
660 276 26.0 28.6 28.2-
630 274 259 278 276
700 215 258 26.8 264

1; Yeonhwa 1 mine, Specimen No. 54-004. Stendard; SiC.
Spot size of light beam; 20 ym¢ and objective; X20. Nu-
merical aperture; 0.40. 2; After Picot and Johan (1982).

The marked discrepancy in the shapes of miscible
gap (two phase region) recognized in the phase diag-
ram along the stannite-kesterite series obtained by
synthetic work by Springer (1972) and by the works
on natural intergrowths of these two phases by Harris
and Owens (1972) and Petruk(1973) has not been
fully explained hitherto. In this respect, Kato (1974)
suggests the following two possibilities. The first is
that the synthetic o-form of Cu,FeSnS,, into which
the pform is transformed 680°C has sulphur deficie-
ncy (Franz, 1971). The second is that the o-form ob-
tained by experiment is not perfectly ordered, but
is partially ordered, which has sphalerite substruc-
ture. In addition to the above mentioned matters, the
phase diagram of the synthetic stannite-kesterite se-
ries given by Sugaki et al. (1983) suggests the more

complicated features for the phase relation along this
pseudo-binary join in the system Cu-(Fe, Zn)Sn-S
than considered before.

As indicated in Fig. 2, at temperature 600°C, stan-
nite s.s. cannot coexist with sphalerite s.s. in equilib-
rium. As mentioned before, however, direct contact
of Zn-bearing stannite with sphalerite is most com-
mon in natural occurrence. Iron and zinc partitio-
ning between coexisting Zn-bearing stannite and
sphalerite s.s. as a possible indicator of temperature
and sulphur fugacity has been discussed by Nekrasov
et al. (1979) and Nakamura and Shima (1982), and
the application of this “stannite-sphalerite geothermo-
meter” to the natural occurrence was attempted by
Shimizu and Shikazono (1985). The application of
this to the Yeonhwa 1 zinc-lead (-silver) ores will
be mentioned below this paper.

STANNITE-SPHALERITE GEOTHERMOMETRY
General Statements

Iron and zinc partioning between stannite and
sphalerite may be expressed by the following excha-
nge reaction.

Cu,FeSnS, (in stannite)+ZnS(in sphalerite)s
Cu,ZnSnS, (in stannite)+FeS (in sphalerite) (1)

The partition coefficient, Kd, for reaction in the
above Eq.(1) is given by,

Kd=[(X"Cu,FeSnS,)/(X* Cu,ZnSnS,)]/
(X FeS/X” ZnS) @

where X% denotes mole fraction of component i/ and
a the phases concened (stannite (sf) and sphalerite
(sp) in this case).

Nekrasov et al. (1979) and Nakamura and Shima
(1982) reported the following relations showing a te-
mperature dependency of iron and zinc partitioning
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Fig.7. Diagram showing the relation between XcusFesnsy/
Xcuyznsnsy in zincian stannite and Xees/Xzos in Fe-bearing
sphalerite (after Nakamura and Shima, 1982).

in stannite-sphalerite pair,

log Kd=(1.274X10°XT H—1.174,

(Nekrasov. et al,, 1979) 3)
log Kd=Q28X10°XT )—3..
(Nakamura and Shima, 1982) 4)

The above two geothermometers are in good agree-
ment at about 380°C, but at lower and higher tempe-
rature regions, the difference in log Kd-T relation de-
termined from Egs. (3) and (4) becomes conspicuous.

Shimizu and Shikazono (1985) have recognized
that, there is good correlation between stannite-spha-
lerite temperatures based on Eq. (4) and homogeni-
zing temperatures of fluid inclusions and sulphur
isotope temperature, and stressed that the stannite-
sphalerite pair is useful indicator of temperature and
sulphur fugacity, f(s;). Moreover, they have shown
the results on three types of ore deposits (mostly Ja-
panese ones) and deduced that the formation tempe-
ratures are not significantly different for skarn-type,
polymetallic vein-type and Sn-W vein-type deposits,

Table 3. Selected electron-microprobe analyses of stannite associated with sphalerite.

Po. Gr. Weight percent log XcusFesnsa

Cu Fe Zn Mn Sn S Total u2ZnSnS4
1 A 27.40 12.57 4.25 - 26.88 28.95 100.05 0.58
2 A 29.33 1241 2.64 - 2699 29.28 100.65 0.52
3 B 27.81 11.63 5.89 0.60 2590 29.67 101.50 0.36
4 B 27.50 11.63 6.55 0.03 25.75 29.37 100.83 0.32
5 C 30.07 11.84 2.17 0.02 27.61 29.19 100.90 0.79
6 C 27.38 11.82 6.39 0.01 25.24 29.21 100.05 0.33
7 C 27.81 11.39 542 0.08 24.57 29.51 98.78 0.39
8 E 28.79 12.33 473 0.14 25.80 29.77 101.56 0.56
9 E 29.10 12.34 2.70 0.13 25.93 29.48 99.68 073
10 E 2835 12.16 4.64 0.17 26.18 29.80 101.30 048
11 E 29.54 1222 352 0.15 26.06 29.74 101.23 0.61
12 F 29.59 1243 2.84 0.14 26.09 29.65 100.74 0.70
13 F 29.17 1225 342 0.14 25.81 29.94 100.73 0.63
14 F 29.59 11.99 3.98 0.17 25.13 30.29 101.12 0.54
15 H 27.38 11.82 6.39 0.01 25.24 29.21 100.05 0.34
16 H 27.81 11.39 542 0.08 24.57 29.51 98.78 0.39
17 H 29.25 12.39 227 0.01 25.82 2947 99.20 0.81
18 1 29.14 12.38 2.28 0.01 26.38 29.72 99.91 0.81
19 1 28.83 11.89 3.52 0.02 2547 29.46 99.19 0.61
20 ) 29.26 12.78 2.34 0.03 27.66 29.61 101.65 0.79
21 K 29.25 12.25 272 0.13 26.12 29.71 100.18 0.72
2 K 29.32 12.16 345 0.14 26.00 30.18 101.25 0.23
23 K 29.32 12.59 3.16 0.17 25.34 30.25 100.83 0.68
24 L 28.12 11.87 4.77 0.22 25.63 29.98 100.59 0.46
25 L 2941 12.16 2.74 0.13 26.31 29.95 100.70 0.72

Po.; point number, Gr.; grain number, point no. 1~7; specimen no. YH83-006, point No. 9~14L; specimen no. YHS$3-
002, point no. 15~19; specimen no. 54~209, point no. 20; specimen no. 24~114, and point no. 21~25; specimen

no. YH83-019.
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Table 4. Selected electron-microprobe analyses of sphalerite associated with stannite.
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Weight percent Xres
Po. Gr log 7 —

Zn Fe Mn Cu Cd S Total Xzns

1 A 56.12 9.70 0.12 0.05 0.35 33.36 99.70 —0.69
2 A 56.99 9.43 0.09 0.06 0.34 33.49 100.40 -072
3 B 56.23 9.46 0.06 0.35 0.39 33.23 99.72 -0.71
4 B 55.87 9.86 0.09 0.69 0.06 3341 99.98 —0.68
5 C 56.58 10.14 0.10 0.64 0.38 33.34 101.18 —0.66
6 C 56.73 10.10 0.10 0.16 0.33 33.32 100.74 —0.69
7 C 56.88 9,82 0.12 0.10 0.34 32.76 100.02 -0.70
8 E 53.59 10.56 207 0.22 0.38 33.77 100.59 -0.64
9 E 53.18 10.94 1.90 0.16 0.39 34.05 100.62 —0.63
10 E 52.16 11.25 263 0.05 0.39 34.00 10048 -0.60
11 E 51.88 11.57 204 0.19 0.36 34.12 100.16 -0.57
12 F 52.89 10.80 1,40 0.28 \0.39 34.35 100.11 —0.63
13 F 5244 iL.14 1.90 0.16 0.34 34.02 100.00 -0.60
4 F 53.10 11.28 1.98 0.05 0.35 33.59 100.35 —0.61
15 H 57.18 9.72 0.10 0.09 041 33.24 100.74 —0.69
16 H 57.18 9.78 0.09 0.06 0.36 33.07 100.54 -0.70
17 H 56.20 10.02 0.18 0.4 0.30 3291 99.65 -0.69
18 1 56.64 9.99 0.15 0.06 0.35 33.01 100.20 —0.69
19 I 5748 9.37 0.10 0.09 0.37 33.18 100.95 -0.79
20 56.14 9.80 0.12 0.05 0.35 33.24 99.70 —0.69
21 K 56.84 9.44 0.07 0.68 0.40 3332 100.75 -0.72
22 K 5594 10.10 0.12 0.14 0.31 33.19 99.80 -0.69
23 K 56.14 9.80 0.12 0.05 0.35 33.24 99.70 ~0.69
24 L 56.25 9.55 0.06 0.35 0.39 3311 9.71 -0.69
25 L 55.88 9.96 0.09 0.69 0.06 3329 997 -0.68

Po.; point number, Gr.; grain number, point no. 1~7; specimen no. YH83-006, point no. 9~14L; specimen no. YH83-
002, point no. 15~19; specimen no. 54~209, point no. 20; specimen no. 24~114, and point no. 21~25; specimen
no. YH83-019. ’
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whereas the sulphur fugacities are different.

As mentioned above, in the Yeonhwa 1 zinc-lead
(-silver) ores, the coexistence of Zn-bearing stannite
with Fe-bearing sphalerite is common, and occasio-
nally direct contact of the two minerals may be obse-
ved. If the assumption is made here that the mineral
pair is in equlibrium, their compositions near the co-
ntact will serve as indicator of the formation tempe-
rature and sulphur fugacity (Fig. 7).

Analytical Procedures

The mutal contacts between Zn-bearing stannite
and Fe-bearing sphalerite were searched under the
ore microscope on polished sections, taking both op-
tical and compositional homogeneity into considera-
tion, and the area containing the exotic particles,
such as chalcopyrite in Fe-bearing sphalerite was
avoided. Moreover, analytical points of the mineral
pair were selected as near as possible.

Then careful microprobe analyses for the mineral
pair were carried out. The pairs, in which Fe-bearing
sphalerite containing manganese more than 1 weight
percent Mn were avoided.

Results and Discussion

The results of microprobe analyses for the Zn-bea-
ring stannite and Fe-bearing sphalerite are listed in
Table 3 and Table 4. In addition, they are shown
diagramatically in Fig. 8 (right), showing the relations
between log(“*Cu,FeSnS,/*Cu,ZnFeSnSy)st and log
(FeS/ZnS)sp for the Yeonhwa 1 materials, together
with the diagram given by Shimizu and Shikazono
(1985) on some ore deposits of skarn type, polymetal-
lic vein type and of Sn-W vein type.

As shown in Fig.8 (right), the elongated rectangle
showing the range of the plots, temperature ranges
from about 280 to 350°C and sulphur fugacity from
about 107"to 10* atm, which correspond to those
of the Japanese skarn type ore deposits.
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