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Occurrences and Phase Stability Relations of Minerals of the
Cu-Fe-Sn-S System

Min Sung Lee*

Abstract: Stannite is mainly found in hypothermal ore deposits, whereas mawsonite and stannoidite
occur characteristically with bornite and chalcopyrite in subvolcanic (xenothermal) ore deposits.
Mawsonite always shows the replacement on the rims of stannoidite grains or along the grain
boundaries of stannoidite, bornite and chalcopyrite.

In the Tada mine, Japan, the following mineral assemblages of the Cu-Fe-Sn-S minerals were
observed. 1) bornite-stannoidite; 2) stannoidite-chalcopyrite; 3) stannite-chalcopyrite; 4) bornite-
mawsonite-stannoidite; 5) bornite-stannoidite-chalcopyrite; 6) mawsonite-stannoidite-chalcopyrite;
7D stannoidite«stannite—chalcobyrite; 8) bornite-mawsonite-stannoidite-chalcopyrite

The heating and D.T.A. experimental results indicate that natural stannoidite containing 3 weight
percent of zinc decomposes to bornite, stannite and chalcopyrite at above 500°C, whereas zinc-
free synthetic stannoidite is stable up to 800°C. The stability temperature of zincian stannoidite
depends on the zinc content. Mawsonite is stable at temperatures below 390°C and decomposed
to stannoidite, bornite and chalcopyrite above it.

According to the sulfur fugacity determination by the electrum tarnish method the univariant
assemblage of mawsonite, bornite, stannoidite and chalcopyrite requires a higher sulfur fugacity
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than that of bornite, stannoidite and chalcopyrite assemblage.
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Table 1.

e

Natural assemblages of Cu-Fe~Sn-S system

Mineral assemblages

Localities

1. Chalcopyrite-stannite
2. Chalcopyrite-stannoidite

Bornite-mawsonite
4. Chalcopyrite-stannoidite-stannite

Chalcopyrite-mawsonite-stannoidite
6. Bornite-chalcopyrite-stanneidite

7. Bornite-mawsonite-stannoidite

8. Bornite-chalcopyrite-mawsonite-stannoidite

Mangualde (Portugal)
Obira (Japan), etc.

Konjo, Ashio (Japan)
Mangualde (Portugal)

Ashio (Japan)
Mt. Lyell (Australia)

Tkuno, Konjo, Ashio, Tada (Japan)

Fukoku (Japan)
Mangualde (Portugal)

Akenobe, Tada, Yanahara, Tsumo (Japan)
Mangualde (Portugal)

Tada (Japan)
Tingha (Australia)

Tada, Akenobe (Japan)

Table 2. Observed ore minerals from the Hyotan and Gochaku vein

Vein Level py cas sp std mw st cp bn ga tet g‘;’ ’2Cg' stm mk Ag cv
+ o+ R +
~120 mL I + o+ T4 4 " +
+ }
~150 mL + T+ 4 T+ + +
+ +
€1 -180 mL + o+ o+ o+ T+ 4 + +
=N ) + +
g Z
>
= T + T +
8 -210 mL + + + + + + + + +
°© + +
ES
T + +
m + o+ 4 7 I+ ot +
= +
S| -120 mL -+
§ m + i + + + + + +
+
o 120 mL T4 + o+
= -+ + -+
=
Q £ =+ + —+
G 8| -180 mL + o+ + + o+ o+
+ + +
+++ abundant, +-+ common, - rare
Abbreviation: py=pyrite, cas=cassiterite, std=stannoidite, mws=mawsonite, st=stannite, cp==chalcopyrite, bn=bornite,

ga=galena, tet=tetrahedrite, cc=chalcocite, dg=digenite, Ag-cc=Ag-bearing cc, stm=stromeyerite, mk=

mckinstryite, Ag=native silver,
= FEHHEA A% ERAQY. 28y o) sk
<] @84+ Boorman and Abbott (1967), Springer
(1968) =2}z Petruk (1973)Z¢] 9] 4 WEE s
o] E(CugFepSnSg) 3 &k o] t}o] E(CugFe;sSn,S;,)
] Mol & Aoz BEF AL, oo Bzeel
2 gle] 2Etmo|tiolER H4E gipo Ramdohr(19

cv=covellite

607} AA =g vtel E sty RS Gty o o] %
HA. B 221 Cu-Fe-Sn-S 9] REAA
Hate g e table 13} 7o,

2. Cu-Fe-Sn-S X #k#mol FEHikne
BEKIE ko2 H¥EE HAk LB (Hyogo) o



Cu-Fe-Sn1S % Bipdl EHURES} HEEMMR 207
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kst ZA(Gechakwhied o) Sagnel EHRES
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el
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dtH(Plate 3. 4). ®| 2= 8] FHAH eto] B} pYEE
HARTY Mg = 2 33 A A e
KRl MRS 2olol, 9 BovtolE w44
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avtel BEE 2 frfefo] Zulkolrio) Ed Mt
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B Bifksl o] mReh Weba watel = g
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FE 4ol Erh

&=l (Plate 7).
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H

2] ARE A 22 HE 2oz vz #y
M-S wlch(Plate 3, 4, ),

Zaveol B @ikt Mol glddAde g8 2o
HEES 57 gk

(1) Bavtol B9 Bl KT e W9 =&
(2) ool B $4 2ol E, 1.9.401‘5 4
B FErRsl o] RS 2 ekl vl B i
EE o] Y —iliE ZRE R 2L Ms ek
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3. Cu-Fe-Sn-S X g0 #rk

KEjpE =diviol E ¥l ~efrolvho) Ex % Zng
BREAN Lavel Bl gfiekA thedh &Rl
E, &EtolnpelE W RafolEE o] E9 #Ko]
Fifi foll FolmZ table 3o} weix & ulgl o] =
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(Table 3).

ZH#Le Hyotan kol A il & 2k o] tho]
Egl 2avto]le9] jEfkHIe]  EPMA (ElectronProbe
Micro Analyser)ol] ]38t 734ifiie] K-S table 4]
Forsk g,

% Mgkl Hyotan )k} Gochaku kol 4 #i25d Cu-
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(1) =% 4 (trivariant assemblage)
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plate 1
¢p: chalcopyrite, st: stannite, ga: galena

cp ol cp ol RIS GATRHE stob St E A
=

-nicol
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plate 2 ~nicol plate 5 -nicol
st: stannite sd: stannoidite cp: chalcopyrite cas: cassiterite sd: stannoidite mw: mawsonite
sd Frell cp o] BEAMS SHSHE st o RTFob FLES cas$ sd 7 (a9l ol sd o) Shgkisel mwol fEfEstu}

plate 8 - ~nicol plate 6

-nicol
sd: stannoidite, mw: mawsonite, sp: sphalerite, sd: stannoidite,
bn: bornite, cp: chalcopyrite. ga: galena, bn: bornite
bn, mw, sd, cp®] univariant %ﬁA sp 9 —i#fE sd 7} etz QoM sd = bno 984 =
bn EPO}] sd 7]- equigranular texture & YefWu] FfEsl o Al
mw = sd o S e o —HE ’x‘ﬁﬁ} HiES v

2

plate 4 -nicol plate 7 ~nicol
sd: stann'mdlte, mw: mawsonite, sd: stannoidite, mw: mawsonite, ¢p: chalcopyrite
bn: bornite, cp: chalcopyrite sd o) SRR cp ol WiENDOl fEfEs A mw Hiol g
bn, mw, sd, cp <] univariant HE. FEdhA] phiu =

mw ot sd BiFo B = o2 e S
o,

<
By
o
=
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Table 3. Chemical composition of Cu-Fe-Sn-S minerals
Mineral names Crystal systems Chemical formula Cu/Sn Metal/Sulfur
Chalcopyrite tétragonal CuFeS, 1
Stannite tetragonal CugFeSnS, 2/1 1
Stannoidite orthorhombic CugFe;Sn,Sye 411 13/12
Mawsonite pseudocubic CugFe,SnSg 6/1 9/8
bornite tetragonal CusFeS, 6/4
Table 4. EPMA data of stannoidite and mawsonite of the Hyotan vein
Sample No. Cu Fe Zn Sn S Total Occurrence
1 TI20L-N20-2-1 std 39.21 8.71 4,73 18.05 2931 100.01 | stannoidite without mawsonite
replaced sphalerite
2 TI20L-N20-2-2 std 39.01 8.78 451 19.84 29.86 100.00 | stannoidite without mawsonite
replaced sphalerite
3 TI20L N20-2-3 mw | 44.67 1247 0.05 1348 29.34 100.01 | mawsonite with stannoidite
replaced sphalerite
-4 THyotan std 38.50 8.82 463 17.89 30.17 | 100.01 | stannoidite without mawsonite
5 72061606-1 std 39.07 9.26 3.88 18.14 .29.65 100.00 | stannoidite with mawsonite
6 72061606-2 mw 4320 12.75 0.01 13.58 30.46 100.00 | mawsonite in stannoidite

Atos

mic ratios to a total 25

atoms in stannoidite and 17 in mawsonite

I~ NV N O Ny

Cu Fe Zn Sn S Metal/Sulfur
807 204 094 199 1195 | 130120 |
. (]
829 212 093 202 1206 | 13.4/126 | Lake off Angle: 52.5
611 194 099 796 | 9.0/80 | Specimen Current: 0.02/uA
7.86 205 092 196 1221 | 12.8/12.2 on Al0s
802 216 077 199 1206 | 13.0/12.1 | Accelerating Voltage: 15 kV
586 197 098 819 | 8.8/8.2

(2) 8R4 (bivariant assemblage)
iv. B 91}o]E—m 2}o] E— el o] t}o| E
V. R 9ol E—2El o] tho] E-—t@ sfo] go] B
Vi. Bavpo]E—2glro|tio]l E—gk g slo] glo] E
vii. 2ol tho]l E—2evbo]l E stz slo]lo] E

‘(3) —# R4 (univariant assemblage)

vili, 2. @ 1}o] E— g a4r}o)E— 2B ot E—2 T

sho] 2ol =,

Rl Qo4& Cu-Fe-Sn-S % #45F Fe-SH &
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“Tasmania 2] Mt. Lyell (Markham and Lawrence, 1965)
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Table 5. EPMA data of heating products of natural stannoidite and mawsonite at 700°C
decomposed analyzed composition (wt.%)
samples

products Cu Fe Sn S total
natural stannoidite phase-1 31.83 9.16 25.64 33.37 100.00
phase-2 56.84 13.81 0.51 28.84 100.00
natural mawsonite phase-1 39.34 12.33 15.09 33.23 99.99
phase-2 55.93 12.67 0.69 30.75 100.00

Take off Angle: 52.5°; Specimen Current: 0. 02zA on Al;O;; Accelerating Voltage: 15kV

i x4
D‘:;-\\, ,-""’,'
L ,// Pt
v .
e P % =
Mg o+ st & c v
——
Kee + Lot
i
Lae e L i H
]
» - ” ® »
i o %

The pREEP reANETs JROTDNN SRIRBND RO MBSV SO
ool R 2w S5io ¢F Lovanoed) ( 1078 7.

Fig.1 Phase relation along the bornite-mawaonite-stannoid-
ite~stannite-chalcopyrite. The phase relations between
stannite and chalcopyrite were referred to the data of

Bernhardt (1972).

Mol S sl ol 22 A Aol W2
S ZnE A SE WET SRS 830°C
A B Aol HRAALFs. 1,

o E MEEMEE P8 KRE 26
SERES B2 feEke 2 HHL

4Zn-stannoidite=3 bornite+8 Zn-stannite--chalco-
(Cus(Fe,Zn)gsnsz) (CU5FCS4) (Cuz(Fe,Zn)SnS4)

pyrite+Sa(gas)
(CuFeSy)

el SRES Zn2 fFfEEo] Wingel wel 2
BEA FolA = fFFe] REHS. &H RRE Zix
Yol E= 390°C(£10°C) M kol A= B o 1}o] E 428
roltpo] EFasfoleto| ER SpRElE Aol #EEE
$2 2 KES da3 Zo] LA,

8 mawsonite=3 bornite+4 stannoidite--chalcopyrite

(CueFexSnSg) (CusFeSs) (CugFesSnzSyz) (CuFeSy)

+S2(gas)

A9 SRSl 3 EPMA o] 98 BS54
R Table 40 Ayt

FRERHRAA S S00°C LIE9) BAaHEe 9
&l CueFe:SnSe IS WBHE= FHE mar)o)

iﬁ.]?«

o] cho] 2]

> HHEA o R OUo|E+2Elor}o]lE

+7Zzslol eto]l ES] 3iHY] Aol WEET #Hok H
T a(fluxyite] o AREBMSE  200-380°C o A
Eavpol EAFe] AREAAA e 4 R2uolE, &
Elrojrtol E @ Fzslolglol BES) T ol E &
BAES] EAERRS RS RREY A A1 FHil
shrh, Ravel B9 SMBEERGRE KRS ER A
B 9 EBRAERE SE AEEE ov GHE 2oy
ol E ZElo|tholE 3l Zz sboele] B9 fAfelt) o]
o2 MRS SRILBH o R FE Bk fiHad o8
A Bavol Evl AR 4 Jd8S Rl

Cu-Fe-Sn-8 ;%] #BAR] glol Al FKikel oA}
FRERC A LEfoltolEg RayoEE
A Ho kol E&) Zhmvlolelo] E o wrfs)A] ks
= glfe] ¥HA vk @9 2o ER gzl
glol Edl= e A vliE R ovlolE e waolE
ko] Ma-E HEEAYA &k

Kol 4= Cu-Fe-Sn-S %] —8% 4fHMA S
o] E—R o] E—2Elk o] tho] E—ok3 sho] glo] E
wro] WHA A5k Fig. 29 MBGMEA4 2ddAE
ulo} zko] o] i#ree

B 9ol E—2El ol tto] E—xli}o] E 3 5}o]
el £

0ol &2t ce] ol £l = o]

E. (digenite)

2] tho] E—2ulifo | E—Z 35t} eto] E—sfo]
ghol B

% }o] E—zaphico] tho] 2 o] ko] E—sho]
ol E (s 44 EElo]E)

.9 v}o] BB r}o] E—2uelxco] pho] E—sho] o]

E(ms »]J.EF’]E)

b REMOE MY ¢ vtz 448 2= 9l

S b 44 MY REHe =AY HiEe 47
T @ik

h=h Li—o]E—}«Eﬂq_

?!

£~ s5}0] 2}o] E—sfo] o]



Cu-Fe-Sn-S#% #ype} EEHIIRAERSH 1EEERIER 21

Fig.2 Phase diagram of the Cu-Fe-Sn-S system at 300°C
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Fig.3 Diagram showing experimental points locating the
mw--bn+std+cp equilibrium and some other eqilib-
ria. The sulphur condensation curve from Braune,
Peter & Neveling (1951) The cv-dg and AgS-Ag
curves are from Richardson and Jeffes (1952), py-po
is from Toulmin & Barton (1964), and bn-py-cp
curve is from Barton & Toulmin (1964).
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