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Ansrnacr
Arsenopyrite, pyrite, galena, cassiterite and molybdenite concentrates each contained

less than b.05 *"ight p"i"u.rt indium whereas three chalcopyrite concentrates contained

0.g8, 0.g8 and 0.16 *"ight p"r cent. Most of the indium in the chalcopyrite concentrates

o""L" i" stannite aoi' spiralerite impurities. Microprobe analysis. indicated that the

principal indium carriers at Mount Fleasant are tetiagonal stannite,.sphalerite, chal-

i.pvrit".rO digenite, with 2.1, 1.25, 0.1g and 0.lL weightper cent indium respectively.

Tli"r" *ittu.uls"have'a sphalerite-type structure with sulphur atoms in cubic closest

prlfii"g and indium probably substituies preferentially for ato.ms with tetrahedral metal-

rrbil; Lond lengths clo"e.t to the tetrahedral In-S bond in stable indium sulphide'

Minerals from th-e Mount Pleasant tin deposit contain more indium than previously

recorded from other indium-rich deposits.

IxrnonucrroN

The Mount Pleasant deposit which lies about 35 miles south-west of

Fredericton, New Brunswick, has mineralogical characteristics similar to

Cornwall-type tin deposits (Petruk, 1964). Although a wide variety of

minerals are found, this investigation was confined to the most abundant

metallic minerals, sphalerite, arsenopyrite, pyrite, chalcopyrite' galena,

cassiterite and molybdenite; also to tetragonal stannite, hexastannite

and digenite which are less abundant sulphides closely associated with

chalcopyrite. Otler minerals occurring at Mount Pleasant are wolframite'

scheelite, hematite, tennantite, chalcocite, covellite, bismuthinite,

wittichenite, glaucodot, marcasite, pyrrhotite, native bismuth, native

gold, siderite, goetJrite, scorodite, arseno-bismite and malachite (Petruk,

Ls64).
The occurrence of indium at Nlount Pleasant is of interest both because

of the rarity of this element and the potential economic significance of an

ore deposii with a relatively high indium content. Although indium is

g"rr".ully preferentially concentrated in sphalerite' as at Kimberly, B'C',

some concentrate analyses of the N{ount Pleasant ore indicated that

minerals other than sphalerite were good indium carriers. Consequently

the electron microprobe study concentrated on the chemistry of chal-

copyrite, on tetragonal stannite and sphalerite inclusions within chal-

copyrite, and on digenite, hexastannite and cassiterite which are associated

witl chalcopyrite.

166



INDIUM IN MOUNT PLEASANT TIN DEPOSIT

Tanlo L. Arvar.vsrs or Mouxr
h-nesalrr Cesstrpnttp

(in weight per cent)

r67

CollcBnrnaTE ANALvsES

Relatively pure samples of charcopyrite, pyrite and molybdenite were
prepared from material collected at trre workings. sampies of arseno-
pyrite, galena and cassiterite were obtained by purifying mineral con-
centrates made during beneficiation tests for the Mount pleasant
company at warren springs, England. Sphalerite concentrates were nor
analysed, as data on the composition werl available (petruk, 1g64). The
chemical analyses were made by a commercial raboratory in Toronto
(Tables l and 2).

In2O6
BeO
sio2
Tio,
V
Mn
FegOa
Ga
@z
ZrOz
NbzOo
SnO2
sb
Hf
TarOs

Total

0.036{,
<0.001

0.55*
0.59*
0.005
0.002
0.58,N,
0.003

<0.001
0 . 3
0 .01*

97.29*
0 . 2

<0 .01
0.005

99.56

, #r,*r:, *jll",i"':::0"""*i:
quantitative.

cassiterite, arsenopyrite, pyrite, galena and molybdenite concentrates
each contained less than 0.05 per cent indium and are unimportant
carriers of this element. The three chalcopyrite concentrates contained
0.98' 0.38 and 0.162 weight per cent indium respectively. Two of these
values are higher than the maximum amount o] irrdi.rrn (0.20 wt. /s)
Petruk found in Mount Pleasant sphalerite and all are higher than the
previous maximum values (0.1b wt. %) recorded for chalcopyrite
(Table L0). chalcopyrite grains from t]re analysed concentrates contained
either sphalerite and minor tetragonal stannite, or tetragonal stannite
and minor sphalerite as inclusions. The predominan"" of orr" mineral
inclusion over the ot]rer is reflected in trre analyses. chalcopyrite B,
witlr much sphalerite, is relatively high in zinc and,low in tin, as clmpared
with chalcopyrites 1 and2, which contain very little sphalerite but insteacl
have tetragonal stannite as the main impurity.
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INDIUI\{ IN MOUNT PLEASANT TIN DEPOSIT 169
Both sphalerite and stannite are known indium carriers (Anderson,

1953 and Ivanov et al., rg6l). Ivanov et aI. (Lg6r) noted that indium may
be favourably partitioned in stannite when sphalerite and stannite co-exist
in equilibrium assemblages. The Mount pleasant concentrates of chal-
copyrite (1 and 2, Table 2) in which tetragonal stannite was tfie main
inclusion impurity, contained more indium than did the chalcopyrite
concentrate (3, Table 2) which had sphalerite as the principal inclusion.
From t]re early stages of the investigation the good indium-carrying
capacity of tetragonal stannite had been suspected as 1.0 per cent indium
occurs in cylindrite, a lead-antimony analog of stannite (Brewer &
Baker, 1936). In addition, as Moh & ottemann (1962) were able to syn-
tiesize the indium analog, cu2lnSnsr, of tetragonal stannite, cuzFesnSa,
stannite could probably also contain large quantities of indium.

Er,Bcrnox Mtcnopnoss Ar.IeLvsBs

Three polished sections of sulphides from indium-rich areas within the
Mount Pleasant mine were sent for microprobe analyses to a commercial
laboratory in Boston.

Two sections, B and C, were prepared from chalcopyrite specimens
selected from the pod of massive chalcopyrite (310 Dr.E.) sampled for
chalcopyrite concentrates (1 and 2,Table 2). petruk donated section A
which was cut from an ore specimen taken at a mineralized fracture at
station 26 + 00 in B0B Dr.E., approximately 200 feet soutJr west of B
and c. Two microprobe traverses were run on polished section A and one
on each of sections B and c. Traverse A-L (Figure 1) was across three
co-existing minerals, cassiterite, digenite and hexastannite. A-2 (Figure 2)'was over cassiterite, hexastannite and chalcopyrite. Traverse B-1
(Figure 3) crossed cassiterite, tetragonal stannite and chalcopyrite, and
C-l (Figure 4) was over sphalerite and chalcopyrite. Analyses (Table B)
for three elements were determined at 0.0001 inch spacings along each
traverse. Indium and tin were selected, as these are associated in sulphide
minerals (shaw, 1952), The third element, either zinc or copper, indicated
the presence of small inclusions in the various phases. Interpretation of
the probe results were complicated by impurities in some of the phases.
sphalerite, whether as large grains or as inclusions in chalcopyrite, con-
tains many orientated "exsolution-type" inclusions of charcopyrite. As
Iess tian 1 per cent copper occurs in solid solution witlin the sphalerite
lattice (Toulmin, 1960), tJre presence of 6.1 =t 0.5 per cent copper in the
sphalerite grain on path c-1 indicates approximately 15 volume per cent
included chalcopyrite. Assuming that the chalcopyrite inclusions are in
chemical equilibrium with that surrounding the sphalerite, then the
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cassiterite
hexastannite
chalcopyrite

Frc. 1. Microprobe traverse A-1. 400X

Frc. 2. Microprobe traverse A-2. 400X
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cassltente cass.
tetragonalstannite stan.
chalcopyrite ccp.

L71

*

FIc. 4. Microprobe traverse C-1. 400X
sphalerite sph.
chalcopyrite ccp.

Frc. 3. Microprobe traverse B-1. 400X
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Test-s 3. Er-scanoN Mrcnopnoss Penrrer- Anar-vsrs or SBr'sctso
MouNt h-Besexr MTNoRALs (in weight per cent)

Sample
Number Mineral Pointsl Indium Tin Zinc Copper

2 . r  * 0 . 2
0 . 5  + 0 . 3

6
5
o

3
o
3

8

15
a)

13
17

A-1

L-2

B-1,

c-1

Cassiterite
Hexastannite
Digenite

Cassiterite
Hexastannite
Chalcopyrite

Cassiterite
Tetragonal

Stannite
Chalcopyritea

Sphaleritea
Chalcopyrite

0.04+0.02,
0.04: t0.01
0 .11+0 .03
0 .03+0 .01
0 .03+0 .01
0 .13*0 .07
0 .03+0 .01

1 .  10+0.  05
0 .19+0 .08

78 .3  +0 .7
L7.3 tO.4
0 .11  : t 0 .06

78 .8  +0 .9
18 .3  +0 .3
0 .12  +0 .06

77  .1 .  +1 .1

24 .5  *0 .3
3 . 1  + 3 . 0
0.009+0.005
0 .11  +0 .02

0.04*0.003
3 .8  : t 0 .2
0 . 8  + 0 . 3
0 .14+0 .07
3 . 8  + 0 . 1
0.08+0.05
0 .03+0 .02

6 . 3  + 0 . 7
0.06+0.03

6 . 1 + 0 . 5
32.4+0.3

rNumber of point analyses 0.0001 inches apart'
'Standard d6viation foi given number of analyses' .
'b;;;;;; ;pp;;ximatel! L4/6 tetr agonal stannite. inclusions'
aContains approximately | \ls chalcopy rlte rncluslons'

indium content of sphalerite without chalcopyrite impurities is 1.25 per

cent (Table 4).
ThL relatively high standard, deviations of indium (0'5 + O'37d'

tin (8.1 t g.06 and zinc (0.06 + O.O3%) analyses in the chalcopyrite

on traverse B-1, reflect the presence of small tetragonal stannite inclusions'

These values can be contrasted with the low standard deviations of indium

(0.1g + 0.0870) and tin (0.11 + o.o2%) analyses from the inclusion free

chul.opyrit" 
'or 

prth c-1. Tetragonal stannite (2.1 +. A.2/6 In) which

tends io be free from mineral impurities, was found as inclusions in chal-

copyrite. The largest concentrations of this mineral occurred near rounded

g..irrr of inclusion-free cassiterite. The hexastannite phase in polished

Jection A forms small grains with inclusions of chalcopyrite, tetragonal

stannite and a copper s;lphide mineral which is blue-grey under reflective

light and is isotropic. It is tentatively identified as digenite rather than

TAsI-S 4. Et-Bc.IRoN MrCnopnOsO Penrrar- ANar-vsss or snr-ecTBl MOUN:| Plpesenr
Mrsenals wng ConnrcrroNs MADE Fon Irgcr-usroNs

' { l r rwe igh tpercenO

Mineral Indium Tin Zitc CoPPer

Tetragonal
Stannite

Sphalerite
Chalcopyrite
Digenite
Hexastannite
Cassiterite

2 . 1  + 0 . 2
1 .25*0 .06
0.  19: t0.08
0 .  11  +0  .06
0 .MrO.01
0.03+0.01

24.5 +0.3
0 . 0
0 .11+0 .02
0 .11+0 .06

1 7 . 8 : t 0 . 0 3
78 .5  r0 .8

6 . 3  + 0 . 7
3 . 4 L 2 . L

0.07+0.M 32.4+,0.3
0 . 8  + 0 . 3
3 . 6  + 0 . 1
0 .03+0 .02
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chalcocite (Buerger, 1941) and has an indium content of 0.11 =t 0.08
weight per cent.

There are areas both rich and poor in indium witlin the Mount pleasant
deposit (Petruk, 1964). However, because chalcopyrite from the two
stopes sampled, has similar indium and tin values, within limits of random
error, both zones could constitute an indium-rich equilibrium assemblage.
Table 4 illustrates the analyses, corrected for inclusion impurities for this
assemblage.

TnB SraNxrro PnosLnM

In addition to tetragonal stannite, two hexagonal and two isometric
forms were recognized by Ramdohr ega$. claringbull (Hey, 1962)
proposed the name "isostannite" for minerals II and IV, Ramdohr's tw.o
isometric stannites. Moh & ottemann (1962) used the term ,,hexastannite"
for the two hexagonal stannites, minerals I and III. Moh & ottemann
showed that mineral IV, which has the tetrahedrite structure (Ramdohr,
1944), contains much silver, antimony and arsenic, whereas mineral II,
for which Ramdohr did not supply x-ray d,ata., has essentialry the same
composition as the tetragonal stannite (cuz(Fe,Zn)Snsa) and is charac-
teristically devoid of antimony and arsenic.

Hexastannite is rose-brown and strongly anistropic and thus dis-
tinguishable from tetragonal stannite which is greenish brown-grey
and apparently isotropic. Initially the x-ray powder patterns (11.46 cm
camera' 20 minute exposure, iron filtered cobalt radiation) of tetragonal
stannite appeared similar to the sphalerite pattern because tlle weak
reflections, distinctive of tetragonal symmetry, were not recorded. Thus
we initially assumed that this isotropic mineral was an ,,isostannite',,
possibly Ramdohr's mineral II. As 24-hour exposures with a large powder
camera (11.46 cm) revealed the weak and very weak reflections 121, 128,
033 and 315, this was later reidentified as tre tetragonal variety (Table 5).
The unit cell parameters are a : 5.42 A, 

" 
: 10.sg A and the pattern is

similar to the pattern indexed by Berry & Thompson (1962).
some difficulty was experienced in excavating hexastannite grains free

of other mineral impurities from polished sections. x-ray powde. mounts
always consisted of mineral composites of hexastannite, tetragonal stan-
nite, cassiterite and chalcopyrite. However, a number of wurtzite-type
reflections could be resolved from the complexed x-ray patterns and these
are similar to corresponding lines in Ramdohr,s mineral I (a : 3.g4 A;
c :  12.6 A).

A compiete electron microprobe analysis of the Mount preasant
tetragonal stannite supplied by J. Rucklidge (university of roronto) is
shown in Tables 6 and 7. A comparison of the two N4ount pleasant
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Tenls 5. X-nev Powosn Drr.rrecrror Dere ron TBTRAC,oNAL sreNNrrs

CuzFeSnSn

hkl I(est.) d(meas.) d(calc.) hkl d(meas.) d(calc.)

5.373
4.876

3.  139
2 .735
2.687
2.438
2.386
2.206

w

r .922 1.917

r .M2  1 .M6
1 .625r .ozo  L .625

1 .570  1 .570

1.368 1.368
r.347 1.343

1.245

1 . 1 1 4
1 .105

1.048

T.2N4
T . 2 M
I .239
1 . 1 1 3
L .1,03
1.046
1 . M 6
1.046

Traverse B-1 B-1 c-1 c-1

MountPleq.sant. Tetragonal; a: p.4?A, | 9gl^J*u mine, Oruro,. Bolivia (B9Yr

#"iT'A!tt''"'.t[T,:{$tn;n":*ilYJf ix3l"'1?'!'utz.fl }si"o:?iu'f u"
ation: Ko : l,79O2L' 

Cuz(Fe,Zn)r.zrSnSa

vw
vw

mw

vw
vw
lrw

ms

mw

mw

w

002
011

024

r32
116 \
033 /
224

MO
008

143 )
136 |
235 )
244
228
336 I
343 |
053 J

110
tLz
OM\
020 |
o22
tzl
LL4
t23
0%\
220 |
116 \
L32 |
033
224
017
IU
008

315

136

228 \
244 J
336 )
343 |
053 J

5 .37
4 .85

mw

wr

ms

ms

w
w

wv
vw

w

vqr

mw

mw

3 .84
3  .13
2 .7 r
2.42
2.37
2.218
2.0L5
1 .914

1.637
1.620
r .572
L.494
L.45L
1 .360

1.348

r.243

1 .106

1.042

3.833
3 .133
2.720
2.7t0
2.426
2.366
2.2t8
2.015
1.920
1".916
1 .639
1 .635
1 .617
L.567
r.4s4
1.450
1 .360

1.346

T.246

1 .109
1 .107
I .OM
1 .039
1 .039

LL2
020 I
oo4 |
022
L2L
Lr4

3 . t 2
2 . 7 L
2.46
2 .38
2 .2L

mw

mw

lil

Tesr.r 6. Er,pcrnor MrcRopnogs ANar-vsss 6p lnP.Tunro Melon Inoruu Cannrens
e:r Mouwr Pr-pese'N:r (in weight per cent)

Mineral
Tetragonal

Stannite Chalcopyrite Chalcopyrite Sphalerite

Cu
Sn
Fe
Zn
s
In
Ag

Total

27 .5
26.r
1 1 . 0
5 . 1

27 .9
1 . 95+0 .21*
0 .  19

99.74

34.2
0.13+0.02{ '

29.4
0 .  16

u .2
0.05+0.04&
0 . 0

98 .14

34.2
0.  15+0.  148

31  .5
0.48

34 .6
0 .15+0 .21 {
0 . 0

101 .08

5 . 7
0.0+0.0 ' r '
o . o

56.4
32  .8
1  . 1 + 0 . 1 *
0 . 0

101 .5

ffint the average.of m-o1g than one point analyses,. The

"""o.iiliJitu"itl;i;-;i;;";1a 
itandard- deviation' "The.accuracv,gl 111JY:"", T,9:;

;X;f;fiibd?i"in"J"t.",ions lower than 1wt. p"r 
"ettt, 

and iniproving to *27o at
concentrations around 30 wt. per cent".

Analyst: John Rucklidge (University of Toronto)'



Tasr.g 7. co*rpentsolr or coiup,osrrroxs or Srawutra, HexasrAllrrrE AND Mewsowrrn
(Analyses with asterisks are from Mount pleasa"t) 
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Tetragonal Stannite

175

Hexastannite Mawsonite

6r2'k

Cu
Sn
Fe
Zn
s
In
Ag
Insol

Total

31".52 27.5
27.&3 26.L
12 .06  11 .0

5 . 1
28.59 27.9

I  .95
0 . 1 9

100.00 9s.74

31.56 26.69
26 .65 31 .80
3 .65  2 .62
7 .72 L0.32

29.76 27 .58
0.02
0.49
0 .36

99.34 99.88

48 .0  36 .5
15 .6  17 .8
1 1 . 1  1 1 . 8
4 . L  3 . 6

29.2 27 .S
0.01

M . 3
10 .4
L2 .5

3 3 . 0

98.0 97.64 too.2
L. ttragonalstannite (Cu2Fr. I etragonat stannite (Cu2FeSnSt. Oruro, Bolivia (palache et at,.. lg6l).
z. I etragonal stannite__ (Quz(Fe,Zn;,.rrSnS+). Mount pleasant, electror microprobeelectron

analysisLalysis by J. Ruckli
3. Zincian stannitr

Rucklidge, Universitv of Toronto.
stannite (Cu2.2(Zn,Fe) s.sSnSa.1). Sr.z(Zn,Fe)o.sSnsa.1). Snowflake mine, B.C. (Berry & Thompson,1962).

^ 4. Kesterite,(Cu1.es(Zn,Fe)o.nuSn1.2u5o;. Kester deposit, yakutsk A,S.S,R, (Ivanov &Pyatenko, 1959).
, 5. Hexastannite (Cun.u(Fe,Zn)2SnS7). Tingha, New South Wales (Markham &Lawrence, 1965),

",_9.^l1g:1.-9"lite.(Cus.7e(Fe,Zn)r.rsSnSs.es). 
Mount pleasant. Cu, Fe and S are qualita-

uve estlmates (see text).
7. Mawsoniie (cuTFerSnSle). Mt, Lyell, Tasmania (Markham & Lawrence, r96b).

stannites witl analyses of otler copper-tin sulphides is shown in Table 7.
Data on the hexastannite represent a partial microprobe analysis for tin,
zinc and indium, combined with a qualitative estimate for copper, iron
and sulphur, calculated from the intensities of the hexastannite micro-
probe spectral pattern relative to those of the analysed tetragonal stan-
nite. Hexastannite contains more copper and iron but less indium, tin
and zinc, than the tetragonal stannite.

DlscussroN

several Russian writers, including Ivanov et ar,. (rg6l), have postulated
an Fe2+ and In'+ diadochy as the mechanism for indium substitution in
sulphides. As the hexagonal stannite of Mount pleasant contains con-
siderably less indium than t.he tetragonal form, even though both have
similar iron content, some mechanism other tlan, or perhaps in addition
to, Ina+ substitution for Fe2+ is operative.

Bonding forces in sulphide minerals are predominantry covalent andf or
metallic and substitution is not so much governed by the electrostatic
balancing and atom size restrictions tlat apply to ionic crystals as by
limits on tJre size of the tetrahedral or octahedral bonds (Anderson, 1gb3).
consequently the substitution of indium should be facilitated in sulphide
structures which have metal to sulphur bonds of tjre same type and length
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as the In-S bonds in the indium sulphides with which the host sulphide

would be in equilibrium. Stubbs et al. (L952) described four indium

sulphides, 9-InzSa, InaSa, InrSs' and InS, which they believed to be stable

phles in the In-InzSa system. Miller & Searcy (1965) have since dis-

proved the existence of In3Sa and the composition of InrSo has been

lhanged to InoSr by Duffin & Hogg (1965). The sulphur atoms in InS

and 6-InzSs are in cubic closest packing. Indium is tetrahedrally sur-

rounded by tJrree S and one In in the InS structure, which has the Pmnn

space group (schubert et al,. L954) and is in both octahedral and tetra-

hedral co-ordination in the spinel structure (141f amd) of p-InzSs (Steig-

mann et a1,., L965). The octahedral In-S bondJengths in p-In2S3 vary

from 2.54A to Z.Og A. ].he tetrahedral In-S bond-lengths for InS and

B-InzSr are given in Table 8.

Tesln 8. TETRAHBORAL Mr:r.tr--Sur-rnun BOXO LrNCrsS rX PmNcrper- Iruuu
."*

Compound Bond length A Reference

Tetragonal stannite
(CurFeSnSn)

Sphalerite (ZnS)

Chalcopyrite
(CuFeSz)

Digenite
(Cus-"Sr)

B-InzSa

InS

Anderson (1953)
(after Brockway' 1934)

From cell edge 5.40$ A

Berry (1965)

From cell edse 5.552 X 5 A
(Morimoto & Kullerud, 1963)

Steigmann al ol. (1965)

Schubertalol. (1954)

Sn-S
Fe-S
Cu-S

Zn-S

Cu-S
Fe-S

Cu-S

In-S

In-S

2 .35
2.28
2.28
2 .40

2 .4
2.48
2 .56
2.58

2.43
2 .36
2 .31

The four principal indium carriers at Mount Pleasant, tetragonal

stannite (2.LTd, sphalerite (I.25To), chalcopyrite (O.LVT;, and digenite

(o.LL%) have structures rvit]r metal atoms tetrahedrally bonded to cubic

close packed sulphur. The similarities between tfrese minerals extend to a

common zinc blende-type structure. Although tetragonal stannite and

chalcopyrite have tetragonal symmetries, the structures may be considered

to be dlrivatives of the sphalerite lattice (Buerger, L947) as shown in

Table 9. Morimoto & Kullerud (1963) reported four different super-

structures in synthetic digenites. Three are metastable at room tempera-

ture and the fourth is stable low temperature digenite with tjre isometric

space group Fd,\rn. This is tjre "diamond" lattice which is similar to the

.ph.t"Iit" structure. The sulphur atoms are arranged in a slightly dis-

ttrted cubic close packing with 1 copper atom in an octahedral hole, 6 in

tetrahedral holes and 2 with a triangular co-ordination (Hellner, 1958).
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Tasln g. DrnrvArrvn Srnucrunrs on SpganBnrrn
(after Buerger, 1942)

space group

177

Basic structure, sphalerite

Derivative structure, chalcopyrite

Derivative structure, stannite

lZn ls

lFtP
lCurl
lnei ls
;s"il

(F43m)

(1421)

(142m)

The In-s tetrahedral bond-lengths in 0-Inzs3 and Ins are closest
to the Sn'_s bond in tetragonal stannite. This stannite contains more
indium than any of the other Mount Pleasant minerals (Table 10).
The cu.-S tetrahedral bond in digenite is longer than the metal-sulphur
bonds in sphalerite and chalcopyrite, yet indium substitutes to a greater
extent in the latter two minerals. Apparently univalent copper ions are
less favourable substitution sites for trivalent indium, than are divalent
zinc ions. octahedral and triangular cu'-S bonds in digenite could also
diminish the indium carrying capacity of digenite.

Hexastannite which has the "vr'urtzite" structure with sulphur atoms
in hexagonal closest packing is a poor indium carrier (0.04%) relative to
the tetragonal stannite (2.1%) with the "sphalerite" structure and cubic
close packed sulphur atoms. Both minerals have similar compositions
(Table 7). Fleischer (1955) also noted that indium occurs in higher con-
centrations in sphalerite than in wurtzite. The tetrahedral Zn=_s bond-
lengths in wurtzite are the same as those in sphalerite, and similarly the
tetrahedral metal-sulphur bondJengths in hexastannite and the tetragonal
stannite (from lattice parameter measurements) are also comparable.
The substitution of indium in sulphide structures, therefore, seems to be
governed more by the type of sulphur packing than by suitable bond-
lengths.

Anderson (1953) noted that although indium can occupy octahedral
as well as tetrahedral positions in 0-InzSa the ground-state configuration

TesLe 10. Colranrsox or Mourr Pr,sesANT Ixorr_,'u Con:rsNrs wrrs pREtrous
R.pconoBo Ver,uns (in weight per cent)

Mineral Mount Pleasant Recorded Maximum Reference

Tetragonal
Stannite

Sphalerite
Chalcoovrite
Cassite;ite
Galena

2 . 1  + 0 . 3
1 .25+0 .06
0 .19*0 .08
0 .03+0 .01
0.05r

Ivanov et al.. (1961)
Fleischer (1955)
lvarov et ol'. (1961)
Zabarina et al.. (1962)
Anderson (1953)

0 . 1
1 . 0
0 .  15
0.009
0.001

lSpectrographic analysis of galena concentrate.
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of tlre indium atoms is rr-uN 5s25p, and the formation of tetrahedral

In-S covalent bonds using (5s5p3) orbitals is preferred energetically as

compared with octahedral bonds which also require tjre use of 6d levels.

However, Nitsche & Merz (1962) synthesized ZnInzSa crystals in which

indium occurs in octahedral as well as tetrahedral co-ordination with

cubic packed sulphur atoms. Thus the possibility of indium substitution

in octahedrally co-ordinated sulphides cannot be completely dismissed.

Herzenbergite (SnS), alabandite (MnS), and hauerite (MnSz) have

structures with sulfur atoms in cubic closest packing, and octahedral

metal-sulphur bond-leng ths of.2.62-L68 A, 2.61 A and 2.55 A respectively

(Troshin, 1965). These values are comparable with octahedral In-S

bonds (2.5+-2.684) in B-lnrS3; therefore these three sulphides are also

potential indium carriers. Alabandite has t]1e galena (NaCl) structure,

herzenbergite the same structure as teallite (a deformed galena-type

lattice) and hauerite has the pyrite structure.
Among the sulphides identified at Mount Pleasant (Petruk, 1964) only

galena and pyrite have sulphur atoms in cubic closest packing with octa-

hedral metal-sulph,rr bonis. However, the Pb-S bondlength (2.9p A)

in galena is considerably greater, and tJle Fe-S bondlength (2.27 A) in

pyrit" is much less than the octahedral In-S bond (2.54-2.63 A) in

p-InzSg. Thus it is not surprising that indium substitution in these minerals

is limited (Table 2).
In summary then, indium substitutes most favourably in sulphide

structures which have sulphur atoms in cubic closest packing with metal-

sulphur tetrahedral and possibly octahedral bonds comparable in length

witl In-s bonds in stable indium sulphides. The valency and size of the

metal atoms replaced are of secondary importance.
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