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ABSTRACT

Potosiite, in its second rdported occurrence, was found
at the Herb Claim, Turnagain River area, Cassiar District,
British Columbia, in galena- and-sphalerite-bearing veins'
.cttting kaolinized granite. It is weakly pleochroic in
reflected light (oil immersiotr) from bluish to yellowish grey
and moderately anisotropic, without internal reflections.
Cleavage is developed parallel to (001) and (010);
VHNso : 71,7 . The composition, determined by electron-
microprobe analysis, is vepy similar to that of the type
material; Ag and In, howdver, are both present in small
amounts. They are thought to be accommodated by the
coupled substitution Ag+ + In3+ : 2Pd+. The mean com-
position yields the structural formula: [Pbas.2Ag6.5
In6.7lpa9.aSn16.3Fe7.sSb15.7Str1a.s, based on 2M atoms. The
formula based on 25 atomsi with metal:sulfur : I1.14, is:
IPb5.e1496.67Ino.og]ro.ozSFr.ssFe6.e5Sb1.e3S14.67. Cell
parameters of two incommegsurate subcells are a 5.91500),
, 5.938(13), c r7.239(17).,\, o 91.63(28), P 91.02Qs), "l
90.84(21)" for the pseudoteSragonal (kell) and, a 6.253Q),
b 3.734(8), c 17.229(19),{, o 90.80(19), P 9r.71(16), "l
90.18(14)' for the pseudohexagonal (H-cell). High-
resolution transmission elecFon-microscopy slows the sub-
cells to be comprised of layers ca. 6 and I I A rhick in the
c direction. These are thought to correspond to layers of
SnS2-like structure and a double layer of distorted PbS-
like structure. Superstructurtes in the incommensurate a and
b directions are modulated.

Keywords: potosiite, British Columbia, sulfosalt, tin, sul-
fide, electron diffractioir, modulated structure, incom-
mensurate structure, HRTEM.

Sounaann

On vient de trouver de lA potosite e Herb Claim, dans
la rdgion du fleuve Turnpgain, district de Cassiar, en
Colombie-Britannique. C'dst la deuxibme localit6 connue
pour cette espdce min6rale, ilui s'y pr6sente dans des filons
de galbne et sphal6rite 1 = 61p14"1 recoupant un granite kao-
linis6. Elle est faiblement flldochroique de bleudtre d gris
jaunitre et mod6rdment airisotrope en lumi0re r€fldchie
(avec immersion dans fhuile), sans aucune rdflexion interne.
Sa composition chimique, d6terminde i la microsonde 6lec-
tronique, est trbs proche de celle de l'€chantillon type, mal-
916 la pr6sence d'Ag et In; tous deux en petite quantit6,
qui peut s'expliquer par la double substitution
Ag* + In3* = 2Pb2+ . La Fomposition moyenne corres-

pond i la formule structurale [Pbas.2Ag9.5ln6.7]sa9.o
Sn16.3Fe7.6Sb15.7S114.s, fondde sur 204 atomes. Pour 25
atomes et un rapport (atomique) metal: soufre : I I .14, on
a IPb5.esAge.67Ine.se]p6.67Sn1.eFq.e5Sb1.e3S1a.67. Deux
mailles incommensurables sont: I'une, psegdotdtragonale
(T), a 5.915(10), D 5.938(13), c 17 .239(17) A, o 91.63(28),
P 91.02Q5), 1 90.84Q\" ; I'autre, pseudooSthohexagonale
(H), a 6.253Q), b 3.734(8), c r7.229(19) A, cu 90.80(19),
B 91.71(16), r 90.18(14)'. Ce sont des mailles sous-
multiples, et I'on montre, par microscopie dlectronique en
transmission i haute rdsolqtion, qu'elles contiennent des
couches d'environ 6 ou I I A d'dpaisseur dans la direction
de c. Ces couches correspondraient aux couches de sfiuc-
ture analogue d SnS2 et une couche double d'une structure
du type PbS aprls distorsion. Les surstnrctures dans les
directions incommensurables a et b sont modul6es.

(Traduit par la Rddaction)

Mots<lds: potosite, Colombie-Britannique, sulfosel, 6tain,
sulfure, diffraction 6lectronique, structure modul6e,
structure incommensurable, microscopie dlectronique
en transmission i haute r6solution.

INTRODUCTION

Potosiite, a tin-bearing sulfosalt, was discovered
byWolf et al, (1981) in the Andacaba deposit, Potosf
district of the Eastern Cordillera of Bolivia. The
mineral occurs in felty masses of fine, acicular crys-
tals, associated with quartz and cassiterite, as crusts
on layered sulfide ore consisting of sphalerite,
semseyite and galena. Potosiite is generally closely
associated with galena and is believed to have formed
as a result of reactions between galena and Sn-Sb-
bearing solutions. The deposits of the area are clas-
sical, xenothermal-type veins associated with subvol-
canic granitic intrusive bodies (Turneaure 1960);
however, the economic geology of the area is com-
plex. The most recent descriptions are those of Wolf
(1975a, b), who originally identified potosiite as
franckeite; references to many early studies are
provided by Turneaure and Wolf.

We found potosiite in ore samples weighing a few
hundred grams. The samples (Geological Survey of
Canada no. MF-V84-1) were collected by Dr. R.
Mulligan from the Herb claim, Turnagain Nver
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area, Cassiar District (Liard Mining Division)' British
Columbia. The claim is located at 58"41 'N,

l28o l0'W, about 8 km northwest of the confluence
of the Turnagain and Cassiar rivers. The claim is
described as containing galena- and sphalerite-
bearing veins in highly kaolinized granite (B.C. Dep.
Mines & Petroleum Res. 1970). The veins occur in
association with rhyolite and rhyolite porphyry sills
and dykes that intrude a granitic stock, an otl$hoot
of the Cassiar intrusive complex (R.G. MacArthur,
pers. comm. 1983).

Potosiite in the Herb claim occurs as polycrystal-
line aggregates up to a few millimetres in diameter
in massive galena. Within the same hand specimen,
in order of decreasing abundance, are quartz, a new
mineral species of stanniteJike composition, pyrite,
sphalerite and arsenopyrite. None ofthese, however,
is in contact with potosiite.

Pgvslcel eNo OPrlceL PRoPERTIES

In polished section, potosiite was seen to have a
columnar habit with traces of a perfect cleavage
parallel to (001). A cleavage parallel to (010) is less
perfectly developed. Microhardness, as measured on
aLeitz Durimet Hardness Tester, is VHN'6 71.7
(mean of three rotated indentations).

In reflected light under oil immersion, potosiite
is faintly pleochroic from bluish grey to yellowish
grey, without internal reflection. The mineral is
moderately anisotropic, with interference colors of
bluish grey to greyish pale yellow. Reflectivity data
for potosiite were given by Wolf et al. (1981),

CHslvltcet- Dere

Results of microprobe analyses of potosiite are
given in Table l. Analytical conditions are given in
Appendix 1. Our results are very similar to those of
Wolf el al. (1981); howevern atomic proportions of

TABLE'1. cHEltclf DATA FoR P0ToSIITE

the major components in our analyses show very little
variation, and totals are much closer to 100.90.
Potosiite from the Herb claim also shows significant
but minor amounts of In, not reported in the type
material. Summation of In and Ag and addition to
atomic proportions of Pb yield the most constant
atomic proportions of metals. As this procedure also
maintains charge balance in the structure, the
coupled substitution Ag+ + In:* :2Pb2* seems to
be important.

Based on the size of the unit cell they determined,
Wolf el al. (1981) proposed the structural formula
Pb*Sn1sFerSb16S1q5, €lssunirlg divalent Pb and Fe,
trivalent Sb and tetravalent Sn. In order to better
fit their analytical data, they suggested the alternate
formula Pb48Sn2+ 4Sn4* 1aFe7Sb16S1 1 1, implying that
Sn occurs in two types of co-ordination. In a study
that is in progress on the structural relationships
among the minerals cylindrite, incaite, franckeite and
potosiite, we suggest that some metals occur in more
than one type of co-ordination; however, our dis-
cussion will be based on considerations of structure
and bonding rather than valence.

In a later portion of this paper we further demon-
strate that the supercells of potosiite are of variable
size, i.e.,' the structure is modulated. Therefore,
whereas the large cell of Wolf et ql. (1981) is prob-
ably correct for the particular area of the grain that
they subjected to electron diffraction, the formula
they derived is not a general one for the mineral. If
we derive a formula based on 2M atoms from our
mean composition as in the frst one of Wolf e/ a/.,
we obtain: [Pbas.2Agb.5Ine.t]pae.aSn16.3Fg.sSb15.7S1 14.s,
very similar to theirs. However, we will propose in
a future article (Kissin & Owens, in prep.) that a more
general structural formula is based on 25 atoms with
a metal:sulfur ratio of I I :14. Recasting our formula
on 25 atoms we obtain: [Pb5.e1Ags.0zlno.og]ro.ot
Snl.eeFes.e5Sbr.s:Sra.or as compared to: [Pbu.o6
Agoo+lro.oaSnz.26Fe6.eaSb1.e5Srr.q for the mean based
on ihe data of Wolf et al. (1981\. Both formulae
closely approach stoichiometric proportions based
on 25 atoms and yield metalsulfur ratios of ll:14.
We believe the slight discrepancy to be due to ana-
lytical differences.

C RYSTALLOGRAPHY

Wolf et al. (1981) demonstrated that the structure
of potosiite is comprised of two incommensurate
subcells, one pseudotetragonal (I cell) and one pseu-
dohexagonal (H cell), but both metrically triclinic.
The subcells coincide only in the c direction, hence
must be indexed separately. Makovicky & Hyde
(1979) defined incommensurate structures as consist-
ing of two atomic subarrays with differing periodi-
cities. Potosiiteis a layered misftt structure, in which
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each alternating layer has its own lattice and in which
corresponding intralayer periodicities do not
coincide.

In Table 2, X-ray diffraction data from the present
study are compared with those of W olf et al. (t 98 I ).
Our data were obtained on a 57.3-mm^Debye-
Scherrer camera using CoKcv (\ : 1.79021A) radia-
tion. Intensities were estimated visually, and cell
parameters were refined using a least-squares pro-
gram written by E.J. Gabe (pers. comm. 1983). Wolf
et al, (1981) did not specify the conditions under
which they obtained their data; however, the two pat-
terns are very similar. Wolf et al, did not give calcu-
lated d-values, and we have supplied them in Table
2. Some of their indices (e.g., 0.0.13) do not seem
to be correct. Reflections from the supercell are very
weak and can be seen only in electron-diffraction
photographs.

Cell parameters of the subcells were determined
by Wolf el al. (1981) by measurements on electron-
diffraction films. Our refinements (Table 2) yielded
similar par€ureters, although cu, 0 and -y of both the
T and H cells are different in that o and 7 * 90'
and 0 is smaller. The values determined by our
method aren in any event, average values of a large
number of discrete cells.

ELECTRoN MICRoScoPY

Potosiite was studied in high-resolution
transmission-electron microscopy (HRTEM) usine
a JEOL 200CS electron microscope operated at 200
kV. Specimens were crushed, dispersed in acetone
and deposited on a holey carbon grid. The cleavage
of potosiite was an advantage in that grains oriented
parallel to (001) and (010) were readily obtained.

The interpretation of the images is based on prin-
ciples established by Cowley & Iijima (1972,1976).
In simplest terms, rows of atoms aligned parallel to
the electron beam appear as dark areas, whereas
spaces appear light. Although quantitative calcula-
tions of images are possible, they are difficult to carry
out for complex structures. Using knowledge of
related structures, however, it is possible to relate
the features of the image to features of the related
structures,

In a partial refinement of the structure of cylin-
drite, Makovicky (1974a, b) showed that the similar
incommensurate H- and T-cells in this mineral were
constructed of Sns2ilike structures and distorted
PbS-like structures, respectively. In cylindritp,
however, the thickness of these two layers is I1.7 A.
Makovicky was unable to determine by X-ray crys-

TABLE 2. X-RAY POWDER-DIFFMCTION DATA FOR POTOSIITE
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tallography the nature of the 17.3 A hyer seen in
incaite, which has subcell dimensions identical to
those of potosiite.

Our HRTEM image of (010) in potosiite (Fie. l)
shows that the l7^.3 A layer is composed of a unit
qpproximately 6 A thick and one approximately I I
A thick. We propose in greater detail glsewhere (Kis-
sin & Owens, in prep.) that the ll A unit is com-
posed of two distorted PbS-like cells.

Makovicky (196) showed that cylindrite possesse$
a modulated structure. Supercells formed in incom-
mensurate a and b subcell directions yield true cells
of variable sizes. Figure 2 demonstrates that similar
modulations also occur in potosiite. Potosiite thus
possesses an incommensurate, modulated structure.

CoNct usroNs

Our studies on potosiite from the second known
occurrence have produced the following results: l)
the proportions of major componexts in potosiite

are essentia[y constant; however, minor amounts of
Ag and In are apparently accommod-a1gd lvllt'
coirpled substitution Ag* + 1ar* :2Pb2* - 2) T.he
incommensurate subcelli of potosiite are a pseudo-

hexagonal H-cell and a pseudotetragonal T-cell. The
former is an SnS2Jike structure' whereas the latter
is a doubled, distorted PbS-like structure that yields
a 17.3 A c dimension. 3) The size of supercells is vari-
able in potosiite, and it possesses a modulated struc-
ture. The composition of the mineral determined at
a large scale is therefore a function of the statistical
distribution of the subcell structures.

Frc. l. HRTEM image pf (010) of potosiite, iuustrating tfie stnrcture of l7-A repeats perpendrcoular to c. The l7-A unit
is composed of a e-A-ttrict layer interpreted as the H-cell of SnS2-like structure and an I l-A-thick layer interpreted
as the ihickness of two PbS-like structural units. The vertical line left of centre marks a discontinuity in the a direc-
tion and is therefore a boundary between two supercells. In the upper right is the electron-diffraction pattern of
the area, showing considerable5treaking indicative of disorder. Upper left is a laser optical-diffraction pattern from
an area of the image ca, 360 A in diameter, revealing a much higher degree of order.
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APPENDIX 1. ELEcTRoN-MTcnopnosn ANALYSES

Electron-microprobe analyses were carried out on a MAC
Model zl00 Electronprobe Microanalyzer using wavelength
dispersion. The instrument was operated at an accelerat-
ing voltage of 20 kV with specimen crurents of 0.028-0.030
pA. Counting periods were l0 s, and 10 counts were taken
in each analysis, Data were reduced by ERPMAG, the
CANMET modification of EMPADR VII (Rucklidge &
Gasparrini 1969). A large number of standards were used
for the analyses (Table A1) in order to insure that calcu-
lated concentrations were not influenced by the particular
standard employed. Aparr from a sympathetic variation
of Pb and Sn, the results show good consistency. *Indium not determined in thqse analyses.
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