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ABsrRAcr

Native elements, alloys, sulfides and sulfosalts
occur within tle latest zones of the Tanco pegma-
tite. The spodumene-(petalite-) rich zones (4) and
(5) contain diffuse patches of antimonian bismuth,
bismuthian antimony, bismuthian stibarsen, arsenic,
galena, sphalerite, chalcopyrite, tetrahedrite and
dyscrasite; scattered grains of sphalerite and molyb-
denite occur separately. The tantalum ore bodies
produced by albitization (3) of the central inter-
mediate zone (6) contain arsenopyrite, pyrrhotite
and chalcopyrite in the biotite * tourmaline-rich
contacts of amphibolite xenoliths, sphalerite as
isolated grains, and Tl-enriched botyoidal pyrite +
marcasite in open vugs. Cavity- and fissure-filling
assemblages in this zone (6) consist of early pyr-
rhotite, cubanite, sphalerite, hawleyite, chalcopyrite,
bismuth and later stannite, kesterite, and dernfite
closely associated with cassiterite. All these minerals
were subsequently replaced and/or cemented by
galena, gustavite, gladite-pekoite, cosalite, tetra-
hedrite, freibergite, bournonite, pyrargyrite, miar-
gyrite and bismuthian antimony. In both parent
zones, late minerals of the complex assemblages
occur in extremely fine-grained aggregates. Some
of these resulted from quench-induced mass pre-
cipitation, and others suggest quench-arrested in-
complete replacement reactions. Rapid crystalliza-
tion and quenching of non-equilibrium associations
are responsible for the variety and broad extent of
substitutions observed in most species, and for the
generation and preservation of metastable phases.
Crystallization of the complex sulfide assemblages
probably proceeded at about 200-150'C, \pith
l(Sr) as low as 10-20 to 10-2s atm.

Sor"tiunnn

On trouve les 6l6ments natifs, alliages, sulfures
et sulfosels dans les zones les plus tardives de la
pesmatite Tanco. Les zones (4) et (5), riches en
spodumdne (p6talite), contiennent des amas diffus
de bismuth antimonique, antimoine et stibarsdne
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bismuthiques, arsenic, galdne, sphal6rite, chalcopy-
rite, t6tra6drite et dyscrasite, e! s6par6ment, des
grains 6parpill6s de sphal6rite et de molybd6nite.
Les gites de tantale qui r6sultent de I'albitisation
(3) de la zone centrale interm6diaire (6) contiennent
I'assemblage ars6nopyrite-pyrrhotine--chalcopyrite
dans les contacts riches en biotite et tourmaline
autour de x6nolithes d'amphibolite; de la sphal6rite
en grains isol6s, et de la pyrite botryoide riche en
Tl avec marcasite dans les cavit6s non-remplies.
Dans cette zone (6), les assemblages qui remplissent
les cavit6s et les fissures consistent en min6raux
pr€coces (pyrrhotine, cubanite, sphal6rite, hawleyite,
chalcopyrite, bismuth) et en min6raux plus tardifs
(stannite, kesterite et iernfite) 6troitement associ6s
i la cassit6rite. Tous ces min6raux ont 6t6 rem-
plac6s ou ciment6s par les espdces suivantes: galdnen
gustavite, eladite-p6koitg cosalite, t6tra6drite, frei-
bergite, bournonite, pyrargyrite, miargyrite et anti-
moine bismuthique. Dans les deux zones mdres, les
min6raux tardifs des assemblages complexes se trou-
vent €n agr6gats d grain extr6mement fin. Certains
de ceux-ci r6sultent d'une pr6cipitation massive
provoqu6e par uno trempe; d'autres font supposer
des r6actions de remplacement interrompues par la
trempe. La cristallisation rapide et la trempe d'as-
sociations en d6s6quilibre sont b I'origine de la
vari6t6 et 1'6tendue des substitutions observ6es dans
la majorit6 des espdces, ainsi que de la formation
et de la pr6servation de phases m6tastables. La cris-
tallisation des assemblages complexes de sulfures
a probablement eu lieu entre 200 et 150'C, i basse
fugacit6 de soufre (10-'0 e 10-2 atm).

Clraduit par la R6daction)

INtnooucrloN

Although the frequency uod ubundance of
sulfide minerals in granitic pegmatites is quan-
titatively insignificant, sulfide assemblages de-
serve attention because they form an inherent
part of the geochemistry of pegmatites and aid
in their petrogenetic classification. Bulk com-
positions of some sulfide assemblages tend to
be exotic, produced by crystallization in complex
pegmatitic systems; they deviate considerably
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from those of more ordinary hydrothermal sul-
fide parageneses. Consequently, minerals with
a complex crystal chemistry may have an un-
usual range of compositions, leading, in extreme
cases, to unique mineral species that do not
occur in other geological environments.

Particularly remarkable in this latter aspect
is the Tanco pegmatite at Bernis Lake, south-
eastern Manitoba. This giant deposit of Li,Rb,
Cs,Ta,Be and of several industrial minerals
belongs to the most complex pegmatites in the
world (R. A. Crouse et al,, in prep.). The ratios
K/Rb, Rb/Cs, Nb,/Ta, Fe,/Mn and ZrlHf in
constituent minerals mark this pegmatite as a
product of extremely advanced geochemical
fractionation. Investigations of sulfide minerals
from this deposit have already led to the charac-
terization of gustavite (Harris & Chen 1975)
and to the understanding of the aikinite-bis-
muthinite series (Harris & Chen 1976); the pee-
matite has also yielded a new mineral species
(bernfite: Kissin er al. 1978, Szymairski 1978).
Native elements, alloys, sulfides and sulfosalts
identified to date (Table 1) exceed the number
of silicate phases constituting the bulk of the
pegmatite. Mineralogy and paragenetic relations
of this sulfide assemblage are the subject of the
present paper.

SetvrprrNc aNp Expsnrl\4eNter, MErHops

Owing to the scarcity of sulfides in the Tanco
pegmatite, all specimens found since 1969 were
saved and subjected to routine optical examina-
tion. Sixty-eight samples were selected for de-
tailed studv and several dozen others were brief-
ly examined to improve the statistical basis of
certain observations.

Because of the fine grain-size of most aggre-
gates and the optieal similarity of most sulfo-

salts encountered, the MAC 400 electron micro-
probe was the main tool of investigation. Pure
metals and synthetic compounds were used as
standards throughout the study, and the micro-
probe data were corrected by using the
EMPADR VII computer program of Rucklidge
& Gasparrini (1969). An X-ray powder dif-
fractometer was used initially for mineral
identification in complex mixtures and for se-
lected cell-dimension refinements. Most refine-
ments, however, were based on Debye-Scherrer,
Gandolfi and precession films.

OccunneNces IN THE Prcuerrrr,

The Tanco pegmatite is a subhorizontal lenti-
cular body with complex internal structure, con-
sisting of 9 primary zones and replacement
units. Detailed description and illustration of
the zoning pattern are given by Crouse &
eerng Q97D, eernf & Simpson (1978) and
Crouse et al. (in prep.). The sulfides and related
minerals are restricted to the central zones of
the Tanco deposit. Most of the specimens were
obtained from the central intermediate zone (6)
that has been penetrated by a saccharoidal al-
bite unit (3); sulfides are much less common in
the lower and upper intermediate zones, num-
bered (4) and (5), respectively.

The central intermediate zone (6) consists
mainly of coarse grey microcline perthite and
quartz, with minor primary albite. The zone
is veined and replaced by albite and fine-
grained greenish muscovite of the metasomatic
unit (3). These minerals appear in various tex-
tural patterns, and they have abundant Ta, Sn,
Zr-Hf and Be mineralization. Zones (4) and
(5), which more or less envelop the central
intermediate zone (6), consist mainly of giant-
sized petalite (mostly converted to spodumene

TABLE I. SULFIDE MINEML ASSE!tsLAGE5 IN IIE TANCO PTGMTITE

Hode of occurrence Assqblage #
jn zones (4) and (5)

Assemblage #
]n 20nes

Contacts rith
anphlbol l te xenol i ths

(6,3A) a6enopyri  te
pyrrhoti te
cha l  @Dvr i  te

DispeEEd isolat€d
gralnS

(4,5A) sphale| i te
(4,58) nolybdenite

( 6 , 3 8 )  s p h a l e r i t e

Cavity- and f issure- (4,5C)
fil l ing aggregates

bisruth'ian antlmny
ant imnian bismuth
bismuthJan st ibaEen
a6en ic
galena
spha le. j  te
chalcopyri te
tetrahedrl te
dyscrasi te

(6,3C) bisnuth
bismuthian ant imony
pyrrhot l te
spha ledte
harleyi te
pyrrte
afsenopyrl !e
cubani te
chal copyri te
galena

stannrte
kesteri te
lemYl te
cosal I  te
gustavl  te
gladi te-pekoi te
tetrahedf i te
f€i berg j te
boum0nl te
pyrargyrl !e

l ' { iarcl i t ic cavl t les (6,3D) py. i te
narcasite

t ! e
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+ quartz), quartz, amblygonite-montebrasite,
and microcline perthite. Zone (4) occurs mainly
in the lower part of the pegmatite and is en-
riched in cleavelandite and micas whereas zone
(5) occupies the hanging-wall side; the size of
its mineral constituents is much larger, and its
albite and mica contents are rather low'

Seven sulfide assemblages have been recog-
nized in the above zones (Table l). Individual
mineral assemblages are designated by letters
without genetic meaning, designed to simplify
references in the text below.

Assemblases in zones (4) and (5)

Sphalerite occurs as disseminated grains and
aggregates mainly on and within spodumene *
quartz pseudomorphs after petalite. Individual
crystals containing twin lamellae reach 3 cm
in maximum dimension, and medium-grained
clusters measure as much as 8 cm across. No
other minerals are associated with this type of
sphalerite, designated (4,54).

Most of the molybdenite is also isolated from
other sulfides. Single flakes or small pods,
designated (4,58), are found mostly in quartz'
and occasionally in the spodumene-quartz in-
tergrowths.

Assemblage (4,5C) consists of native antimony,
bismuth, arsenic, stibarsen, dyscrasite, galena,
chalcopvrite, sphalerite and tetrahedrite. This
mixture forms dendritic patches in spodumene
+ quartz pseudomorphs, surrounds the spodu-
mene fibres and has apparently corroded
qllartz. Rare, more massive sulfide blebs fill
fissures in quartz.

Assemblages in zone (6) associated with
albitization (3)

Assemblage (6,3A), arsenopyrite * pyrrhotite
* chalcopyrite, typically occurs in reaction rims
that separate the pegmatite from xenoliths of
amphibolite wallrock. The most abundant reac'
tion products are tourmaline adjacent to am-
phibolite. and biotite adjacent to the pegmatite
side of the contact. Holmquistite occasionally is
present inside the amphibolite inclusions, and
triphylite or beryl may occur on the pegmatite
side of the biotite band. Arsenopyrite is largely
confined to the tourmaline zone but some grains
also occur inside the pegmatite. Pyrrhotite and
chalcopyrite are located along the biotite-peg-
matite boundary, commonly associated with
triphylite.

Sphalerite designated (6,38) occurs as isolated
irregular grains disseminated in quartz, micro-
cline perthite and muscovite.

The most complex assemblage (6,3C) is found

as cavity- and fissure-fillings in the silicate
matrix. A total of 21 mineral species were
identified (Table 1). Except for gladite-pekoite
intergrowths in columnar 'ocrystals" up to 4 cm
long, and occasional 5 to 8 mm patches of
tetrahedrite, the sulfides Epically have an aver-
age grain size of about 10 g,m. Pyrrhotite, bis-
muth, chalcopyrite, gladite-pekoite and tetra-
hedrite are the most common and abundant
constituents of the aggregates; traces of pyrite
have been found onlY once.

Botryoidal pyrite + marcasite (assemblage
6,3D) occur mostly in open cavities lined with
quartz and microcline crystalso associated with
cookeite, apatite and calcite.

MrNsRAr- DEscRIPTroNs

Native elements and alloYs

Native bismuth, antimony, arsenic, stibarsen
and dyscrasite occur in the Tanco pegmatite.
Assemblage (4,5C) consists of all five minerals,
but only bismuth and bismuthian antimony
were identified from (6,3C).

Bismuth in assemblage (4,5C) occurs either
as fine-grained emulsion-like intergrowths with
galena or as irregular granular aggregates with
antimony, arsenic and stibarsen (Fig. 1). Con-
centric overgrowths displaying different crys-
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TABLE 2. ELECTRON MICROPROBE ANAIYSES OF NATIVE ELEMENTS AND ALTOYS

Arsenic St ibarsen Ant imonv
(4 ,5C)

s-50- l  s-50-2 s-50-3
{4 ' 5c )

s -5 t - l  s -50 - t  s -50 - t I *  s -51 -2 *

(6 '3c)  
r  J6 '3c)

s-?7 s-2-1 S-2-2 S-50

Dvscras i te
Assemb l age

Anal . #

As
J O

B i
Ag

gg .4  40 .3  | . 5  -  * *  -  - l *  . 3
] . 4  5 7 , 4  U . 7  2 . 6  1 1 . 1  t 3 . 8  2 . 0  -  1 . 5  I . 9  2 3 . 7
1 .2  * * *  4 .5  13 .4  97 .7  89 .8  86 .2  98 .0  100 .1  98 .4  98 .1  . 8
n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  n . d .  7 7 . 0

102 .0  102 .2  99 .6  100 .3  100 .9  100 .0  100 .0  100 .1  99 .9  100 .0  
' 101 .8

S-50- ' l  As.gBTSb.OOgBi.OO+

5-50-2 5b.45gAs .'ZZBi .020
S-50-3 Sb.B9ZBi.OAZA..OaO

s-sf- l  Bl ^.-sb ̂ .^ s-?7
. v 2 t  . v 4 5

s -50 - l  B i  a rqsb  r76  s -2 - l*
s-50-II  Bi ,o"Sb ,r" s-2-2
s-51-2  B i  ̂ . -sb  ̂ ^^  s -50

. Y O I  .  U J J

a t- ' t . 0 0

B I . 97ssb .oz5
Bi.9ogsb.og2
Asr.  ooo(sb.  atd ' .0r78i .0r  7)  r .ss:

tallization sequences seem to be characteristic;
exsolution phenomena, a feature typical of other
pegmatitic occurrences of stibarsen (Quensel
et al, L937, Wretblad 1941, eerng & Harris
1973) have not been observed. The bismuth is
rich in Sb (Table 2); antimony is Bi-bearing,
with some As, and in this respect very similar
to bismuthian antimony from the Viitaniemi
pegmatite (Volborth 1960). In contrast, arsenic
is rather pure, and the Bi content of stibarsen
is negligible. Ifowever, stibarsen (ideally, SbAs)
deviates significantly from this composition
(c1., Cernf & Harris 1973, Table 2).

Dyscrasite occurs closely associated with the
above four minerals (Fig. 1). Microprobe analy-
sis (Table 2) gives a formula extremely close to
Ag'Sbr. In relation to the dyscrasite stability
field as defined by Somanchi (1966) and Keighin
& Honea (1969) and modified by Petruk ar a/.
(L97la), this composition falls just inside the
Ag-rich boundary, and somewhat farther into
the field when the Sb content is combined with
Bi and As.

In assemblage (6,3C), bismuth occurs in-
timately intergrown with pyrrhotite, sphalerite
and chalcopyrite. In places, bismuth and chal-
copyrite seem to have formed later than the
other two minerals. Bismuth in small patches
associated with late sulfosalts contains variable
Sb, approaching bismuthian antimony; other-
wise, the Sb content of bismuth is low.

Analysts: bismuth - G. Laflannne, others - D.C. Harrisi Bi  ca]culated to 100.0%i not  detectedr not  detemineq.

($ and (6); it is usually not accompanied by
other sulfides; in a single specimen from the
assemblage (6,38) it occurs with minor pyrite
and galena. A pale sulfur-yellow color is charac-
teristic of sphalerite (4,5A), and yellow to me-
dium brown is typical of (6,3B). In zone (5),
sphalerite commonly occurs in small pods of
rhodochrosite, lithiophilite, quartz and Ta-oxide
minerals.

In contrast to its abundance in disseminated
form, sphalerite is subordinate in the most di-
versified assemblage, (6,3C). Here it occurs as
microscopic anhedral grains associated with
native bismuth, pyrrhotite and chalcopyrite.

The different paragenetic types of sphalerites
are indicated by their compositions Clable 3).
Sphalerite (6,3C) is exceptionally rich in Cd and
distinctly enriched in Fe, whereas sphalerites
(4,5A) and (6,3B) have lower Cd and Fe con-
tents. Unit-cell dimensions; determined only for
the coarse-grained varieties of sphalerite, are in
good agreement with those calculated from
Skinner's (1961) equations.

Pyrite and marcasite are virtually restricted
to assemblage (6,3D); they form fine-grained
botryoidal crusts on quartz, cookeite, apatite
and calcite in open vugs of the central inter-
mediate zone. Pyrite is the more abundant and
comrnon of the two. The only other occurrence
of pvrite, besides that quoted in the description
of sphalerite, is known from a single sulfide
aggregate in assemblage (6,3C).

Sulfides Electron microprobe analysis of pyrite and
marcasite (6,3D) did not reveal any elements

The most common sulfide minerals are other than Fe and'S, and unit-cell dimensions
sphalerite. pyrite, marcasite, pyrrhotite. arseno- determined for five samples of pyrite from dif-
pYrite, molybdenite, chalcopyrite and galena, ferent cavities fall within the range quoted for
with minor cubanite and hawleyite. pure cubic FeSz. Mr. C. Dallaire (Laboratoire

Sphalerite, the most widespread sulfide species de G6ochimie Analytique, Ecole Polytechnique,
at Tanco, is fairly abundant as randomly dis- Montr6al) detected considerable Tl in three
persed grains and small clusters in zones (4), specimens of pyrite: '/-,21, 

r92, and 820 ppm.
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TABLE 3. ELECTR0N MICR0PR0BE ANALYSES 0F SPHATERITE AliD HAI'ILEYITE

629

Harl evi te
( 6,3c)

s-21 s-22 S-2-3 S-3
Asserblage (6,3C)

Ana l .#  A-16A S-3- l  5 -3-2

( 6 , 3 8  )

s-58 5-66

(  4 ,5A)

s-25 ) - J U

ln
Mn
Fe
f A

Zn
5

6 . 8

52,5
3 l  . 7

n .  d .
n .  d .

5 . 4
l l  o

46 .  J

3 1 .

n .  o .
n .  d .

t 7  . 6

30.9

n.  d .

' 1 . 6
'I 

.4
64.6
32.3

n .  c .
. 0 3
. 8

1 . 4
64.4
1 ? n

1 7

.03

.02

.20
1 . 6

66 .0
32.4

.03

1 . 8
o a .  a

32.9

n.d.  n.d.
n .d .  n .d .
-  1 . 7

70.4 70.5
6 .4  6 .2

n.  d.
n .  d .

71.5
5 .3

22.8
99.6 9 8 . 9  1 0 1 . 0

n .  d .
n .d .

72 .4
4 . 4

22.O

98.897 ,1 97,8 9 9 . 6 3 99 .9 100 .40 I  00.25 100 .26

a (fl) meas.***
a  ( [ )  c a l c .

5 .4 r54 (7 )
5 .4155

5.41  55(  6 )
5 . 4 t 5 f ,

s.41 57( 8)
5.4159

5.41  54(  6 )
5 . 4 1  5 3

5.4162(7)  5 .4166(5)
5 .4165 5 .4165

s- l6A
) - J -  |

J - J - Z

s-58
J - O O

s-24
s-25

(zn .,"Fe(Zn.araF . l23cd.ooz) r.  ggosr.ooo
( ln  , ^ "Fe noocd 16q)  ,  oqnSr .nnn(Zn.zszF .09gcd.tog) r.  gsast.ooo
(zn  oonFe rna0d t6 r )  ,  qnnSr -nnn(Zn .6gaF, to4cd. toz)  r .  goos t .ooo
(Zn  oorFe n ta0d n t r )  ,  oerSr -nnn(Zn.9s7F .or4cd.ote) r.  ga:sr.ooo
(Zn  oarF€ ne jCd n12)  r r .n2rSr -nn
(Zn.  g7zcd.  0tsF".  o0:)  r .  ggost .o0o
(zn.qqqcd.0r4Fe.oo:)  r t .otost .ooo

Analysts:  Sphaler i tes s-24'25'30 -  D.R. 0wens;  others -  D'c '  Harr is
*not 

detected, 
*rnot 

deter.nined, 
t*uslng 

Skinner's (1961) equation

S-30 (Zn.g7ZCd.0t6F..OOS|l |n.OOt)  r .994Sl.OO0
5-44 (Zn.gz4cd.0tsF".0t th.ooz) r1.002s1.000
5-2-1 (Cd.S94Zn.t tq)  :  t .OggSt.0OO
s-2-z (cd,939zn.oss) r  r .otzst .ooo
S-2-3 (Cd.nO9Zn.t4Z) :  t .O+tSt.O0O
S-3 (Cd.gggZn.t :AF".qqg)r  t .OOZsl .0OO

Monoclinic pyrrhotite occurs as scattered
grains within and close to the biotite seams of

assemblage (6,3A), and as one of the earliest
phases in the fine-erained sulfide pods (6,3C)'

Monoclinic pYrrhotite has never been found
associated with hexagonal pyrrhotite or pyrite'

This indicates that it originated by direct crys-
tallization rather than by reequilibration of pre-

existing Fe-sulfide minerals. Electron microprobe
analyses of pyrrhotite from sample 5-11'4 gave

60.9 wt. Vo Fe and 39.7 wt. % S (total =

100.6) yielding the formula Fer.o"S,.oo' This
stoichiometry is very close to the 'oideal" com-
position of monoclinic pyrrhotite (Kissin 1974;
Craig & Scott 1974).

Aisenopyrite forms typical prismatic srystals
in its two assemblages. In (6,3A), subhedral
crystals usually less than 2 mm long are dis-
persed in brownish-black tourmaline or, rarely,
tiotit". In albite and quartz adjacent to the
reaction rims of this assemblage' arsenopyrlte
individuals reach 2 cm in length. In (6,3C)'

arsenopyrite was found only in a single speci-
men. It is euhedral, somewhat fractured and
cemented bv later sulfides and native bismuth'

Four analvses quoted in Table 4 represent
samples from the tourmaline reaction bands
(A,B), from albite-rich pegmatite near these
bands (S-10), and from the (6, 3C) assemblage
(S-3). All four analyses suggest slight excess
of Fe, but within the standard error calculated
for the highly accurate analyses of Kretschmar
& Scott 0976). More significantly, all specimens
are distinctly As-rich and deficient in S. The
arsenic contents, 34.5-35.3 at. Vo as determined
by microprobe analyses, are somewhat higher

than those inferred by the X-ray method of
frJschmar & Scott (1976),34.1-35'0 at' %'

This difference may be due to the choice of

microprobe standards or inhomogeneity of the

crystals.
Molybtlenite occurs as scattered isolated flakes

in the assemblage (4,58). Patches of native ele-

ments, chalcopyrite and sulfosalts containing
euhedral flakes of molybdenite are exceptional'
X-ray powder diffraction data of 19 molyb-

denite samples gave only the 2Ifr polytype' Al-
though the possible compositional and genettc

clifferences between tbLe 2Hr and 3R polytypes

are still not unequivocal, the exclusive occur-
rence of ZHt in the Tanco pegmatite fits the
previously defined patterns: generally late, low-

TABLE 4. ELECTRON MICROPROBE AMLY5ES OF ARSENOPYRITE

Assembl age

Anal . #

(6 '34) (6 '3c)

s- l  0 s-3

Fe
Co
As
sb
5

34,2  34 .3  34 .6*  34 .4
. 2  . 1  n , d '  n . d .

48 .5  47 .8  47 .4  49 .0
. 0 5  . 0 4  n . d .  n . d .

. 1 8 . 0  1 8 . 8  1 8 . 7  1 8 . 0

u (t)
b (X)
E (x)

v (R3)

100 .95  101 .04  100 .7  l 0 l  ' 4

;,rirl ,ji:rini ,l'iiiiii ;'rii
A (Fe . , . oo rCo .oos ) ,  t . o t z (A t ' l . ooss . sz4Sb .oo t ) ,  t . ggo
B  (Fe t . oo2co .oog ) ,  t . oos (A . t . 0a t5 .gsosb .oo t ) r  t . gge
s - l o  Fe t . 013 (As t . o l qs .9sg ) ,  t . gag
s -3  F . t . oog (A t t . oz r s .9 t9 )  r  1 . 990

Analysts:  A,B -  D.R. owens'  S-10'3 -  D'c '  Harr is ;
*not deteYinined.
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temperature origin of the S-deficient, Re-en-
riched 3R polytype in copper-rich environments,
and relatively high-temperature crystallization
of metal-deficient. Re-poor ZHt polylype in peg-
matites, greisens and other Cu-poor parageneses
(Khurshudvan 1967, Boyle 1969, Clark 1970,
1971; Frondel & Wickman 1970, Znamenskiy
et al. 197O, Angelelli et al. L971, Ayres 1974).
Other factors sush as rate of crystallization may
also affect polytypism (Yang et al. L975).

Chalcopyrite occurs predominantly in the
assemblage (6,3A), although small amounts are
dispersed in the biotite seams as single grains
or with pyrrhotite. In (6,3C) chalcopyrite has
two modes of occurrence. The first is with the
earlier pynhotite, sphalerite, bismuth and stan-
nite-group minerals, in the marginal parts of
the sulfide aggregates; the second occurrence,
with later sulfosalts, forms linings of gangue-
filled microscopic vugs. Two microprobe
analyses yielded forrnulas identical with the
formula of chalcopyrite, within the limits of
analytical error.

Galena occurs in two assemblages. In (4,5C),
it hosts verv fine-grained emulsionlike aggre-
gates of bismuth (Fig. 1). In (6,3C), galena ac-
companies chalcopyrite and native bismuth
associated with early pyrrhotite, and also is
common as relict intergrowths with the late
snlfosalts. Microprobe analyses of galena re-
vealed only Pb and S.

Cubanite forms anhedral inclusions in pyr-
rhotite, and is also associated with cosalite. A
microprobe analysis indicates the ideal formula

for this species. Only a single X-ray powder
pattern of sulfide mixtures permitted unequivocal
identification of the Tanco cubanite as the low-
temperature orthorhombic polymorph.

Hawleyite occurs as minute grains associated
with native bismuth, pyrrhotite and chalcopyrite
in assemblage (6,3C). Although hawleyite was
never found in contact or closely associated
with sphalerite, both occur in the same sulfide
nodules. Its composition (Table 3) is fairly rich
in Zn (LVL4 mol. Vo ZnS) but has lower Fe
than sphalerite from the same assemblage. Owing
to its minute grain-size, hawleyite could not be
confirmed by X-ray diffraction, but its composi-
tion and isotropis optical propefiies justify the
identification.

SuUosalts

Stannite, dern{ite and kesterite are restricted
to the assemblage (6,3C). They are closely asso-
ciated with cassiterite, which they commonly
corrode and replace (Fig. 2). Stannite is the
most abundant, dernfite very subordinate, and
kesterite rare. The three minerals form irre.gular
patchy intergrowths and occasional concentrical-
ly zoned grains (Fig. 3); no exsolution textures
were observed.

Compositional variations in this mineral group
are extensive (Table 5, Fig. 4) but no significant
deviations from the general formula AzBCSa
were encountered. Most of the stannites are low
in both Zn and Cd, but some analyses show up
to 40 mol. Vo of the Zn component. A positive

Frc. 2 Rounded grains of cassiterite (medium grey, c) corroded and
partly replaced by stannite (light grey, st). Muscovite adjacent to the
cassiterite is penetrated by fine-grained bismuth, chalcopyrite, pyrrhotite
and sulfosalts. Assemblage (6,3C), polished section, polarized light.

Frc._3_Cassiterite (black) corroded and replaced by stannite and dernfite
(darker and lighter grey, respectively). Chalcopyrite and bismuth con-
stitute the white areas. Assemblage (6,3C), polished section in oil
immersion, polarized light.



Frc. 4 Composition of stannite, ierniite and keste-
rite in terms of the (Fe,Cd,Zn)-site population
(at.Vo). Tanco compositions are marked by dots
(and by a shaded area for the probable composi-
tion of kesterite). Compositions from the Hugo
pegmatite (crosses) and the dots with an arrow
are from Kissin et al. (1978).

correlation is indicated between the Zn and Cd
contents in the Tanco stannites (Fig. 4); a simi-
lar trend is suggested in stannites and kesterites
from Mt. Pleasant, New Brunswick @etruk
r973).

dernfite compositions are much closer to the
end-member formula than the one from the
Hugo permatite, South Dakota (Kissin e/ a/.
1978), but kesterites from Tanco and Hugo are
fairly similar. However, kesterite forms an
abundant host to exsolved dernfite in the Hugo
pegmatite, whereas Tanco kesterite was identi-
fied only by a partial electron-microprobe

TABLE 5. ELECTRoN i4rcRopRoBE ANALYSES 0F STANNITE AND CERNfITE

Stannite [ern!t te

Anal. # S-8-1
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Assemb l age

Anal . #

Frc. 5 Blocky grains of gustavite (flat grey, g) in
a matrix of pyrrhotite (dark grey), bismuth and
chalcopyrite (light shades of groy) partly pene-
trat€d by gustavite and other sulfosalts. Assem-
blage (6,3C) polished section, polarized light.

analysis (Fig.  ) as a very thin zone within stan-
nite of variable composition.

Gustavite (Harris & Chen 1975) occurs in
angular to irregular grains up to 1 X 2 mm in
size, associated with gladitFpekoite intergrowths,
cosalite and other sulfosalts of the assemblage
(6,3C). It penetrates the early granular pyr-
rhotite and native bismuth, replacing mainly the
latter and forming extremely fine-grained emul-
sionlike structures with this phase (Fig. 5).

Six microprobe analyses of the Tanco gus-
tavite are clustered close to the ideal composi-
tion PbAgBirSo, except for substantial replace-
ment of Bi by Sb (Table 6). Figure 6 shows a

TAELE 6. ELECTRON MICROPROBE ANAIYSES OF GUSIAVITE

(  6 , 3c )

63r

Fe

s-8-4 5-8-6 S-8-II S-8-lrI S-8-IV
s-2 s-8-l s-8-2 S-8A s - t 6A

8 .9  8 .9  7 .8  8 .3  8 .3  8 .0't8.9 20.6 20.2 20.8 22.7 23.2
52.0 53.3 50.3 49.7 50.3 47.1
3 . 3  3 . 3  3 . 6  3 . 6  2 . 8  5 . 1

17 .7  17  . 3  17  . 6  17  . 0  17  . 7  J7 .3
100 .8  103 .4  99 .5  99 .4  101 .8  100 .7

s-3

24.6

zi.q

Fe
Zn
cd
Ag

sb
s

29.0 29.1 2A.9 28.5 25.1
1 0 . 2  l l . 0  9 . 1  6 . 8  1 . 9
1 . 5  . 8  3 . 6  4 . 7  t . 8
2 . 4  2 . 4  3 . 7  4 .  1  1 7 . 9

n . d . *  n . d .  n . d .  n . d .  n . d .
27 ,1  26 . t  26 ,7  26 ,7  25 .1

.1  .B  .06  .06
30.0 29.8 29.9 29,0 27.3

2 6 . 3
, 7

1 . 6
19.2

. 3
24.8

zi.s

A9
Pb
B i
sb
s

1 0 0 . 3  1 0 0 . 0  1 0 1 . 9 6  9 9 . 8 6  9 9 . 1

s-8-l c't.gzq( F". zgzzn. roocd.ogt ):. ggg(sn. ggzsb. oor):. g9o5q. os g
s-8-2 cu1. 967( Fe. g55cd. 6912n.052) :.998(sn.9sqsb.o:o)r.9a45q. 030
s-8-4 cut.956(Fe. 70tzn.236cd. I 60) rl. 097(sn. ge:sb.ooz) :.segsq. ot z
s-8-6 cu1.996(Fe.549c0. 1 tgzn. 3.t B) rl . ol 7 (sn.9gssb. ooq) :. gggs:.998
s-8-l I Cu1. g83(Cd. 75gFe. 1 52zn..t 34) rt . 0545n.1.006s4. 057
s-8- l I I  (cu t .99sAs.o ta) :e .oos(cd .gzqzn. , l . t6Fe.063) r l .0035n. t .oo l53 .ge t

s -8- Iv  (cu2.9g1As.n l4 )12 .6 ts (cd .83 tZn.og lF" .o77) :1 .005sn1.00  1s3.978

*n6t detemlnedt Assenblage 6,3c
Analysts:  S-8-I I  -  D.C. HarrJsi  others -  0.R. 0wens

Analvs t :  D .C.  Har is .
Ana l ises  S-2  and S-8- l  f rm Har r is  &  Chen (1975) .
N,x , -mo1.%(PbAgBi .S . )  -  ca lcu la ted  f rcm Pb/ (B i+sb) /Ag ra t ios .
Crystallochemical formuias based on I ltte=N+1.

9 9 . 199.4
S-2  As .85Pb .gq (B iZ .S6Sb .Ze )SS .os
s-3 As.rrPb. , .99(Bi2.5zsb.Zz)ss.a:
s-8- l  As.  72Pb.98(Biz.qZSb. ro)ss.Sz
s -8 -2  A9 .8 lPb l . oo (B i z . s t sb .  g t  ) s s .oo
s -8A  A9 .ezpb . t . t z (B i z . s7sb . zs ) ss .as
S - l 6A  As .  77Pb l .  l o (B iZ . sssb .qs ) sS .  Ss

N  x  mo l . g
3 .64  . 85  103 .4
3 .65  . 83  100 .2
3 .45  . 73  101 .0
3.67 .81 96.7
3.82 .82 90.5
3 .70  . 77  90 .6
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plot of these compositions in the system
Ag-Pb--Bi, compared to coordinates devised for
the crystallochemical relationships in the lillianire
homologous series by Makovicky & Karup-
Mlller (L977a): N, average number of octa-
hedra in diagonal chains running across in-
dividual "galena-like" layer motifs of the struc-
ture; x, the Ag + Bi=2Pb substitution coeffi-
cient, and the molecular percentage of the
Ag-Bi end-mqrnber (c1., Table 6).

In accordance with earlier results, summarized
by Makovicky & Karup-Mlller (1977b), N in
the Tanco gustavites is somewhat lower than the
ideal value of 4; compositions range between
Gueo and Guros. The only analyses that fall
above the Guroo limit, S-2 and S-8-1, do not
yield mutually balanced coefficients and prob-
ably reflect analytical inaccuracies..

Cosalite was identified by X-ray powder dif-

TI{E CANADIAN MINERALOGIST

7 0 o t % 8 l

+- Pb&rs4 (CoLmb i !muli b I
PbAqsB'2f

'11'l'-'Y"I'ib)<."-i

+ PbZBlz55 (@[r.]

+.Pb3Et36( lillioii lo)

P b B I S
4  2 a

Frc. 6 Compositions of the Tanco gustavites (triangles) and cosalites (dots)
in the Ag-Pb-Bi triangle (at,Vo). Values of N related only to the
gustavite structure; the edd is modified after Makovicky & Karup-
M4ller (1977b). The values of Ag and Bi represent totals of Ag+Cu
and Bi-fSb, respectively.

fraction of mineral mixtures from assemblage
(6,3C), and by the electron microprobe. Five
analvses recalculated on the basis-of S=5 per
quarter unit-cell (Table 7) indicate substitution
of Ag and Cu for Pb (up to L6 alVo of the
P.b, Ag, Cu total) and of Sb for Bi (up to 13 at.
Vo of. thetr total). Similar deviations from the
ideal composition Pb:BilSb are evident in other
modern analyses (e.9., Povilaitis et al. 1969,
Harada et al. L972, Karup-Mflller L973, 19771,
Nedachi et al. 1973, Srikrishnan & Nowacki
1974). This compositional complexity, as well
as experimental evidence, strongly suggests that
cosalite does not belong to the simple system
Pb-Bi-s.

The strucfure of cosalite is closely related but
does not belong to the true lillianite homologues
as defined by Makovicky $977) and Makovicky
& Karup-Mlller (L977a,b). One of the major

TABLE 7. ELECTRON MICROPROBE ANALYSES OF COSALITE, GLADITE, AND PEKOITE

Cosal i te Gladi te Pekoi te
(  o  r5u . ,Assenbl age

Anai . # s - l s-8-2 s-84 s-4- 1

Cu

B i
sb
Ag
S

. z

4 l  . l

3 . 2
I I . J

. 1
3 4 . 1
42.2
2 , 9
3 . 2

1  6 . 9

. a

35 .4
4 t  . 5
2 . 7
4 . 6

t o . J

' I  . i
3 2 . 8
46.4
2 . 9

. 8'18 .0

. 1
3 7 . 1
41 ,9
2 . 2
2 . 7

i  7 . 0

4 . 1

60.  I

n .  d .
1 8 . 3

. 6
1 . 1

7 A n

n .  d .
t o  n

4 . 1
t 5 . z

4 . 1
n .  o .
l t . z

99.4 o o  I ' t02. 0 9 8 . 8 99.2

s- l  (Pbt .gz lAg.ezecu.ozs)  r  z . t ts(Bi t  .ezzsb,zta) ,  2 .100s5.000
s-g-l (Pbt.sosAg.zg+cu.ol g) r t. aos(Bi t .stosb.eeg), z. I 44ss. 000
s-8-2 ( Pbr . 661 As. zszcu .oz; r t . gsz(Bi t. gsrsb. et q), 2. i 47s5.000
s-8A (Pb1.49rAs.ourcu. ts2) ,  r .oz: (Bi t .gzgsb.214) r  z . rggss.ooo
s-88 (Pb1.669As.2rucu.0r9) ,  r .gqq(Bir .egzsb.rzo)  r  e .oszss.ooo

s-4-  
*  

cu . r roPbt .000(B i4 .363Sb. r ta )5e .ogo
s-4-1  Cr .2ssPb. t+z(B i . tO. tZZsb.eZZ)SrO.gOO
s-16 Cu.no lPb.Ur r (B i tO.OZOsb.szq)s rz . i ss

Anaiyst :  D.C. Harr is .
Analyses S-4 and S-4- l  f rom Harr is  a Chen (1976).

* * *
*Flebs and host  in a s ingle exsolut ion intergmwth.

not  detennined.
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differences is the presence of Cu, randomly dis-
tributed in tetrahedral sites interstitial to the
PbrBirSs framework. Nevertheless, the formal
stoichiometry of the Ag-rich and mostly Cu-
poor Tanco cosalite can be examined within the
same system Ag(*Cu)-Pb--Bi as was done for
gustavite. Assuming a simple substitution (Ag,
Cu)*Bi=2Pb, formulas derived from micro-
probe analvses and from the factors N and .r
match well in 4 out of 5 cases. Figure 6 shows
the N values covering a wide range, mostly
above the ideal value of 3. It also illustrates the
high level of the [Ag(*Cu),Bi] substitution be-
tween 30 and 50 mol.Vo of the theoretical "end-
member" composition PbAgo.sBia.lSs.

The above treatment of cosalite is iust an-
other attempt to describe its crystal chemistry,
which remains essentially unresolved. For exam-
ple, Karup-M{lter (1977) suggested [Pb,2(Ag,
Cu)l substitution, possibly combined with
[3Pb,2Bi+n], assuming 11"s6 $=20 per unit
cell. However, the Tanco cosalites do not follow
the well-defined alignment of his samples in
the (Ae*Cu) vs. Pb plot (Karup-]s.d4llet 1977,
Fie. 88).

Gladite-pekoile intergrowths occut in as-
semblage (6,3C). They form exsolution textures
at the expense of an apparently homogeneous
precursor (Fig. 7). This original phase was
coarse-grained, as individual columnar crystals
up to 1 X 4 cm can be recognized in hand
specimens by their cleavage. Despite its crys-
tallization as coarse subparallel aggregates, the
homogeneous mineral was evidently a late phase
which mainly replaced fine-grained masses of
native bismuth, galena, chalcopyrite and pyr-
rhotite.

Microprobe analyses of the pekoite host and
gladite blebs (Ilarris & Chen 1976) are listed
in Table 7 together with another pekoite anal-
ysis. The position of the analyzed phases in the

Fro. 7 Gladite exsolutions in pekoite matrix; the
two sizes and orientations of the gladite blebs
possibly indicate two generations. Assemblage
(6,3C), polished section in oil immersion, etched
with (1:1) HNOg.

system Pb$-Cu'$-BirS" in relation to ideal
gladite CuPbBi'Se and pekoite C\rPbBinSre is
illustrated in Figure 8. Estimated modes of the
Tanco intergrowths indicate that pekoite/gladite
ranges between about 8:1 and 5:1. Consequent-
ly, the bulk composition of tle intergrowth con-
tains about 90 mol.% BiaSg.

Tetahedrite (Cu>Ag)ro(Cu*,Fe,Zn)rSbssra and
freibergite (Ag)Cu)r(Cu*,Fe,Zn)zSbsSra are
among the more common sulfosalts at Tanco,
but their occurreoce is erratic. Although ag-
gregates up to 8 mm in size are found occa-
sionally, most are just microscopic rims on
chalcopyrite against pyrrhotite, bismuth and
sphalerite.

Pbs 50 BizS 3

Frc. 8 Composition of the Tanco gladite and pekoite (dots) in the system
PbS{uz9-Biz$ (mol Vo), compared with tle stoichiometric members
of the aikinite-bismuthinite series (crosses).
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TABLE 8. ELECTRON I,IICROPROEE ANALYSES OF FRIIBERGITE, ITTRAHEDRIIE,
AND I4ISCELLAI1EOUS SULFOSAL]S

Assemblage

Ana l .S

---I91bersll9- -19!EEdrIg- !9y!9l]-!g- rygrvrl-t€ UilgIIl-Ig.

s- l6A s - l6A

29.6

n . 0 .

nla.
2 6 . 6

z1.t

1 0  1

23.9
n . d .

. l

n .  d .
25.6

22.9

Ag
Cu
Pb
Fe
Zr
BJ
sb

32.0'14 .3

n .  d .
6 . 0

. 7

. l
2 0 . 7

. t
o .

. 6
d .

l 0
30

;
27

zz

n.  d .
i  3 . 3
42.5
n . q .
n . o .
n .  d .

n .  d .

35 .8
n .  d .
n .  d .
n .  d .
n .  d .
n .  d .

n .  d .

59 .4
n .  d .
n .  d .
n .  d .
n . d .
n .  d .

n . q .
1 7  . 7

I  00 .798.7

s-1 (Agg.315cu4.6s5) 
r  r0.000(cu.  r62Fer.g:e)  r  z .oosbq.z:zst : . r to

s-3 (A9g.ggrc 'q.zcF". teg)r to.ooz(F"t .asaZn.tq:) rz.oot(5b+.t t f i .ooz&.ozo) rq,zzl5 lz. rse
s-8 (cu6.746As3.255)rro.oor(cu.rezF".o: :Znt .zgg)r t .ggg(Sbe.s6sA..rz: ) r r .ssSsrr . tzr
s- l6A (cus.  r  7tcar.  oar )  :  to.ooo(cu.qqtznt .ssg) r  r .  gsgsbq.o64srz.  266
S- l6A Cu l .O36Pb. t .OtsSb.  ss tS : .ozO s-l A9z.gz:sbt.oqosz.geoS-I Ag.sBOSbt.otZSZ.,OOg

Analysts: S-3 - T.T.Cheni othere - D,C. Harrls;

Four microprobe analyses indicate extreme
variations in terms of (Cu,Ag)ro and (Cu*,Fe,
Zn)z substitutions (Table 8). The two Ag-rich
tetrahedrites with very low Fe contents seem
to be exceptional among natural members of
the series (Springer 1969, Petruk et aL l97lb.
Shimada & Hirowatari 1972, Riley 1974, Char-
lat & Levy 1974), although natural and synthetic
Ag-rich Zn:-phases are known (Hall 1972),

The compositional variability of the Tanco
tetrahedrites and freibergites may reflect. in
part, their secondary metasomatic character in-
dicated bv textural relationships. Most of the
Cu. Fe and Zn contents could have been in-
herited from the digested matrix, consisting of
variable proportions of pyrrhotite, sphalerite
and chalcopyrite.

Bournonite was found only in specimen ,5-16,
closely associated with tetrahedrite. in a com-
plex intergrowth with 9 other species. Despite
the complex bulk chemistry of this aggregate,
the bournonite corresponds, within the limirs
of analytical error, to the ideal formula
CuPbSbSz (Table 8).

Pyrargyrite and miargyrite were identified
in samples ̂ t-1, S-11 and 5-16 as separate tiny
inclusions in fine-grained aggregates of 10 to
12 species. Identification of both minerals is
based on their nearly ideal stoichiometric com-
positions (Table 8) and optical properties; X-ray
diffraction data could not be collected.

FARAcENETIc RnletroNsgrps

Monomineralic occutrences of sphalerite
(4,5A). molybdenite (4,58), and sphalerite (6,3B)
indicate only that most of Zn(+Cd) and almost
all Mo migrated and precipitated separately

rnot 
detemined; 

r'not 
detected.

from other sulfide components. Assemblage
(6,3A), arsenopyrite f pyrrhotite * chalcopyrite
in altered contacts of amphibolite xenoliths, is
equallv sterile in genetic information. Primary
monoclinic pyrrhotite indicates temperatures be-
low - 265"C at 2.5 kbar (Scott & Kissin 1973;
S. A. Kissin, priv. comm. 1978) but the As
contents of arsenopyrite suggest a temperature
range 350-500oC (Kretschmar & Scott 1976,
Fig. 7). The arsenopyrite-pyrrhotite geothermo-
meter developed by these authors is not appli-
cable, as the two minerals occur separately in
two different reaction bands, and their stabilities
are mutually exclusive.

High sulfidation state of Fe, fine-grained
botryoidal aggregation and high Tl contents of
pyrite and marcasite (6,3D) in open vugs with
calcite and cookeite indicate a late low-tempera-
lure origin, at a l(S) possibly higher than in
any other sulfide assemblage of the pegmatite.

The complex assemblages (4,5C) and (6,3C)
are the only ones that provide several clues to
their mode of crvstallization.

Assemblage (4,5C)

This assemblage consists of antimonian bis-
muth, bismuthian antimony, arsenic and galena
with very subordinate sphalerite, chalcopyrite,
tetrahedrite and dyscrasite (Table 2). Trace
guantities of unidentified sulfosalts have also
been detected. In terms of decreasing elemental
abundances, the assemblage consists mainly of
Bi,Pb,S,As,Sb and minor Zn(Cd),Cu and Ag.

The mineralogical phase rule is violated in the
assemblage as a whole (P> lI, C:8), and also
in the mineral associations of individual sulfide
patches. However, it is difficult to identify speci-
fic departures from equilibrium because of the



presence of complex phases like argentian tetra-
hedrite and the unidentified sulfosalts.

Both native arsenic and antimony occur in
contact with stibarsen, but separately. Their
textural features suggest partly successive, partly
simultaneous crystallization. Exsolution inter-
growths typical of AsSFSb and AsSb--As pairs
from other localities (Quensel e/ a/. L937,
Wretblad 1941, C,emf & Harris 1973) or other
reaction phenomena were not observed. Dis-
equilibrium is strongly indicated here, despite
the poor understanding of the subsolidus rela-
tions in the system As-Sb (Skinner 1965,
Leonard et al. 1971, Clark 7972) and a possible
influence of Bi concentration.

The fine-grained guttate intergrowths of bis-
muth and galena which surround most of the
coarser-grained aggregates suggest quench:in-
duced mass precipitation in the last stages of
crystallization (Fig. 1). An exsolution origin is
unlikely as no possible precursors are known
alons the Bi-PbS join (Craig t967).

Assuming that the effect of pressure on ther-
mal stabilities of most native elements, alloys,
sulfosalts and sulfides is negligible (Crug 1967,
Barton 1970, Kretschmar & Scott I97 6) , crystal-
lization of assemblage (4,5C) may be placed
below approx, 27OoC, the melting point of Bi.
Slight rise of this melting temperature with in-
creasing Sb content (Hansen & Anderko 1958) is
more than sufficiently counterbalanced by the
negative effect of increasing pressure (Klement
et al. L963). The primary, non-exsolved nature
of the sb' As and AsSb agglegates suggests
crystallization temperatures well below the field
of continuous solid solution at 300'C (Skinner
1965), possibly as low as 250-185'C (Clark
r972).
Assemblage (6,3C)

This assemblage consists of at least 2L min-
eral species (Iable 1). The number of elemental
components is, as in the preceding case, much
lower:.Bi, S, Pb and Sb are most abundant, Cu,
Fe and Ag are subordinate; minor Zn, Cd. Sn
and As are the only other significant compo-
nents. Similar predominance of phases over com-
ponents is also typical of individual sulfide
aggregates that contain as many as 13 species'

Table 9 shows the bulk chemistry and min-
eral composition of four such aggregates selected
for their diversified mineral content. Variations
in subordinate components have profound in-
fluence on the mineral assemblages: e.9., Zrr
and Cd abundances control the appearance of
sphalerite or hawleyite, and Ag contents regulate
the crystallization of gustavite, cosalite, tetra-
hedrite or freibergite. On the other hand, ap-
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Bi
sb
| ,D

Cu
Ag
Fe
Mn
Zn
cd

TABLE 9. BULK COMPOSITION OF SULFIDE AGGREGATES

Samp'le # S-2 s-3 s-8 s-16

75.00 75.62
2.6? 2.82
3 .00  3 .12
1 . 0 9  . 9 8
.058 .064
. 8 8  1 . 1 8
.008 ,07
.014  .03 r
.004  .0 i5' 15 .80  I6 . I I

99.396 99.459 98.484 100.01

63s

63.00  66 .50
2 . 8 8  2 . 7 8
6 . 6 2  7 . 9 2
1 .88 2 ,86

. 9 0  | . 5 3
1 2 . 0 0  7 , 5 5

.004 .009

.062 .28

.36  .76
1  I . 6 9  9 . 2 7

B ISMUTH
SPHALERITE
HA|ILEYITE
PYRRHOTITE
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CHALCOPYRITE
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+ - subordinate to trace amount

pearance of miargyrite in the Ag-poor assem-
blage 5-16 and the presence of kesterite and
dernfite in the Zn, Od-poor sample S-8 suggest
local reactions and equilibria in a bulk ag-
gregate that is not equilibrated as a whole.

From textural relationships, a general two'
stage sequence of crystallization can be inferred
(fable 10): (1) The first minerals to crystallize

TABLE 10. PROBABLE EVOLUTION OF THE SULFIDE MINEML
ASSEMBLAGE (6,3C)

PRE-EXI STING
PHASES

EARLY
ASSOCIATION

LATE
ASSOCIATION

sn Fe,Cu,Bi  'Zn,Cd,(As) Pb,Ag,sb

GLADIlE.PEKOITE

GUSTAVITE

COsALITE

TETRAHEDRITE.
-FREI BERGITE

GALENA

BOURNOT.IITE
PYRARGYRITE

MIARGYRITE

ANTIMONY
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were the sulfides of Fe, Cu, Zn and. Cd: pyrrho-
tite, chalcopyrite, cubanite, arsenopyrite, sphale-
rite and hawleyite, closely followed by bismuth
and some galena. They were mostly deposited on
the enclosing silicates, forming a lining between
these and later sulfosalts. Cassiterite is the only
preexisting phase corroded and replaced by these
early sulfides (Fig. 2,3). Minerals of the stannite
group evidently derived their Sn content from
cassilerite, and the different species were gene-
rated according to local and temporal fluctua-
tions in the activities of Fe, Zn and. Cd. (2)
The second mineral sequence consists of galena
and a variety of sulfosalts accumulated mainly
in the central parts of sulfide aggregates, and
crvstallized at least in part at the expense of
the early suite. These later phases represent
a substantial addition of Pb, Ag and Sb to the
Bi, Fe, Cu, Zn, Cd and Sn of the earlier min-
erals. Replacements, such as tetrahedrite cor-
rosion of chalcopyrite and pyrrhotite, gladite-
pekoite after chalcopyrite and bismuth. and
gustavite replacing bismuth amply demonstrate
the metasomatic character of tle second min-
eral suite @igs. 5,9).

Exceptions to the above generalization can
be observed on small scale. Chalcopyrite occa-
sionally appears among the youngest minerals
of the late mineral sequence, as veins and
linings of microscopic vugs in sulfosalts. Tetra-
hedrite seems to coexist with chalcopyrite in
some specimens. Nevertheless, the exceptions
seem to be quantitatively insigni,ficant com-
pared with the ,main course of events shown
in Table 10.

The variety of sulfosalts is mainly responsible
for the excess of phases over component$. Non-

Frc. 9 Subparallel blades of the gladite-pekoite pre-
cursor (mottled light Crey, gp) cross-cutting
subhorizontally banded fine-grained bismuth,
pyrrhotite and chalcopyrite. Assemblage (6,3C),
polisbed section in oil immersion, crossed polars.

equilibrium assemblages are typical of this min-
eral subclass which suffers from the "plague
of small AG's" (Craig & Barton 1973; cf.,
Shcherbina 1967). Disequitbrium is also indi-
cated by the wide variety of replacement tex-
tures and by the different stages at which
incomplete reactions were interrupted. Ex-
tremely fine-grained patches in these aggre-
gates of reactants and products strongly sugge$t
guenching as the main factor responsible for
arresting the replacement reactions.

Non-equilibirum is also suggested by the
occurrence of hawleyite, considered meta-
stable under all sonditions (Craig & Scott 1974).
Within lhe ranges of l(Sz) and T derived below,
sphalerite should also be metastable and wurt-
zite should have formed instead (Scott & Barnes
1972). However, the influence of substantial
(Zn,Cd) diadochy Clable 3) on the polymor-
phism at low temperatures is not yet known
(Krdger 1940, Charbonnier & Murat 1974). The
effect of sulfur or metal deficiency on the
greenockite-hawleyite stabilization is also unex-
plored (Clark & Sillitoe 1971, Oen et al. 1974).

Crystallization temperature of assemblage
(6,3C) is limited by the melting of Bi at about
270"C and bv the upper stability limit of
primary monoclinic pyrrhotite at approximately
265oC at 2.5 kbar (Scott & Kissin 1973, S.A.
Kissin, priv. comm. 1978). Sphalerite compo-
sitions (10-12 mol.Vo FeS), possibly in equili-
brium with pyrrhotite, may indicate tempera-
tures much lower than these maximum values,
i.e., between 200-150' (Scott & Kissin 1973).
Untwinned orthorhombic cubanite associated
with pyrrhotite also suggests temperatures below
2OO-27O"C for the onset of crystallization
(Cabri et al. 1973), whereas pyrargyrite is
stable above 192"C (Chang 1963, Hall 1966).
The lack of exsolution textures in stannite-.group
minerals indicates simultaneous or sequential
crystallization (Fig. 3). Compared with the
experimental results of Springer (1972) and
Harris & Owens (I97D, the Zn-Fe partitioning
in the Tanco stannite and kesterite (Fig. 4)
suggests temperatures well below 20O"C (cf.,
Petruk 1973). However, the experiments were
performed on essentially Cd-free phases,
whereas the Tanco minerals are considerably
enriched in this element (Table 5).

Minerals of the assemblage (6,3C) and their
thermal limits indicate low values of l(Sr)
during crystallization, distinctly below Barton's
(1970) "main line" of ore-forming environments
(Fie. l0). In the absence of bismuthinite and
pyrite, the reactions Bi-bismuthinite and pyrrho-
tite-pyrite represent the upper T, l(Sr) limit;
arsenopyrite found in a single specimen asso-
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precipitation $tarted distinctly below 270-250" C,
probably about 200oC, and it could have pro-

ceeded to about 150'C. Fugaciry of Ss could not
surpass 10-16 atm, and was probably as low
as 10-20 to 10-2" atm.

Sulfide phases containing As, Bi, Fe, Cu, Zn
and Mo are relatively common in granitic peg-

matites, although only in trace quantities' In
contrast, sulfide minerals with substantial Sb,
Pb, Ae, Cd and Sn are only rarely found; they
tend to be restricted to those pegmatite types
that show considerable enrichment in Li, Rb,
Cs, Ta, B, and F. The Varutriisk deposit in
Sweden (Odman 1942, Quensel et al. 1937,
Quensel 1956), the Viitaniemi pegmatite in
Finland (Volborth 1960), and the Mangualde
pegmatite in Portugal (Oen 1959, 1970; Oen
et al. 1973, Oen & Kieft 1976) may serve as
examples of this type. Sulfide mineralization
closely similar to that of the Tanco pegmatite
is currently being studied in the Hugo, Tip
Mountain, and other lithium-rich pegmatites of
the Black Hills. South Dakota (Kissin er a/.
1978; W.L. Roberts, peni. cornm. 1977). lt is
noteworthy in this respeqt that the Tanco and
related pegmatites in southeastern Manitoba
seem to have the same petrogenetic history as
the pegmatites of the southern Black Hills
(eernf & Trueman 1978).

ciated with pyrrhotite may possibly indicate the
pyrrhotite f ltillingite--arsen<fpyrite reaction as
the lower boundary. Thus, l(Sr) could not sur-
pass 10tu atm, and probably was as low as
10-20 to l0-a atm.

SUMMARY

Sulfide minerals belong to the latest assem-
blages crystallized in the two innermost zoneg
of the Tanco pegmatite. The spodumene-(petal-
ite-) rich zones (4) and (5) carry disseminated
sphalerite and molybdenite. and patches of Bi,
Pb,As,Sb minerals with minor Zn(Cd), Cu and
Ae. The central microcline * quartz zone (6),
modified bv Ta,Nb,Be,Sn,Zr(Hf)-bearing albi-
tization (3), contains an Fe,Cu,As-assemblage
in contacts with amphibolite xenoliths" Tl-
enriched Fe disulfides in open vugs, and dis-
seminated sphalerite. The main sulfide content
of this zone consists of a cavity- and fracture-
filling assemblage with an early Fe,Cu,Zn.Cd,Sn,
Bi (and Pb) association of simple sulfides,
followed and partly replaced by an arrav of
sulfosalts containing, in addition, substantial Pb,
Ag, and Sb. In both parent zones, the complex
assemblages are not equilibrated; they show
indications of quenching in the last stages of
crystallization and replacement prosesses. The

2.4

Frc. 10 Sulfidation reactions and stability boundaries pertinent to the
crystallization of assemblage (6,3C). Compiled and partly extrapolated
from Barton (1970), Craig & Barton (1973), Craig & Scott (1974),
Kretschmar & Scott (1976), Scott & Barnes (1972), and Scott &
Kissin (1973). The stippled area shows the "main line" ore-forming
environment of Barton (1970). The ruled area is the possible field, and
the cross-hatched area is the probable field of crystallization of as-
semblage (6,3C).
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