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ABSTRACT

Benjaminite from Nevada, U.S.A.,, Camsell
River, N.W.T. and Cobzlt, Ontario, gives a general
composition, (Ag,Cu);(Bi,Pb);S;;, and space group
C2/m, Cm or C2, with a = 13.25, b — 4.04,
c = 20.184, 8 = 103.21° and Z = 2, supporting
the existence of benjaminite reported by Nuffield
(1975), and reinstating benjaminite as a valid spe-
cies.

Benjaminite is compositionally similar to pavo-
nite. These two minerals cannot be identified in-
fallibly without x-ray single-crystal data. Reports
of “pavonite”, “alaskaite”, and “benjaminite” in the
literature should be re-examined.

RisuME

La benjaminite do Nevada, E.U., de Camsell
River, T.N.O. et de Cobalt, Ontario a été étudiée.
Les résultats ont donné comme composition géné-
rale, (Ag,Cu)s(Bi,Pb),Sss, et une maille élémentaire
de C2/m, Cm ou C2, a = 1325, b = 4.04, ¢ =
20.184, 8 = 103.21° et Z = 2, ce qui soutient
Pexistence de la benjaminite rapportée par Nuffield
(1975) et rétablit la benjaminite comme une es-
péce valable.

La benjaminite est de composition semblable 3
la pavonite. Ces deux minéraux ne peuvent &tre
identifiés infailliblement des données de cristal
simple obtenues par rayons-x. Les rapports publiés
sur la “pavonite”, 1‘“alaskaite” et la “benjaminite”
devraient &tre ré-étudiés.

INTRODUCTION

“Benjaminite” was originally described by
Shannon (1925) on a specimen from the Out-
law mine, Nye County, Nevada, associated with
muscovite, fluorite, chalcopyrite, molybdenite,
and pyrite in a quartz vein near the contact of
granite and rhyolite. The mineral resembled
massive tetrahedrite except that it showed a fair
cleavage in one direction. The formula (Cu,
Ag):Pb:BiSs was proposed by Shannon.

Shannon’s type material (U.S. Nat. Mus.
95058; Harvard University, HMM 85749) was
re-examined by Nuffield (1953) and found to
be a mixture of aikinite and a possible silver-

bearing mineral with distinct x-ray crystallo-
graphical data. As the inspiration of Shannon’s
investigation was probably the “silver-bearing
mineral”, the name benjaminite was retained by
Nuffield, though the chemical composition was
undefined.

In a study of material from the Adrasman
deposit, Central Asia, Mintser (1967) assigned
the name benjaminite to a mineral with compo-
sition (Cu,Ag):Pb;BisSs, even though its x-ray
powder diffraction pattern was not identical to
Nuffield’s (1953) data, and despite (Cu,Ag)s-
Pb:BisS, for benjaminite having been discredited
by Nuffield. On re-examining Mintser’s mate-
rial, Borodaev & Mozgowa (1971) found that
the grains considered homogeneous by Mintser
were intergrowths of berryite, matildite and
lindstrémite. Borodaev & Mozgowa thus con-
cluded that “benjaminite of Shannon and Mint-
ser must once again be discredited” and that
“the powder pattern obtained by Nuffield
should not be identified with the material which
was chemically analyzed by Shannon”. It was
on this basis that the Commission on New Min-
erals and Mineral Names (IMA) voted in 1973
to discredit the name “benjaminite”, regardless
of the fact that the name had been assigned by
Nuffield (1953) to the distinct species (C2/m,
a = 13.34, ' = 4.06, ¢ = 20.25A, and B =
104°) of unknown composition in Shannon’s
type material. Borodaev & Mozgowa further
concluded that there were not sufficient grounds
for distinguishing individual mineral species
among low-Pb, i.e. (Ag,Cu,Pb):Bi:Si2, and Pb-
free (e.g. AgCu.Bi.Sis) phases, and suggested
that all be considered as a single series of ben-
jaminite with discontinuous, isomorphous mis-
cibility of a general formula (Ag,Cu,Pb);Bi:St.

Nuffield (1975), on re-examination of the
type specimen from Nye County, Nevada (U.S.
Nat. Mus. 95058), found that the phase pre-
viously identified as benjaminite by him con-
sisted of two finely intergrown silver-bearing
phases of which one, a low-Pb phase (Ags.ee-
Cllo.52)23.1s(Bi7.onPbo.4o)::7.4sSu.s4 was predominant
and contributed most of his original x-ray data.
The present investigations have also found this
low-Pb phase in material from Nevada, U.S.A.,
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TABLE 1. REFLECTANCE AND MICRO-INDENTATION HARDNESS OF BENJAMINITE
Nevada Camsell River, N.W.T.
Gr. 1. Gr. 2

Wavelength

470 rn 47.9-42.6 47.5-44.3 44.8-44.5

546 45.6-40.4 44,9-41.9 42,7-42.0

589 44.7-39.4 44,6-41.6 42.0-41.5

650 43.9-39.4 43.5-40.4 41.6-41.0
Micro-Indentati op
Hardness (kg/nm*} 186-251 225-239 164-218
VHN50g = Av. 219 Av, 232 Av. 186

Results of five to six measurements.

TABLE 2. UNIT CELL OF BENJAMINITE - (Ag,Cu)3(Bi,Pb)7S]2
AND PAVONITE - (Ag,Cu)(B'l,Pb)355

Benjaminite Pavonite
Nevada Camsel? River Nye County* Boliviat
Space N.W.T. Nevada
Group (2/m,0n,C2  €2/m,Cn.C2 C2[/m,CmsC2  C2/myCmy,C2
a R 13.363(8) 13.246(5) 13.39 13.36
b 4.051(3) 4.084(2) 4.06 4,02
c 20.187(9) 20.179(8) 20.21 16.38
8 103.29(5)° 103.21(3)° 103.45° 94.2°
Z 2 2 2 4

* Ppseudo-cell. True-cell has b = 8.12% according to
Nuffield (1975),

+ Harris & Chen (1975). Type material.

TJABLE 3. X-RAY POWDER DIFFRACTION DATA OF BENJAMINITE AND PAVONITE

o Benjewinite Pavonite
Camsell R., NALT  Nevada (6r. 1) Bolivia (Kuffield (1954)

;1 k1 dca]cx dabsR Test, "obsx Test dobsx Test

701 6. 6.594 2 6.62%5 2 :

201 sy s7% 1 5787 1 5.36

4 .

9048 fom 4w 2 4920 2

005 3920 3.93 i 4.03 1

T11 3.8y  3.8%2 H 3.80 i 3.85 B

305 3758  3.754 2 3776 2

204 3537  3.539 8 355 6 3.58 6

i3 3420 3427 8 3435 8 3.88 6

Foz 3.204  3.302 5 332 5 333 6

206 3.233  3.23 1 3230 4

%03 3% 30w 1

T4 318 3,148 2 3138 )

311 2.982  2.98 2 2.992 1

310 296  2.94 5 2.966 5 2.96 3

313 2.8

Tis 282 2.8 10 2.862 10 2.88 10

311 2.888

Zor 2.80  2.813 6 2.821 5

314 272 27123 3 21 2

T16 2.585  2.58 3 2.587 2 2.58 3

116 247 2,417 i 287 1

F1e 2.383  2.38 i 238 4

117 2.8 2.200 5 2203 4 2.25 3

514 2.4 e 3 2.66 3 2.19 2

Tis 2139 : 240 2

g0l o 2.083 3 2.097 3 2.10 3

020 2.022

822 o 2.022 6 2.08 6

118 2 2.007 6 2.008 6 2.01 7

16 1.997 1.997 1

0.0.10  1.965 1,985 3 1.962 3 1.963 &

o7 1.933 1934 1 1.893 2

08 1.83 1.839 1 1889 1

408 1.768 1,769 4 1 4

318 1.7% 1,754 4 1756 4 1.753 1

026 1721 11720 4 22 4 1721 3

711 170 1,701 4 113 3

5.0.10  1.650 1,648 4 1.660 3

0.0.12 1.637 1,636 3 168 4 1.637 3

§0'5 1.628 1.628 i

£.0.11 1.430 1,429 2 1.0 3 1.484 !

3.0.14 1.410 1,411 2 Va3 2 1.257 H
1.423 i

Cuke radiation {r=1.5418K), 114.6mn camera; d

cale
b=4.048, 0220,179K, $=103.21°. Index on benjaminite patterns.
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from Camsell River, Northwest Territories,
Canada, and from Cobalt, Ontario. Because of
the misunderstanding about the identification,
and the subsequent discrediting of benjaminite
by the IMA Commission, and in view of more
recent studies by Nuffield (1975) and ourselves,
a proposal was submitted jointly to reinstate the
name benjaminite to represent the low-Pb phase,
The proposal has been approved by the Com-
mission on New Minerals and Mineral Names
(IMA). The material from N.W.T., Nevada, and
Ontario are described here in detail,

DESCRIPTIONS OF SAMPLES

A specimen labelled “alaskaite” and argenti-
ferous galenobismutite” from Nevada, US.A.
(exact locality unknown), was obtained from
the reference collection of the Geological Sur-
vey of Canada. The specimen consists primarily
of massive quartz and small amounts of sulpho-
salt minerals, The opaque minerals observed
under reflected light were benjaminite, an aiki-
nite-type phase, and minor amounts of bismu-
thinite and chalcopyrite. The benjaminite occurs
as laths up to 6 mm in length. It usually shows
alteration along cracks, whereas the aikinite-
type phase occurs in a few cases as fine la-
mellae which resemble twinning, intergrown
with benjaminite.

The specimen from the mine of Terra Min-
ing and Exploration Company, Camsell River,
N.W.T., Canada was obtained from Dr. R. L
Thorpe, Geological Survey of Canada. Under
reflected light, the specimen was observed to
consist of several arsenides and sulphides, in-
cluding safflorite, skutterudite, rammelsbergite,
arsenopyrite, nickeline, matildite, bismuthinite,
chalcopyrite, pyrite, benjaminite, sphalerite, ga-
lena, and minor amounts of native bismuth.
The benjaminite occurs as finely disseminated
grains and irregular shapes up to 100 microns
in size, associated closely with matildite and in
contact with the arsenides. Native silver fills
fractures in arsenides, and native bismuth occurs
within the arsenides.

A fine-grained pavonite-type mineral from
the Canadian XKeeley mine, Cobalt, Ontario,
Canada has been re-examined and identified as
benjaminite. The mineral was first identified
by Petruk and staff (1971) on the basis of its
x-ray powder pattern, which is similar to that
of pavonite, although the composition did not
correspond to AgBisSs. The mineral occurs as
veinlets in calcite in the mineralized Keewatin
interflow rocks. It is intergrown with bismuthi-
nite, matildite, native bismuth, chalcopyrite,
sphalerite and pyrite.
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MICROSCOPIC OBSERVATIONS

Under a reflected-light microscope, benjami-
nite in air is greyish white, or slightly bluish,
distinctly anisotropic (white to grey), and weak-
ly bireflecting. It usually shows lath-like form
and a fair cleavage parallel to the elongation.
Polysynthetic twinning, and lamellar inter-
growths with aikinite that resemble twinning,
are very common, The mineral has optical prop-
erties very similar to those of pavonite, where-
as it can be readily distinguished from aikinite
which is creamy white to very pale brownish in
color, granular, and more or less fractured.

The reflectance measured with a Leitz MPE
microscope photometer using a silicon reference
standard (N 2538.42, issued by the IMA Com-
mission on Ore Microscopy) for four standard
wavelengths, and the micro-indentation hard-
ness determined with a Leijtz Durimet hardness
tester at 50 g and 15 seconds are listed in Table
1

Tests show that HNO;x (1:1) etches very slow-
ly and stains iridescently or blackens the sur-
face. Aikinite is etched more easily. FeCl:(20%)
gives a light brown surface with effervescence;
HCI does not show detectable reaction.

X-RAY CRYSTALLOGRAPHY

Specimens from Camsell River, N.W.T., and
Nevada, U.S.A., were studied by the precession
method using MoKa radiation. The crystals
were pre-analyzed by electron microprobe and
identified with a Gandolfi camera.

The diffraction symbol gives 2/mC-/- corres-
ponding to space groups C2/m, Cm, or C2. The
cell parameters, refined by a least-squares meth-
od using powder data, are compared with those
from Nye County, Nevada (Nuffield 1975) in
Table 2. A b-axis precession cone-axis photo-
graph taken with g = 12°, s = 25 mm and 24
hours exposure failed to reveal the doubling of
the b-dimension described by Nuffield (1953,
1975).

X-ray powder diffraction data (Table 3) were
indexed by comparison of the observed d-values
with the calculated values obtained from' single-
crystal data, and only the strong reflections on
single-crystal photographs were used to index
the patterns. The x-ray data for specimens from
Camsell River, and Nevada, and the powder
pattern obtained by Petruk and staff (1971) for
the Cobalt, Ontario material are the same ex-
cept that the Nevada patterns are slightly dif-
fuse. The small differences from the pattern
given by Nuffield (1953) are apparently due to
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TABLE 4: ELECTRON MICROPROBE ANALYSES OF BENJAMINITE

Nevada Camsel) River  Cobalt Nye County*
Gr.1 6r.2 Gr.3 NW.T. Ontario Nevada
(this study)
Cu 1.7 2.3 1.0 1.3 2.9 1.4
Ag  12.4 11.4 125 13.6 9.6 12.6
] 9.7 10.8 8.7 2.3 1.3 3.7
Bi 59.0 57.8 61.5 65.4 69.0 65.1
S 17.1 17,3 17.8 17.7 18.1 16.4
Tot. wtZ 99.3 99.6 101.5 100.3 100.9 99.2
Atomic contents per unit cell assuming D = 6.7 g/cm3
Cu  0.75 1.56 0.67 0.87 1.92 0.96
Ag  4.98 4.57 4,91 5.34 3.75 5.08
Pb 2,03 2.25 1.78 0.47 0.26 0.78
Bi 12.24 11.95 12.48 13.25 13.90 13.54
S 23.12 23.32 23.54 23.37 23.76 22.34
Atomic ration based on Pb + Bi = 7,00
Cu 0.37 0.77 0.33 0.44 0.95 0.47
Ag  2.44 2.25 2.41 2.72 1.85 2.48
Pb 1.00 1.11 0.87 0.24 0.13 0.38
Bf 6.00 5.89 .13 6.76 6.87 6.62
S 11,34 11.49 11,56 11.93 11.75 10.87

* Average of low-Pb phase analyses, Nuffield (1975). Recalculated.

the presence of a second phase in Nuffield’s
material (Nuffield 1975).

Although the powder patterns of benjaminite
and pavonite are similar, the two minerals can
be distinguished by the presence of the follow-
ing strong doublets (in terms of dA,l): 1.77(4),
1.75(4); 1.72(4); 1.70(4), 1.65(4), 1.64(3); and
1.43(2), 1.41(2) in benjaminite, instead of only
three broad strong lines at 1.72(3), 1.64(3),
and 1.42(2) in pavonite (Table 3). Pavonite
has a unit cell (Table 2) with ¢ = 13.36, b =
4.02, ¢ = 16.384, g = 94.2°, space group C
2/m (Nuffield 1954; Harris & Chen 1975). Al-
though the c-dimension and the B-angle of pa-
vonite are distinctly different from those of
benjaminite, the strong reflections on zero-level
b-axis precession photographs of both minerals
correspond closely and result in the strong simi-
larity of their powder patterns.

CHEMICAL COMPOSITIONS AND THE POSSIBLE
GENERAL FORMULA

Electron microprobe determination of Cu,
Ag, Pb, Bi, and S were performed at 25 kilo-
volts with a Material Analysis Company (MAC)
Model 400 electron-probe microanalyzer using
synthetic CuS, PbS and AgBiS. as standards.
The x-ray intensity data were processed with
the computer program of Rucklidge & Gaspar-
rini (1969). The results (Table 4) are compared
with the average analysis reported by Nuffield
(1975) for benjaminite from Nye County, Ne-
vada,

The atomic contents per unit cell were cal-
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Fic. 1. Distributions of benjaminite and some compositionally-related
phases in the (Cu,Ag).S-PbS-Bi,S; diagram.
® benjaminite: 1-3 Nevada; 4 Camsell River, NNW.T.; 5 Cobalt,
Ontario; 6-9 Nye County, Nevada (Nuffield 1975);
X pavonite: ROM 21003, No 1124 (Karup-Mgller 1972);
A\ low-Pb phases (Borodaev & Mozgowa 1971);
® pavonite, type material, Bolivia (Harris & Chen 1975).

culated using a density of 6.7 g/cm® If one
assumes that Cu and Ag occupy the same struc-
tural site, as do Pb and Bi, the observed analyses
agree very well with the general formula, (Ag,
Cu)e(Bi,Pb)1sS:4*, proposed by Nuffield (1975).
The slight deficiency of S, as usually observed
in probe analyses, is most likely due to the im-
perfect calibration of the sulphur intensity data.
The formula corresponds to (Ag,Cu)s(Bi,Pb):S:=.
The atomic ratios calculated on the basis of
Pb + Bi = 7.0 are also listed in Table 4.

The general formula requires the presence of
Pb. This is further supported by the fact that
the Pb-free compound, AgsBi:S.,, has never
been synthesized in the system Ag.S-Bi.S; (Van
Hook 1960; Craig 1967; Chen & Chang 1974).
The high-Pb content usually corresponds to a
low-Bi content, indicating a substitution rela-
tionship between Bi and Pb.

The substitutions are most probably of the
type, Ag'Bi** —2Pb**. This is also evident
from the fact that a similar, though not identi-
cal, substitution was found between benjaminite

#The same formula will be derived by using a den-
sity in the range of 6.7 to 7.0 g/cm?®, which is very
common for Bi-sulphosalts.

and its intergrown phase, Pba(Ag,Cu)z(Bi,Pb)sS1s,
in the type specimen from Nye County, Ne-
vada (Nuffield 1975).

Crystal-structure studies have confirmed that
Ag and Cu can occupy the same structural site,
as in tetrahedrite, Cui:SbsSis (Wuensch 1964).
Disorder of Pb and Bi is not uncommon, as for
example in nuffieldite, Pb.Cu(Pb,B)Bi.S; (Ko-
hatsu & Wuensch 1973). The general formula
(Ag,Cu)s(Bi,Pb).S:: is preferred for benjaminite.
However, as the Pb content per unit cell can
be up to 2.3 atoms, and because Ag, Pb and Bi
can also occupy the same structural location
(Kupcik & Makovicky 1968), the formula (Ag,
Cu,Pb):(Bi,Pb):S:: is also possible. The true for-
mula can be determined only by crystal-struc-
ture analysis.

Based on the data available, i.e. including
Nuffield’s analyses, the compositions show a
range with Ag = 1.85-2,72 atoms, and Bi =
5.89-6.87 atoms in the formula (Ag,Cu):(Bi,Pby)
Si:. The range of compositions are shown in a
(Cu,Ag).S-PbS-Bi»S; diagram (Fig. 1); a compo-
sition of pavonite from Cerro Bonete, Sur Lipez,
Bolivia (Harris & Chen 1975), and some anal-
yses (Karup-Mgller 1972; Borodaev & Moz-
gowa 1971) which are similar to those of benja-
minite, are ‘included.
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OTHER PoOSSIBLE (CCURRENCES
OF BENJAMINITE

Borodaev & Mozgowa (1971) reported three
low-Pb phases, I, II, III, with compositions,
(Angu .sPbo. 1)BI7S12, (Ag; 5Cll1 3Pbo.2)B17812 and
(Ag12CuyPbo.1)Bi-S;2 respectively, from Odras-
man, Central Asia and North Kounrad, Kazakh-
stan (Fig. 1). The compositions of the first two
phases are close to that of benjaminite from
Cobalt, Ontario, whereas phase III has Cu>Ag
in contrast to Ag>Cu observed for ben]aml-
nite. Pavonite can also have a similar composi-
tion but with a different unit cell (Harris &
Chen 1975). The x-ray powder diffraction pat-
terns of these three phases show variations from
sample to sample, but the patterns are more si-
milar to that of benjaminite than to pavonite.
The identification of these phases can only be
made by single-crystal work.

A medium-Pb phase, (Ag:sCuzs)PbBieSs,
was also reported by Borodaev & Mozgowa.
The composition is somewhat similar to that of
the benjaminite from Nevada (analysis No. 1)
except for a very high Cu and a low Ag content.
This phase is apparently not ben]am1mte be-
cause the x-ray powder pattern is distinctively
different.

A phase, Pb(Cu,Ag).:BiscSrs, from Kap-
tarkhan deposits, Central Asia was reported by
Lur'ye et al. (1971). Its x-ray powder pattern is
similar to some extent to that of benjaminite.
The chemical analyses correspond to (Agso-
Cl-lo.s) (Bie.oP'bl.o)Ss.s and (Angllw) (Bi5.5Pbl.5)'
Su.s and indicate that this phase is not benjami-
nite,

Karup-Mgller (1972) reported several pavo-
nite minerals from Bolivia, Nevada, and Colo-
rado. Their compositions and x-ray powder pat-
terns are very close to those of benjaminite, es-
pecially those labelled “alaskaite” from Alaska
mine, Colorado, and “benjaminite and aikinite”
from Cerro Bonete, Sur Lipez, Bolivia. The
“alaskaite” consists of two pavonite phases, with
onc exsolved from the other as lamellae. The
host corresponds to (Ags.sCulo.1)(Bis.2sPbo.rs)-
Si1.49, similar to that of benjaminite from Neva-
da (Fig. 1), whereas the lamellae have the com-
pOSitiOIl (Ag1.1scl-l1.7l) (Bis.72Pb1.2s)Su.4s. Both
phases were reported to have triclinic symmetry,
and the x-ray powder data obtained from a mix-
ture of these two phases are similar to those of
benjaminite. The pavonite mineral in “benjami-
nite and aikinite” from Cerro Bonete also shows
a similar exsolution in which the host composi-
tions fall in the range of benjaminite from Ne-
vaca, It would not be surprising if some of
these phases are found to be benjaminite by
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x-ray single-crystal studies,

Re-examination of materials identified as
“alaskaite” or “benjaminite” in old literature
have often proved to be pavonite, or benjami-
nite (this study; Nuffield 1954, 1975; Karup-
Mgller 1972). The “alaskaite” and “benjami-
nite” from Alaska mine (Colorado), Nevada,
and Cerro Bonete (Bolivia) should be re-exam-
ined.
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