NEW OBSERVATIONS
ON MATILDITE
D. C. HARRIS1 Elro R. I. THORPE,

AssrRAcr
A study of matildite from another occurrence in the Camsell River Area, N.W.T. is
reported. The mineral @curs as pure irregular grains in a deposit containing native
silver, native bismut! and Co-Ni arsenidesand in which galena has not been idintified.
single crystal studies and reflectivity measurements confirm the hexagonal symmetry
postulated by Geller & Wernick, but wit! the o-cell dimension doubled, yielding
values of
a:8.t2;c:I9.O2A
Electron probe microanalysis shows that the mineral is homogeneouswith a formula
of Ago.eaBir.ooSr.sr
which agrees very well with the ideal formula AgBiSz.
Microhardness values (25-gram load) range from VHN bg to 76.

INrnooucrroN
The first occurrenceof matildite in Canada was reported by Ellsworth
(1916)who identified the mineral in ores of the O'Brien Mine, Cobalt,
Ontario. Other reported occurrencesinclude Glacier Gulch, B.C. (Pratt
1931) and the Camsell River Silver Mines, N.W.T. (Thompson,1g5B).
A characteristic feature of matilidite in most of the occurrencesfrom
widely separatedregions of the world is its intergrowth in galena which
form Widmansti.tten-like structures. In the deposits of the Cobalt area
two types of galena-matildite intergrowths were observed. In the first
type matildite occurs as irregular blebs with no systematic orientation in
galena. In the second texture (Walker, 1916) it occurs as oriented
microintergrowths in galena. Thompson reports that one of the more
interesting microscopicfeatures of the ore from the Camsell River Silver
Mines is the fairly abundant galena-matildite ocolution intergrowths
which exhibit a Widmanstiitten texture.
On the other hand, Pratt reports that matildite from Glacier Gulch
is found closely associatedwith tetradymite with apparently no galena.
The identification of matildite from ores of another locality in the
Camsell River Area, N.W.T., is worth mentioning in that matildite
occurs as pure irregular grains in a deposit containing native silver,
native bismuth and Co-Ni arsenidesand in which galena has not been
identified.
rResearch Scientist, Mineralogy Section, Mineral Sciences Division, Mines Branch,
Department of Energy, Mines and Resources,Ottawa, Canada.
2GeologicalSurvey of Canada, Yellowknife, N.W.T.
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The purpose of this paper is to record the occurrenceand to add new
data which have not been previously reported for matildite.
GBNgnar-Dpscmrnon
The matildite locality is on the Camsell River, 4 miles south of its
mouth at Conjuror Bay on Great Bear Lake, and about 35 miles south
of the producing silver mine of Echo Bay Mines at Port Radium. This
location correspondsto latitude 65"36'L4't and longitude 118o06'45".
Silver deposits have been known in the general area for many years.
In 1932 silver was discovered 4 miles upstream on what is generally
known asthe CamsellRiverSilver Minesproperty (Lord, 1951).Thisproperty has been investigated sporadically in both undergroundand surface
workings, and in 1967 some high-grade ore was bagged from surface
workings.
In 1960 the matildite-bearing deposit was investigated by Eldorado
Mining and Refining Limited. Four holes totalling 942 f.eetwere drilled,
with 6 samples from one 10.3-foot section assaying over 20 oz. silver
per ton. Within this section a length of 0.4 ft. assayed 1492 oz. silver
per ton, 9.55% bismuth and 3.16/6 cobalt. In 1967 a total of about
10,000 feet in 31 holes was drilled (by Terra Mining and Exploration
Limited) to test the deposit to a depth of 300 feet.
For the geology and rock types of the area, the reader is referred to
Map 10554',GeologicalSurvey of Canada (Brown, 1958).
The deposit consists of veins within, parallel to, and rarely in crossfractures in, a sheared andesitic tufi and fractured rhyolite formation
within a northwest-striking nearly vertical sequenceof more massive
acidic tuffs and flows. The formation of sheared tuff and fractured
rhyolite is about 50 feet thick and contains disseminated chalcopyrite,
pyrite and pyrrhotite that have weathered to produce a gossan.
The surface exposureof the deposit consistsof a transversevein about
l-4 inches in width, which contains heavy Co-Ni arsenides, coarsely
crystalline native bismuth, matildite, and minor amounts of chalcopyrite
and bismite. Only the arsenidesand native bismuth are megascopically
visible. The main arsenidesin the samplesare safflorite, skutterudite and
rammelsbergiteand the minor onesgersdorffite,pararammelsbergiteand
cobaltite. The matildite is the only silver-bearing mineral in the surface
specimens,although native silver is fairly abundant in drill core. Niccolite
has also been identified.
The matildite occursas large irregular grains measuringup to 500X700
microns in size. These grains are relatively free of inclusionsexcept for a
few small blebs of native bismuth. Replacement ter<turesindicate that
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matildite and native bismuth formed simultaneously and are younger
than the arsenides.
In reflected light matildite is medium grey, and weakly to moderately
anisotropic with colours ranging from light grey to dark grey. The mineral is very brittle and has an uneven fracture.
X-Rev Cnvsrar,r,ocRAprry
Ramdohr (1938) studied matildite in detail and found the low-temperature (B) form, correspondingto natural matildite, to be orthorhombic
with a :8.14, b:7.87, c:5.6g4. Sincethe lattice dimensions
had
been obtained from powder patterns alone, Graham (1951) prepared
single crystals of B-AgBiS2by hydrothermal techniques,and by Weissenberg studies, confirmed an orthorhombic structure. However, the cell
dimensionsthat he obtained were o : 3,gZB,b : 4.054, c : 5.673A.
The two cells are related in the following manner: oq : &pproX. L/2bn
and bo : approx. L/2as. These values explain the powder pattern
better than the dimensionsproposedby Ramdohr, but the indexing was
still not wholly satisfactory. Recently, Geller & Wernick (1959) studied
several ternary semi-conducting compounds with sodium chlorideJike
structures which included AgBiSez and AgBiS2, znd reported that
p-AgBiS2 is hexagonal rather than orthorhombic, with cell elements
a:4.07, c: 19.064.
Since the cell dimensionsof matildite have never beendetermined on
natural material, a small fragment was mounted for single-crystal
precessionstudies. Because of the poor reflections obtained from the
mineral, only zero-level photographswere studied. The films confirm the
hexagonal symmetry but provide evidence that the o dimension of the
CamsellRiver matildite is doublethat reportedby Geller& Wernick, the
newly determinedcell parametersbeing a : 8.22 and c : 19.14A. For
more accurate cell dimensions,the r-ray powder data given in Table 1
were indexed,which yielded values of a : 8.12, c : 19.02A.
The r-ray powder data for natural matildite agreevery well with that
given by Geller & Wernick for synthetic B-AgBiS2,and are more complete than the data publishedby Berry & Thompson (1962)which have
several e>rtraneouslines due to impurities of galena.
Co.rposrrroN
The composition of matildite was determined with a Jeolco electron
probe microanalyzer operated at a gun voltage of 25 kilovolts and a
beam current of 0.1"5microamperes.Metallic silver and bismuth, and
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the following minerals, were usd as standards: cosalite (PbrBirS6),
bismuthinite (BiuSa),aramayoite (Ag(Sb,Bi)Sz),stephanite (AgsSbSa).
The elemental concentrations in the above minerals were calculatd
from their ideal formulae. In addition, absorption correctionswere carried
out according to the modified Philibert-formula (Duncumb & Shields,
1964)using the massabsorption coefficientspublishedby Heinrich (1964).
To determine the homogeneityof the mineral, severalareason different
grains were analyzed and the average number of counts used to derive
the composition. The mineral was consideredto be homogeneous,since
the variation in counts from one spot to the other was less than the
variation e:(pectd from the counting statistics. Other elements looked
for, but not detected, were lead, copper and antimony. Results of the
analysis are given in Table 2.
Based on the unit-cell dimensionsa : 8.L2, c : t9.02 A and com-
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position corresponding to the theoretical formula AgBiS2, the cell
contains twelve formula units giving a calculated density of 6.99.
MrcnonenoNBss
The microhardness of matildite was determined with the aid of a
Leitz Durimet Vickers hardness tester equipped with polarizing filters
and rotating stage. The sample was mounted in araldite and polished
on lead laps with graded diamond abrasives down to 0-2 microns in
diameter. Final buffing was done on a cloth lap with magnesium oxide
paste.
The indentation time for all measurements was kept constant at
25 seconds.
Since the microhardnessof ore minerals can be strongly affectedby the
crystallographic orientation of the mineral, and this was the case for
matildite, the mineral was aligned at maximum extinction and both
diagonals carefully measuredfor each indentation.
Initially, a load of 100g was applied, but excessivefracturing and large
indentations required the load to be decreasedto 50 g and finally to
25 g and 15 g. The majority of the indentations were made with the
latter two loads.
Results of the measurementsare given in Table 3. By averaging the
shortest and longest diagonals, a range of HV values were obtained for
each load. The mean microhardness value is given in brackets. For
matildite, a load of.25 g gave the most satisfactory indentation.
Tasr,B3. MrcnosenoNsssor Meruorts
Load in g

Number of
Identations

15

L2

25

10

50

2

100

2

Range of VHN*
in kg/mm2

53.0-68.0
(60.5)
59. 1-76.3
(67.7)
64.9-85.7
(75.3)
72.714.2
(73.5)

*Vickers hardnessnumber.
Roplncrrvlry
The apparatus used for measuring the reflectivity of matildite was a
Leitz MPE microscope photometer equipped with type FS-9-A photomultiplier tube, two six-volt storage batteries connected in parallel, and
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a Veril 8200 continuous-band interference filter. Silicon was used as a
referencestandard.
The silicon standard wassuppliedby the Commissionof Ore Microscopy
of the International Mineralogical Association and had been calibrated
by the National Physical Laboratory in Great Britain. The reflectivity
yalues for silicon were taken from the NPL report reference N2538,
dated August 22, 1966.
.The sections of matildite were prepared for measurement by the
polishing procedure outlined above for microhardness.To avoid errors
in reflectivity values due to relief of the mineral produced by polishing
on the cloth lap, only the centres of large grains were measured.
The results of the reflectivity measurementsof four standard wavelengths, for five randomly oriented grains, are given in Table 4. Measurements taken at maximum and minimum reflectance on two of these
grains which gave the most pronounced anisotropic effects for the
spectrum from 450 mp to 630 mp are plotted in Fig. 1.
In a recent paper, Cameron (1963) pointed out that the reflectivity of
aruniaxial or biaxial grain in air in normally incident plane-polarized
light is a function of the orientation of the polished section of the grain
with respect to the crystallographic axes and the vibration plane of the
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polarizer. If a mineral is uniaxial, either the lowest or highest reflectivity
values for randomly oriented grains, at a particular wavelength, will be
constant, within the error of measurement,whereasthe other set of values
will vary. The set of constant values representsthe vibration direction of
the ordinary ray (ft,) and the other set of values involve componentsof
the extraordinary ray (R) to varying degreesdepending on orientation.
If the low values are constant and the high values variable, the mineral
is uniaxial positive (fi, < R.).
The values obtained for matildite and plotted in Fig. 1 show that the
low values are nearly the same,while the high values vary. This indicates
that the mineral is uniaxial positive and that it is thus in the hexagonal
or tetragonal system.
The results of the reflectivity measurementsand the single-crystal
photographs obtained in this study, add further support to the work of
Geller & wernick, which shows that matildite is hexagonal rather
than orthorhombic.
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CANADIAN SUMMER SCHOOL FOR QUANTITATIVE
ORE MICROSCOPY
A one-week summer school in quantitative ore microscopy'
sponsored jointly by the Mines Branch of the Department of
Err"tgy, Mines and Resources, and the Geology Department of
the University of Toronto, will be held at the University of
Toronto from Sept. 1 to 5, 1969. Topics covered in this course will
include preparation of polished sections, measurement of reflectivity
and micro-hardness, use of optical rotation properties, evaluation
of mill products, introduction to the electron-probe microanalyzer,
and the application of quantitative ore microscopy to the study o{
ore mineral suites and experimental phase relations.
Lectures will be given, and laboratory sessions supervised, by
an international staff of scientists each of whom is an authority in
his field. Tuition is free: only meals and accommodation will be
charged for. For details, write to:

Dr. E. H. Nickel,
Mineral SciencesDivision,
Mines Branch,
555 Booth Street,
Ottawa 4, Ont.

