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Alsrnecr

S,udburyite is a newly discovered and characterized
mineral with the ideal composition PdSb. Composi-
tioris, obtained by microprobe analysis, range from
near the end-rnember PdSb to nickeloan varieties,
The mineral is hexagonal with the u:rit cell a 4.06(2),
c 5.59(2)4. A pattern free of impwity lina could
not be obtained for the mineral. The strongest lines
on the r-ray powder pattern of synthetic PdSb are
2.98(7), 218(10), 2.03(7), r.202(8), 0.9006(7),
0.8237(9), and 0.7790(10).

Sudburyite occurs as small, often elongated, inclu-
sions (18 x 100 microns or less), most frequently in
cobaltite or maucherite. Under rellected lighq in air,
for compositions nearest PdSb, it is white wiih a
yellow tin! shows no bireflectancg and is weakly.to
moderately anisotropic; in oil, it is pale yelloq shows
no bheflectance, and is moderately anisotropiq with
mlours light greyish yellow and dark greyish brown
For compositions richer in nickel, it is distinctly pale
to light yellow and the anisotropism is moderate to
distinct. Reflectances were measured for four grains
with different compositions. Single micro-indentation
hardness measurements on tq/o grains gave VHN26 =
281 and YHN2' = $ll.

An analysis is recorded of ni&el-bearing antimonian
michenerite that contains the highest antimony con-
tent so far repcrted for this mineral.

Imnopucrrow

The new mineral sudburyite was discovered
during a detailed study of the mineralogy and
distribution of the platinum-group elements
(PC-elements) in the Sudbury area deposits.
Earlier studies have shown that palladium is
present in ,at least four minerals - palladian
melonite, (Ni,Pd,Pt) (Te,Bi)z ;  (Ruckl idge
1969) ; michenerite, PdBiTe; frooditg PdBiz ;
and unnamed mineral Pd(Te,Sb,Bi) (Cabti et
al. 1973). Sudburyite is but one of several other
palladium-bearing minerals present in these ores
(Cabri 1974) and more ortensive data will .be
reported on completion of detailed studies. The
name sudburyite and the mineral datd were
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approved by the Commission on New Minerals
and Mineral Names, IMA. A polished section
containing sudburyite is preserved in the Royal
Ontario Museum (M32841).

Marrnral aND METHoD oF IIIvESTIGATIoN

Srldburyite was first observed in a sample from
the Frood mine, but the grain v/as too small for
complete characterization. A sample from the
Copper Cliff South mine contained numerous
and larger grains of this mineral, and has per-
mitted characterization of the new species. The
Copper Cliff South mine is a newly developed
mine of The International Nickel Company Ltd.
along the Copper Cliff offset, south of the
Creighton fault. The grains were concentrated
by making gravity separations of sized fractions
with separatory funnels (2.96 liquid) and with
an elutriating tube (3.33 liquid). The samples
wexe mounted in cold-setting plastig polished
on lead laps, and lightly buffed on a cloth lap
using minus 0.05-p alumina. The reflectance
values were obtained with reference to a silicon
standard N 2538.42 calibrated by the National
Physical Laboratory, United Kingdom, using a
16.5:1 objective of 0.40 numerical apertrre on
areas varying between six and ten microns
square. The micro-indentation hardness was
measrued with a Leitz Durimet tester. X-ray
diffraction powder data were obtained by the
film method using 57.3 and 114.6-mm Gandolfi
and Debye-Scherrer carneras. Film shrinkage
corrections were applied and the unit-cell pa-
rameters were refined by a least-squares computer
program PARAM (Stewart et al. 1972) (using
2A r"a 14 reflections for synthetic PdSb and sud-
buryite, lespectively) .

The compositions were determined using a
Materials Analysis Cornpany Model 400 electron
probe microanalyser, operated at 25 kv and with
a specimen current of'about 0.03 micro-amperes.
The following x-ray lines and standards were
used: Pdl.cr, SbLq, (qynthetic PdSb) ; PdLo,
Bilo, TeLo (sfntletic PdBiTe) ; AsKo (Vn-
thetic PdaAse) ; NiKo (pure metal.) Corrections
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to these x-ray data were applied with the EM-
PADR VII computer program of Rucklidge &
Gasparrini (1969). PdSb was synthesized by
direct combination of the elements ; by heating
this polycrystalline material above the melting
point, followed by slow cooling using tJre Bridg-
man method, a single-crystal boule was also
produced.

Or:rcar, Puysrcar arvo CusMrcAr PnopsnrrEs
Sudburyite

Under reflected light, in air, for compositions
nearest PdSb, sudburyite is white with a yellow
tint, shows no bireflectance and is weaklv ro
moderately ani:otropic. Under oil immersion the
mineral is pale yellow in colour, shows no bire-
flectancg and is moderately anisotropig with
colours light greyish yellow and dark $eyish
brown. For the more Ni-rich compositions. sud-
buryite is distinctly pale to light yellow and
the anisotropisrn varies, under oil, from moderate
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T/181E l. REFLECTAIiCE MEASUREMENTS 0N SUDBURYITE, IN AIR

to distinct. The grain having the most Ni-rich
composition (Analysis 6) had a distinct brownish
cast and it is not certain if this grain has the
sudburyite structure.

Reflectance measurements were made on four
grains at the standard wavelengths 470, 546, 589,
and 650 nm, but the values obtained at 650 nm
will not be reported because they are not con-
sidered reliable. The very small area on which
the reflectance was measured unduly influences
the relatively low signal to the photosensing tube
for that wavelength. The mean and range of
four separate refletance measurerrents are re-
ported in Table I. Rg' is larger for the more
Ni-poor compositions but the effect of the other
minor elements, if ann is unknown. Only two
successful micro.indentation hardness measure-
ments were made. One was for the grain whose
composition is given as Analysis No. 5 (Table 2)
where VHNzo: 281, and the other (Analysis
No. 8, Table 2) had VHNzr:311. This sug-
gests that the Ni-content may affect the VHN

Anal  .
l.io.

4

Pd:N i  Rp '

0 . 9 1 : 0 . 0 9  5 5 . 1
(54 .4-5s .  B)

0 .72 t0 .24  54 .4
(53 .3-5s .7)

Rp '  R9 '

58 .0  62 .8
(57 .0-59 .5)  (62 .3-63 ,7)

Rp '  Rg '

6 0 . 1  6 5 . 4
\ r v . r - o r . l /  ( o c . 5 - o b r / ,

57 .9  61 .7
(57 . r -58 .8)  (60 .5-63 .7)

0 1 . 5  o a . t
(60 .5-62 .3)  (61 .7-63 .3)

J / . O  O Z . J

(56 .2-5e .6)  (60 .8-63 .8)

m

R9'

59. B
(58 .9-60 .5)

3  .  0 . 7 1  : 0 . 2 9  5 5 . 9
(54 .8-57 .  I  )

6  0 .63 :0 .37  53 .5
(53 . .1  _54.1  )

57,7 56.2 59.7
(56 . r -5e .8)  (55 .2-57 .1)  (58 .0-61 .4)

57.5 59.2 60.7
(56 .8-58 .7)  (58 .1-59 .9)  (59 .9-6 i . t )

5B.8  55 .4  59 .9
(53 .4-59 .4)  (54 .6-56 .7)  (s8 .4-61 .0)

TABLE 2, ELECTROII I.IICROPROBE AIIALYSES OF SUDBURYITE '.IID I.IICHENERITE

Elerents lJelght Per cent At@ic Proport lons

I, l ineral*, Pd NJ sb
dlnenslons I
assocl ation*
'1. 33x38!m 45,2 1.06 52,A

co.cp,sa (44.8-45.5) (1.02-1.12) (52.4-53.2)

2, 33x38$ 36.1 7.6 55.5
nau,cp ,9a  (35 .6-36 .7)  (7 .1 -7 .9 )  (55 .4-55 .7)

3. 18x100!n 36.1 8.0 55.2
nau (35 .5-36 .8)  (7 .7 -8 .1 )  (54 .5-55 .7)

4, 27x7hn 41.9 2.18 49.6
co,br .cp  (4 '1 .2 -42 .9)  (1 .96-2 ,43)  (48 .5-5 t .2 )

5. 27r27fi 34.8 8.7 56.2
mau,ga (33.7-35.0) 18.2-9.2) (56.0-56.5)

6. 25x98!n 3l.l 10.3 57.7
co ,br  129.2-33 .2)  (8 .7 - i l .6 )  (56 .s -59 .3)

7. 25x8!m 40.8 3.2 51.3
c o , b r  ( 4 0 . 6 - 4 0 . 9 )  ( 3 . 1 - 3 . 5 )  ( s I . 0 - 5 2 . 1 )

8. 38x38N 35.5 7.8 55.5
nau (34 .4-36 .4)  (6 .9 -8 .4 )  (55 .2-5s .9)

9. 12\24|0 44.4** 0.53 45.3
n l , c o

10. 21x32!n 44.4** 0.48 49.6
co

l l. 28x32!0 23.&!** 0.6 5.4
cp

0.96  0 .04  l , r0  0 .98  0 .01  0 .002 0 .06  1 ,05

0.72  0 ,28  1 .a0  0 .97  0 .01  0 .01  0 .02  1 .0J

l o & l

101.70

r  01 .47

101.78

'102.18

'101.60

100.44

'101.20

99.3r

98 .73

98.80

TeN I

0.53  0 .07  2 ,04

0,77  0 .79  0 ,71

0.60  0 ,42  1 .06

5.4  0 . t4  0 .03

0.84  0 ,68  0 .96

0.75  1 .13  0 .62

4 . 5  0 . 1 2  0 . 5 2

0.76  0 .84  0 .80

0.71  0 .?9  1 ,00  0 .95  0 .01  0 .01  0 .03

0.91 0.09 1.00 0.95 0.06 0.002 ----

0 .69  0 .31  1 ,00  0 ,97  0 .01  0 .01  0 .03

0.63  0 .37  1 .00  1 .O1 0 .01  0 ,02  0 ,02

0.S 0 .12  1 .oo  0 .96  0 .05  0 .002 0 .02

0.72  0 .28  1 ,aa  0 .98  0 .01  0 .01  0 .02

r , 0 0

1 . 0 1 2

1 . 0 2

L A 6

1 . 0  3 2

1 . 0 2

29.9

0.88

0.98  0 .02  1 ,00  0 .87  0 .04  0 .07  0 .06  1 .04

0.98  0 ,02  1 ,0a  0 .96  0 .03  0 .002 0 .03  1 .02

0.95  0 .05  1 ,0a  0 . t9  0 .80  1 .00  1 .99

terr lJo 1l  imicnemlte.-
* Abrevlat lons enployed: co'cobaltJte, cp'chal@pyrl te,  ga"galena, mau-maucherl te,  bFbrel thaupt l te,  nJ.nJckel lne.
H* l lo slgnl f lcant var iat lon observed for any elenent.
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values but the paucity of data does not permit
any firm conclusion.

Sudburyite occurs as small, often elongated,
inclusions which are found most frequently in
cobaltite or maucherite. (Fig. 1). It is also a:so-
ciated with breithauptite, galena, nickeline, and
chalcopyrite (Fig. 2). Other minerals present in
the sample were pentlandite, pyrrhotite and
michenerite. The longest grain was 18 X 100
microns and the smallest were one micron or
less in diameter.

Frc. l. Typical elongated inclusion of sudburyite
(white), with two micro-indentations, in mauche-
r-te. The smaller sudburyite inclusion, near the
cdge of the maucherite, fractured on making a
micro-indentation test.

Frc. 2. Cobaltite with inclusions of nickeline con-
taining an inclusion of sudburyite (white). The

composition of this sudburyite grain is given as
Ana'ysis No. 9.

Ten microprobe analyses of sudburyite are
reported in Table 2; each analysis v/as obtained
from five to six spot analyses per element. Ol
the ten analyses listed, it is not certain that
Analysis No. 6 is of a phase vdth the sud-
buryite structure. Thls grain has the highest
nickel content and is distinctly brownish when
compared to the closely associated sudburyite
with less nickel (Analysis No. 7). The inter-
growth of these two phases is shown in Figure 3.
The range of compositions between the lowest
nickel-bearing compoaition (Analysis No. 10)
and that of nickeloan sudburyite may be express-
ed as (Pdo.eaNio.oz) (Sbo.soBio.o&Aso.og)> = t.o,
to (Pdo.eaNro.s7) (Sb1.61Bio.orAso.oeTeo.or) > = r.oo.
Because the analyzed grains invariably occurred
as inclusions in arsenic-rich minerals and be-
cause the mcle sum of Sb*Bi*Te*As is above
1.00 for nine of the ten analyses, it was consi-
dered po:sible tliat some of the arsenic content
li,as due to the ho:t mineral, A re-consideration
of the operating conditions and procedures erl-
ployed during analysis have led the authors to
believc that the bulk of the arsenic detected is
not due to the host mineral but must be present
in the sudburyite grains themselves.

Three grains (Analyses 1, 3 and 4) were re'
moved lor x-ray powder diffraction but all gave
powder pattems contaminated by &" host min-
eral(s). A maucherite grain containing nwnerous
sudburvite inclusions was then extracted from a
polished section and treated with nitric acid to

S-,: : ;':i#. a : 9,+i: ;**
t;;fli Sf;$.,l.Y*;:;

Frc. 3. Twinned mbaltite with a complor inclusion.
The white area is sudburyite having a relatively
low Ni content (Analysis No. 7), and the en-
closed darker phase is sudburyite(?) with the high
Ni content (Analysis No. 6). The darker areas
near the sudburyite-cobaltite boundary are breith-
hauptite. Partly crossed nicols.
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dissolve the maucherite. After washing and drv-
ing the residue of small particles wai mounted
on a glass fibre and r-rayed using a Gandolfi
camera. The results in Table 3 show that the
sample still contained impurities of both mauche-
rite and cobaltitg as well as a third. but un-
known, impurity which has a fairly tttotrg r*
flection at 3.214. It is, therefore, diffilult to itake
use of the strongest reflections in characterizing
the r-ray pattern beciruse of superposition of some
reflections by those of the impurities.

Thomassen ( 1928) proposed that PdSb has the
hexagonal NiAs structure and this was confirmed
by Pratt et al. (1968) who gave unit-cell di-
mensions a 4.076(l) c 5.591(1). The unit-cell
of sudburyite was successfully indexed with di-
mensiols a 4.A6Q) c 5.59(2), which compare
favowably with the unit-cell that we obtained
for_ synthetic PdSb a 4.079(3) c 5.582(3) and
with the values reported by Thomasse; and
Ptatt et aI. The qfmmetry for qynthetic pdSb
was also qrnfirmed by the precession method.
The x-ray powder pattern data for s5rntletic
PdSb are given in Table 3 for comparison with
sudburyite and also because the data are not

TABLE 3, X-RAY DIFFMCTIOI.I DATA FOR SUDBURYITE AND SYNII{ETIC PdSb

Sudburyitel Swrtheilc pdSb2
a-4 .06(2)  d5 .59(2)  a .4 . -079(3)  d5 .5s7(3)

. r  d (meas. )  d (ca ]c . )  hk t ,  r  d (meas. )  d (ca lc . )
]00  2  3 .5  3 .53

listed in the 1972 Inorganic Powder Diffraction
file of the J.C.P.D.S. The measured density of
slmthetic PdSb is 9.37 g/cm3. For Z:\ the cal-
culated density of synthetic PdSb is 9.41 glcm8.

Michenerite
Michenerite was recently redefined from the

O?e area as PdBiTe (Cabri et aI. 1973), ar.d
was shown to contain nil to 3.3 wI% Sb re-
placing Bi. The analysis listed in Table 2 is of
the only grain of michenerite found in this sam-
ple and is notable for its higher Sb content, as
uell as being the first recorded instance of a
nickel-bearing variety. The formula corresponds
to (Pdo.orl\trio.oo) (Bio.aoSbo.rs)Ter.oo ; this grain
may be described as nickel-bearing antimonian
michenerite

Sumuanv

Sudburyite is characterized as a new mineral
species with ideal end member PdSb and has
hexagonal symmetry with the NiAs structure.
Nickel replaces the palladium in amounts up to
about 8.7 wtl6, possibly, even 10.3 wtlo, and
appears to influence the reflectance. The com-
positional variations may also influence VHN
values. Minor amounts of bismuth, arsenig and
tellurium replace the antimony. Sudburyite
occurs as inclusions in either zulpharsenides or
arsenides, and is also closely associated with
breithauptite, galena, nickeling and chalcopyrite.

Although we do not present quantitative data,
this is the first report of the occurrence of
breithauptite in the Sudbury ores. The first ana-
lysis of a niclcel-bearing antimonian michenerite
is also recorded.
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