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FROM THE STIIIWATER COMPLEX, MONTANA*

LOUIS J. CABRT, TZONG T. CHEN, JOHN M. STEWART &
J. H. GILLES LAFI.AMME

CANMET, Department of Energy, Mines and Resources, 555 Booth Street,
Ottawa, Ontario, KIA OGl

AssrnAcr

Two new Pd-As-Bi minerals from the Stillwater
Complex, Montana, are palladobismutharsenide,
Pd2.sAsn,6Bip.s, and an unnamed minss2l, pdr.rn
Aso.rrBis.26. Palladobismutharsenide is orthorhombic,
Pmcn or P2pn, a 7.504(4), D 18.884(10), c
6.841(7)4; D(calc.)-10.8 g/cms for Z-20, arid
with strongest lines on a poor powder diffraction
pattern of- 2.5 I (9) (O7 1,2 l2), 2.2AL0 . (08 1,023,3 3 1),
and 2.09A(6) (271,350). The unnamed mineral is
hexagonal with diff_raction aspect P6/**c, a
6.625Q), c I9.775(B)L; assuming Z=15, D(calc.)=
7O.7 g/cmt. Strongest powder diffraction lines are
2.33(lO) (1t6,025), 2.L6Q) Q26,t2l), and 1.914(6)
(030). Both minerals are very similar to pallado-
arsenide under reflected light. Palladobismuthar-
senide has baen synthesized.

SorvrMelns

Les deux min6raux de Pd-As-Bi Drovenant du
Complexe Stillwater, au Montana, sont le pallado-
bismuthars6nide, Pdg.oAs..8Bio.2 et un min6ral sans
nom Pdr.enAss.76Bi6.26. Le palladobismuthars6nide
est orthorhombique avec groupe spatial Pmcn ou
P)ncn, a 7.504(4),, 18.884(10), c 6.84tQ)L;
D(calc.)=10.8 pow Z=20i les raies les plus intenses
sur un diagramoe do poudre de m6diocre qualit€
sont:- 2.51(9) (071,212), 2.?2(lO) (081,023,331), et
2.09A(6) (271,350). Ir min6ral sans nom est hexa-
gonal avec a 6,625(3), c L9.775(B)4, et dans
I'aspeot P6*Ec; en, supposant Z=LS, ot a D(calc.)
-70,7. I*s raies de poudre les plus fortes sotrt:
233(10) (116,025), 2.16(7) (o26,rzt), et 1.914(6)
(030). I,es deux min6raux ressemblent beaucoup
au Dalladoarsdnide en lumidre r6fl6chie. I* pallado-
bismuthars6nide a €tE syoth6tis6.

IvrnooucrtoN

During fts eaaminsfion of patladium ar-
senide minerals from the Stillwater Complex,
Montana, two new palladium-bismuth-arsefudw
\rere discovered (Cabri et al. l97S), The min-
erals were initially considered to be bismuthian

l$ine,ral Research Program, Processing Contribu-
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palladoarsenide on the basis of their chemical
composition. Ilowever, the X-ray data of both
minerals are different from those of pallado-
arsenide, and each subsequently proyed to be
a new and distinct species. The new mineral,
palladobismutharsenideEs, Pdz.oAso.8io.z, is
named after its composition; tle other mineral,
Pdr.saAso.reBio.x is unnamed at the moment.

The material for this study came from the
same source as previously described by Cabri
& Laflamms (1974). The minerals \pere found
in heavy-mineral concentrates from the Banded
and Upper zones of tle Stillwaler Complex,
Montana, and ranged in size from approximate-
ly 82x95 to 135x165 microns. They occurred
either as free grains or as grains closely asso-
ciated with palladoarsenide, calcite, and an un-
determined (Pd,Te,Bi) mineral, and they fre-
quently have silicate inclusions. Tbree grains
were identified as palladobismutharcenide,
whereas only one grain of the unnamed min-
eral was found.

Prrysrcer, Pnorr,ntrrs

Palladobismutharsenide is cream-colored and
shows no visible pleochroism under reflected
light in air or under oil immersion. Anisotropism
varies from weak to distinct (or moderate) in
air but is distinct under oil immenion, i.e. the
mineral goes from grey to extinction in air but
polarization effects under oil immsrsi6n y2ry
from grey to extinction, brownish grey, or
brown.

It was possible to compare palladobismuth-
arsenide with palladoarsenide directly in one
case under reflected light. Palladoarsenide in
this association is less anisotropic than pallado-
bismutharsenide, but their reflectances are so
similar that it was impossible to distinguish be-
tween them in plane-polarized light, even under
oil immersion.

**The name and the mineral have been approved
by the Commission on New Minerals and Mineral
Names, I.M-d
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The unnamed Pdls4As0.?sBio.rs minetal is
similal 1o palladobismutharsenide under re-
flected lighL It is cream-colored and shows no
visible pleochroism in air or under eil immgl-
sion though there is a 2,3Vo difference be-
tween maximum and minimum values at 589
nm Cfable 1). Anisotropism is moderate in air
and distinct under oil immersion: the mineral
goes from gFey to extinction in air and from
gxey to greyish brown under oil immersion.- 

ihe reflectance measurements in air with a
silicon standard for four standard wavelengtls,
and the micro-indentation hardness are listed
in Table 1.

TABLE ]. REFLECTANCE AND HICRO.INDENTATION HARDNESS

NEw' PALLADIUM-ARSENIC-BISMUTII MINERALS

(Pd-As-Bl )-nlneral
Range2

54.4  -  58 .9
5 1 . 7  -  5 4 . 5
52.0  -  54 .3
54.4  -  55 .7

formula, PdzAso.eBio.:. The formula requires the
presence of Bi with an As/Bi ratio of aPprox-
imately 4:1. This requirement is confirmed by
the synthetic compound (anal. no. 5 - and 6)
which has a similar composition and the same
symmetry.'the 

analysis (no. 4) of the unnamed mineral
gives Pdr.eaAso.ziBio.za on the basis of total atoms
- :.0. The formula corresponds to Pdrs.o,A86.o
Big.r, indicating an ideal formula of PdraAsdis.
The As/Bi ratio is 3:1.

4Lr

llavel ength
nn

470
546

650

Minimun and nnxlmm values are the mean of two sets of
measurenents on two grains.
As for 1)' but for one grain.
Three rtsasurements.
Seven masurcrEnts on another grain.

X-RIY Dere

The crystals (no. 3 and 4) analyzed by .elec-
tron probe were subsequently studied with. an
X-ray precession camera using MoKa radiatio-n'
The results (Table 3) show that palladobismuth-
arsenide is orthorhombic with space group
either Pmcn or PZtcn with a 7.504(4)' D 18'884
(10) and c 6.841Q)A. The unnamed mineral is
ireiagonal and shows the diffraction aspect

P6/**c, corresponding to space groups P6sl

mmc, PGmc or P62c, with cell dimensions a
6.625Q) and c 1'9.775(13)A. Assuming a density
of approximately 10.8 g/cm', the number of
forrnuia units per cell, Z, is 20 for palladobis-
mutharsenide, @drAso.eBio.z), giving D(calc.)

TABLE 3. CRYSTAL DATA OF NATURAL AI'ID SYI{THETIC ,..,..." --- - - 
PALLAD0BISI4UTHARSENI0E ,ND UllMl'lED (Pd-As-BJ )-MI|IERAL

*'l:f:ftT:ii:::"'*'i*iil::'l3fi1ll,*-o!llif$'*""'

Pal ladobl smutharseni de

_ t
Range

5 J . O  -  t 4 . l

5 2 . 1  -  5 3 . 0
5 J . O  -  t 9 . O

5 5 . 8  -  5 6 . 1

Mi cm- ldentatlan
hardness(kglmz)
vHNzss

+zg (szs - coet?
4so (429 - 483)a

Cnslvttcer- CovrP osrrtor

Electron probe analyses of palladobismutl-
arsenide and the unnamed mineral were per-
formed at 25 kV using synthetic PdaAs, PdSb,
PdTe, PtSn, HgS and metallic Bi, Rh, Ni and
Ag as standards. The X-ray intensrty!9q yrfe
processed by the computer programr !!S{DR
VII, of Rucklidge & Gasparrini (1969). The
results are compared with those of the synthetic
Pd-As-Bi compound in Table 2.

On the basG of total atoms - 3.0, the anal-
yses (no. 1-3) of palladobismutharsenide were
calculated to PdttoAso.rrBio.no, Pdr.etAso.s0Bio,r
and Pdr.ooAso.e0Bio.ro, corresponding to the ideal

TAELE 2. ELECTRON PROBE AMLYSES* OF MTURAL 4M SYNIHFTIC
paLt,loOgtSmUIHARsEiltDt' Ai0 Ut'lNAHeO (pa-{s+i)-UtNrML.

10.8 g/cm". Assuming Z=t5 for the unnamed
minerat (Pdr.snAso.r8Lr"), D(calc.) is 10.7 g/cm3'

Ganddlfi X-ray powder diffraction patterns
of palladobismutharsenide are of poor quality
and only a few lines can be observed even on
the filnos taken with a 57.3 mm cdinera. How-
ever, the Gandolli pattern for the unnamed
mineral is of good quality. The patterns were
indexed using the strong reflections observed
on the single-crystal photographs. The results
are comparid witl the synthetic equivalent of
palladobismutharsenide in Table 4. The sPacings
?and relative intensities) of the strongest lines of
ihe unnamed mineral are 2.33(10), 2.16Q), and
1.9 1(6) whereas those for palladobismutharsenide
are 2.51(9), 2.22(10), and 2.09(0.

SyNrnsTrc Pdr.ezAso.eoBio.lg AND PdrAs

Charges with bulk composition PdgAso.Sto.a
w"r" pt-"pat"d from hig$-purity elements, sealed

Space
eioup P@,Pzr@

a A 7 .504 (4 )

, 18.884 (.|0)

a  6 .841 (7 )

Pna,P21a PQ/meeP6xna"P62e

7.467 (4 )  e .625 (3 )

18 .946 (12)

6 .797 (5 )  19 .775 (13)

uelght Percent
Anal
no. Pd As Bl

' I  67 .3  l9 . l  13 .4

2  66 .7  18 .9  13 .5

3** c7.0 18.9 
',13.1

1t* 63.7 18.0 18.0

5* '  f5 .8  19 .1  14 .9

6  e5 .9  18 .9  14 .7

Atmlc pmportl ons

Pd As Bl

1 .99  0 .8 r  0 .20

1.99  0 .80  0 .2 ' l

2 .00  0 .80  0 .20

] .94  0 .78  0 .25

1.97  0 .80  0 .23

1.97  0 .81  0 .22

t o t a  I

99.r
o o n

99.7
100.8

' l -3 
Dal ladobls@tharsenldei 4 unnmd (Pd'As'Bl )-nlreral  ;

5-5 lynthet lc (at 485"c) pal ladoblwthaEenlde.- 
i iit'er elmdnts searchbd for, but not detected: Pt'cu'Au'sb'

Tc. l l l ,Sn,Ag' and H9.
d Graln x-rBted rlth precesslon and pwder cmras.



IABLE 4. I-RAY POIdDER DIFFMCTION DATA

Synthetlcl

ro't. g/to.eoBlo.zs

Pal l rdo- .
bls@tharsenldez
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Cu(d  rad la t ton  ( l  - l .54 ldJ : f t  I  t ia - l
m-candolf{ carera; (l)rrq.o nil Grn;;,H 3i,l l i ;f 'n""rer 

carerai(2J s7.3
'  rne  lnEns l t les  fo r  th ls  re f lec i lon  are  no t  un l fom. rpa i tn .  d ro !+ . -;;ri;fii,ilii"":;""i;""$,ffi1#: are noi unrfom ffeafi ns sreater

For unnamed mlnerat road 2.252 Instead ot 2.242.

I data than those of palladobismutharsenide.
I though- the two patterns are similar. ffts highsl

resolution of the pattern is attributable to the use
of. a 11,4.6 mm Debye-Scherrer camera and also
to the long annealing period. The relative in-
tensities of the lines in the two patterns are
approximately the same if account is taken of
the overlap of lines in the smaller fiftn.

Saini er al. (1964) reported that below 455'C
synthetic P&As (a-form) is monoclini c, P2/ m,
w'rth a 9.24, b 8.47, c lO.45A, and 6 94"; above
455"C, the phase (p-form) is hexagonal ,'p62m,
w!!h a 6.650, and c 3.5834 The X-ray powder
diffraction data of these two forms [with strong
lines: 2.605 (64), 2.352(St), 2.305 (St), 2.2t6
(100) and 2.149 (1,O0) for q-pdzAs; 2.423 e}q,
2;235-(8O),_2.168 (80), t.9t3 (64) and 1.238
(80) for B-Pd,Asl are different'from thosJ of
synthetic Pdr.rzAso.eoBio.rr, of palladobismuth-
arsenide, and of the unnamed mineral.

Instead of monoclinic symmetry, Belz &
Schubert (1969) reported that a-pdrAs is ortho-
rhombic, Cmc2t, a 3.25, b L6.84, and c 6.5gA.
The X-ray powder diffraction daia of this phase
are srmrar to those given by Saini er al. (1964).

Rsratro MlNrners

Begizov et al, (1974) reported a new mineral,
palladoarsenide, with formula @dr.asAgo.o,
Au-o.o:)>r.saAsr.oo, from the Oktyabr depJsit,
U.S.S.R. The mineral was described as the low-
temperature polymorph (a-form) of pdrAs re-
ported by Saini et al. (1964) due to the similaritv
of their X-ray powder diffraction pattern. The
chemical formula of this mineral is recalculated
to (Pdr.ezA&.0eAu6.62)5r."r[sr.oz" whish is closer
to that of palladobismutharsenide than to the
unnamed mineral Pdr.rnAso.reBio:e, except that
the former minslnt contains no Bi. Tte X-ray
powder diffraction data of palladoarsenide are
different from those of pallidobismutharsenide
and of tle unna-ed mineral.

- - Razin et al. (1973) reported ,,palladium sti-
biostannoarsenide", Pd2a, (As, Sn, Sb), from
t}te Talnakh deposit, U.S.S.R. The composition
P.{z.oao(Aso.aerSno.aoSbo.rnr)>r.*0, deparis sig-
nificantly from the ratio )pd/l(As, Bi)
2:I for palladobismutharsenide, or 1.8:1 foi the
unnamed mineral. The reported X-ray powder
diffraction data are similar to tlose of ihi palla-
$o1ry9gde- reported by Begizov et at. (f9741,
but differ from those of palladobismutharsenide
and t}te unnamed mineral.

It is concluded that the structure of
PdrAso.eBio.g is different from that of pdzAs and
that the presence of Bi in the crystal structure
must be essential for palladobismutharsenide
and for the unnamed mineral.

Unn@d
(Pd-rs-81 ) - t t lneralr
Stl l l@ter Conp l er

dcatc 4eas rest dcalc 4reas rest lest

I
2
I

't0

7

hk l  ds lc  dwas
' l l 2  

3 . t 4 1  3 . 1 4 4
0 2 2  2 . 7 5 5  ^ - - -
t l 4  2 . 7 4 2 . . t 5 .
023 2 .630 2 .663
t t 6  2 . 3 3 6 1 ^ ^ _ ^
o 2 s  z 3 z z J . . " " u
0 2 6  2 . 1 6 4 r ^ - - -
I  Z  I  2 . l 5 6 i . . r o l
0 . 0 . 1 0  1 . 9 7 8 ' 1 . 9 7 6
0 3 0  t . 9 t 2  l . 9 t o
0 .0 . t2  1 .648 1 .648
r 3 0  t . 5 9 1  1 . 5 9 0
2 2 6  r . 4 8 0  l . 4 a l
1 .2 .11  1 ,384 1 .384
0 . 3 . 1 0  1 . 3 7 5  1 . 3 7 5
1 4 0  1 . 2 5 2  1 . 2 5 1

0 3 2
2 3 1
0 4 2
2 4 1
t 6 l
1 4 2
0 7 1
2 1 2
2 5 1
3 l 0
l 7 l

0 8 1
0 2 3

l l 3
l 8 l
0 3 3
2 7 1
3 5 0
0 4 3
r  9 0
0 9 1
0 5 3
2 4 1
0 . 1 0 . 0
4 0 0
0 . 1 0 . 1
1 .  t  0 . 1
0 2 4

2 6 3
4 2 2
4 3 2
4 4 2
2 . l l . t
2 .10 ,2
0 .  I  0 .3
2 .12 .1
3 . 1 1 . 0
3 0 4

0 . 1  1 . 3

0 .14 .0
2.12.2
0 . 1 4 . 1

5 4 2
0.12 .3
5 7 1

6 0 0
5 9 0
0 . 1 1 . 4

2 .W6

2.692
2.674
2.590

2.491
2.477\
2.4@l
2.383
2,269

z.zul
2.1921
2.1541
2.1421
2. t33
2.0861
2.Wot
2.U4
2.t26

2 . 5
2.917

2.680
2.590
2.507
2.M5
2.452
?.380
2.264
2.232
2.195

2.148
2.127
2.@3
?.u2
2.025
2.007
1.94{}
1 .922
1.894
1.863

2.699t ̂ -^-
2 .6721 ' 'w l
2.599 2.596
2.5101 ^  -^ -
2 .sos1 z ' ruc

I z.:eo z.reo :
12.280 2,276 1r,
| 2,231)
)2 .2 t71  2 ,224 10
12.201t

l;.1;) ,.'" ,',
j i :S31,.*, o

j 
2.006 2.006 |

I r.876 1.880 4
|  1 .820 I  .824 L
t . t e s  t , 1 6 8  i

I

I
J  1 .621 r .623 1

2 .011
I .945
1 . 9 1 9
1.895
1 .867

1.3271
I szll
1 . 3 t 4
1 .295
1 . M
1.24/'1
1.244f
r .218
t . 2 1 0

I .339
1.326
1 . 3 1 4
1.296
I .281
1.245
l .?18
1.209

in,,e-vacuated silica-glass tubes, and heated at
710"C for four days. The charges were subse_
quently 

_subjected to repeated grinding, pelletiza-
l9l ?od re-annealing at 485oC for a period of
277 days. The quenched products were^analvzed
by electron probe, and gave compositions, two
gf" wlich are given in Table 2, ranging from
Pdr.srAso.r0Bio.z" to Pdr.oAso."rBro.r, for 

-thJ 
maior

phase (ap-ploximately 95%). The minor phases
consist of Pds.Asz and pd:"As. Under reiected
Iight the major phase is cream-colored. shows
no visible pleochroism, and is distinctlv to
strongly anisotropic in air. X-ray single-crvstal
studies_ (Table 3) confirmed that the major
phase Pdr.ozAso.aoBio.ss is the synthetic equivalint
of palladobismutharsenide. This synthetic phase
also has the space group synmltry rmin or
P2rcn, with a 7.467(4), b-t5.946(tq and c
6.797(flL The X-ray powder diffracrion par-
tern ot this phase (Table 4), gives more detailed
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Because only one grain of fte nnnarned min-

eral was found, and because no synthetic experi-
ments were nade, it is considered premature to
propose a new name for this mineral. It would
be freferable to establish experimentally,-or-by
stuiying numerous natural occurrences, whether
this mineral has a fixed composition or whether
a range of compositions is permitted by its
crystal structure.

PnsssnverroN or TYPS MerenlAr-

Single grains of palladobismutharsenide,
mounted in polished sections, are pre$erved at
the Royal Ontario Museum, Toronto, M342Lg
(anal. no. 1, Table 2) and at the U.S. National
Museum. Smithsonian Institution, lVaghington,
D.C., NMNH#854A7 (anal. no. 2, Table 2).
Single grains of palladobismutharsenide and of
the unnamed mineral, mounted on glass fibres,
are preserved in the Crystal Structure Labora-
tory, CANMET.
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