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ABSTRACT

Phase relations in the system Pd-Sb-Te were inves-
tigated at 1000", 800', and 600"C, using the sealed-cap-
sule technique; the quenched products were studied by
reflected light microscopy, X-ray diffraction, and
electron-microprobe analysis. At 1000"C, the solid phases
Pd, PdzoSbr, PdeSbl, PdrrSbrz, and PdsSbz are stable
with a liquid phase that occupies most of the isothermal
diagram. Additional solid phases at 800"C are: PdsSbr,
PdSb, PdaTel, PdzTe:, and a continuous PdzoTer -
PdzoSbz solid solution. At 600"C, PdSbz, PdrzTe+,
PdgTea, PdTe, PdTez, SbzTer, and Sb and continuous
PdSb - PdTe and PdTe - PdTez solid solutions are stable.
All the solid phases exhibit solid solution, mainly by
substitution between Sb and Te to an extent that varies
with temperature of formation. The maximum substitu-
tion (at.9o) of Te for Sb in the Pd-Sb phases is: 44.3 in
PdaSbr, 52.0 in PdrrSbn, 46.2 it PdsSbz at 800'C; 15.3
in PdsSbt, 68.3 in PdSbz at 600"C. The maximum
substitution (at.9o) of Sb for Te in the Pd-Te phases is
34.5 in PdsTer at 800oC, and 41.6 in PdzTer,5.2 in
PdrzTea, 12.4 in PdsTea, and l9.l in PdTez at 600'C.
X-ray powder-diffraction data show the synthetic PdSbz
phase to be cubic, probably with space group P2r3.
Testibiopalladite, ideally PdSbTe, may be a member of
the PdSbz - Pd(Sbo.lzTeo.ee)z solid-solution series.
Borovskite (PdsSbTeq) has not been found in the synthetic
system in the temperature range 1000 - 600'C.

Keywords: phase relations, system Pd-Sb-Te, phase
diagrams, 1000", 800", 600"C, palladium minerals,
solid solution.
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Sovvalnr

Nous avons 6tudi6 les relations de phases dans le
systbme Pd-Sb-Te e 1000", 800' et 600"C au moyen de
tubes scell6s; les produits de synthdse ont 6t6 6tudi6s en
lumibre r6fl6chie, par diffraction X, et par analyse d la
microsonde 6lectronique. A 1000'C, les phases solides
Pd, Pd2osb7, Pd8Sb3, Pd3rsbl2 et PdrSb2 coexistent avec
une phaie liquide qui occupe la plupart du diagramme
isothermal. A 800oC, les phases suivantes viennent
s'ajouter aux pr6c6dentes: Pd5Sb3, PdSb' Pd6Te3'
Pd7Te3, et une solution solide entre Pd2sTg et Pd2eSb7.
A 600'C, PdSb2, Pd17Tea, PdeTea, PdTe, PdTg' Sb2Te3,
Sb, et les solutions solides continues entre PdSb et PdTe
et entre PdTe et PdTe2 sont stables. Toutes ces phases
sont en fait des solutions solides impliquant surtout une
substitution (Sb,Te) qui d6pend de la temp6rature.
L'6tendue maximale de la substitution du Te au Sb dans
les phases d Pd-Sb (en 90, base atomique) est 44.3 dans
Pd8Sb3, 52.0 dans Pd31Sb12, 46.2 dans PdJSb2 e 800'C'
er 15.3 dans Pd5Sb3 et 68.3 dans PdSb2 e 600'c.
L'6tendue maximale de la substitution de Sb au Te dans
les phases Pd-Te (en 9o) est 34.5 dans PdsTe3 a 800'C'
et 41.6 dans Pd7Te3, 5.2 dans Pd17Te4, 12.4 dans PdeTea'
et l9.l dans PdTe2 ir 600oC. Des donn6es de diffraction
X sur poudres montrent que le PdSb2 synthdtique est
cubique, et correspond probablement au groupe spatial
P2p. La testibiopalladite, de formule id6ale PdSbTe'
pourrait appartenir i la solution solide PdSb2 -

Pd(Sbe.32Teq.6s)2. Nous n'avons pas r€ussi d synth6tiser
la borovikite Pd3SbTea dans I'intervalle 1000 - 600'C.

(Traduit par la R6daction)

Mots-clds: relations de phases, systbme Pd-Sb-Te'
diagrammes de phase, min6raux de palladium' solu-
tion solide.
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INtnopucttoN

The phase relations in the system Pd-Sb-Te ar
400oC were reported by El-Boragy & Schuben
(1971). Their phase diagram, the only one for the
system in the literature, shows equilibria among the
phases known in the related binary systems. Later,
phases and phase relations along the bounding
binary joins were re-investigated by many inves-
tigators, as summarized below.

For the system Pd-Sb, Pd3Sb, first reported by
Sander (1912) and shown in the Pd-Sb join of the
Pd-Sb-Te diagram of El-Boragy & Schuberr, was
found to have a Pd:Sb ratio of 2.9:,1 (Cabri et at.
1975), and its formula was revised to pdrosb,
(Wopersnow & Schubert 1977). The existence of
Pd2osb7, pd8sb3, pd3lsb12, pd5sb2, pd5sb3, pd2sb,
PdSb and PdSb, was confirmed in the preliminary
stages of this study.

For the phases in the system Pd-Te, the formula
of the earlier-reported phases, PdoTe, pdrTe, and
PdrTe, was revised to Pd,TTea (Kim el at. 1990),
Pd26Tg (Wopersnow & Schubert 1977) and pdeTeo
(Matkovii & Schubert 1978), respectively. The
system also includes two new phases, PdrTe3 (Cabri
et al. 1979) and Pd7Te3 (Kim el a/. 1990), which
were not shown on the Pd-Te join of the pd-Sb-Te
diagram of El-Boragy & Schubert (1971\. Km et
al. (1990) reported eight phases to exist in rhe
system Pd-Te, namely: Pd17Tea, pdrTer, pdrTe3,
Pd7Te3, PdrTeo, Pd3Tq, PdTe, and PdTe2. pd5Te2
of Grdnvold & Rdst (1956) was not found by Kim
et al. (1990), who considered it a mixture of pdrTe3
and PdrTe3.

The phase relations in the system Sb-Te remain
unclear. Hansen & Anderko (1958) reported only
one intermediate phase, Sb2Te3, in the system.
Later, Abrikosov et al. (1959) proposed two
additional phases, B and 7, that exist in the range
0 - 60 at.olo Te. Brown & Lewis (1962) suggested
a phase (6) with a homogeneity range from l l to
60 at.tlo Te, and proposed that the B and 7 phases
of Abrikosov et al, may have been products of
nonequilibrium. Kim & Chao (1990) reconfirmed
the existence of SbrTer. Below 520"C, they also
found a problematic phase, related to the 6 phase
of Brown & Lewis (1962), whose compositional
limit on the Sb-rich side is 12 - 13 at.Vo Te, and
is uncertain on the Te-side owing to failure in
obtaining equilibrium assemblages.

The phase relations in the system pd-Sb-Te
merit re-investigation on the grounds that (l) the
system is now known to include at least 17 binary
phases, and (2) approximately40go ofthose phases
are known to have natural equivalents, and
substitution between Sb and Te is common in them.

Because palladium antimonides and tellurides

are found in mineral assemblages of early crystal-
lization from magma as well as in late-stage
hydrothermal environments, the present investiga-
tion covers phase relations in the system Pd-Sb-Te
at 1000, 800, and 600'C. According to the binary
phase diagrams of Pd-Sb (Hansen & Anderko
1958, Wopersnow & Schubert 1977, Kim & Chao
1990), Pd-Te (Kim et al. 1990) and Sb-Te (Hansen
& Anderko 1958, Abrikosov et al. 1959, Brown &
Lewis 1962), only solid phases are stable below
400oC, implying that the ternary phase relations of
the system Pd-Sb-Te below 400"C would be
essentially the same as those at 400"C, as
established by El-Boragy & Schubert (1971).

ExppntmrNtnt- PRocEDURES

Starting materials were prepared from reagent-
grade palladium, antimony and tellurium (all have
99.9990/o purity or better), and subsequently sealed
in evacuated tubes of silica glass. The capsules were
placed in a horizontal muffle furnace and heated
at selected temperatures. To ensure homogeneity,
most samples were opened, after initial heating,
ground under acetone, pelletized and reloaded in
the furnace for a further period of heating. The
total heating period ranged from a few days to
three months. Experimental runs were quenched by
dropping the capsules in ice water.

Run products were studied by reflected light
microscopy, X-ray powder diffraction and
electron-microprobe analysis. X-ray-diffraction
patterns were obtained with a 114.6-mm Gandolfi
camera using Ni-filtered CuKa radiation. X-ray
photographs were also taken in a Guinier-type
focusing camera of 80-mm diameter with filtered
CoKa radiation. Where accurate X-ray data were
required for calculation of the cell dimensions, a
Philips automated X-ray diffractometer was used.
Compositions of individual phases were determined
with a Cambridge MK5 and a JEOL 733 electron-
microprobe analyzer using synthetic Pd-Te and
Pd-Sb compounds and spectrographically pure Pd,
Sb and Te elements as standards.

ExPERTMENTAL Rrsur-rs

The experimental results, including starting bulk
composition and compositions of phases identified
are shown in Table l, which is available through
the Depository of Unpublished Data, CISTI,
National Research Council, Ottawa, Ontario KIA
0S2. The interpretation of the experimental results
at 1000, 800, and 600'C is presented diagrammati-
cally in Figures 1,2, and 3, respectively.

The isothermal section at 1000'C (Fie. 1) is
characterized by the presence of palladium,
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one phase
two phases
three phases

Pd2oSbz
( m e r t i e l t e

( s t l b i opa l l ad i n l t e? )  Pd3 rSb i2

Pd55b2 70

Sb Te

Ftc. l. Phase relations in the system Pd-Sb-Te at 1000"C. Boundaries of the 3-phase fields, postulated on the basis
of theknowntiel ineof theneighboring2-phasefields,are:PdzoSbz(Pdra.oSbrs.rTero.s) + PdeSb:(Pdzz.lSbrz.oTeo.e)
+ liquid; PdeSb:(Pdrz.rSbrr.qTeg.e) + Pd:rsbrz(pdzz.rsbrr.zTero.r) + riquid; and pdsrsbrz(pdrz.oSbzo.rTer.r, +
PdsSbz(Pdrr.oSb2t tTa.t) + liquid.

Pd2osb7, Pd8Sb3, Pd3lsb12, Pd5Sb2 and a Iarge field
of liquid. Palladium contains up ro 16.5 at.go Sb
and 10.8 at.tlo Te in solid solution along the pd-Sb
and Pd-Te binary joins, respectively. The pd26Sb7
phase has a homogeneity r€mge of 24.6 to 26.0 at.tlo
Sb. Tellurium substirution for Sb is 42 at.rlo in
Pd20Sb7, 36-38 at.olo in Pd6Sbr, 38.3 at.go in
Pd3rsbr2 and 16.5 at.Vo in Pd5Sb2. Boundaries of
one three-phase assemblage are: pd
(Pdo84Sb0.r4Teo.oJ + Pd2oSbT (Pd2s.,rSba.asTer.35)
+ liquid (Pd0.74sbo r3Teo.,3). It is not possible to
determine accurate boundaries of other invariant
fields, because (i) compositions of the solid phases
involved are very similar, (ii) the liquid phase
coexisting with solid phases tends to separate into
metastable phases during quenching, and (iiD
Pd3lsbl2 and the structurally related Pd5Sb2 are
nearly identical in optical properties and X-ray
powder-diffraction patterns.

At 800oC, a few additional phases become stable
(Fig. 2): Pd5Sb3 and PdSb on rhe Pd-Sb join, and
Pd2sTq, PdsTe3 and PdrTe, on the Pd-Te join.

1 000'c

I  single sol id phase

There is a complete solid-solution between Pd2oSbT
and Pd26Te?, which are isostructural (Wopersnow
& Schubert 1977). The palladium solid-solution
field is determined by joining the solubility limits,
2l at.t/o Sb on the Pd-Sb join and 14.8 at.tlo Te
on the Pd-Te join. Limits of tellurium substitution
for Sb in PdsSb3, Pd3rsbr2, Pd5Sb2, PdrSb3 and
PdSb are 44.3, 52.0, 46.2, 4.5 and 4.0 at.o/0,
respectively. Limits of antimony substitution for
Te in PdrTe3 and Pd7Te3 are 34.5 at.9o and 36.3
at.9o, respectively.

Phase relations in the areas between PdrSb, and
Pd6Te3 solid-solution end-members and between
Pd3lsbl2 and Pd6Te3 solid-solution end-members
are not clear owing to difficulties in identification
of the optically and compositionally similar phases.

In the isothermal section at 600"C (Fig. 3), more
solid phases become stable, namely: PdSb2,
PdtrTeo, PdeTea, PdTe, PdTe2, Sb2Te3, and Sb.
The liquid fields exist only as thin strips near the
three binary joins. Phase relations in the shaded
areas in Figure 3 are not known because of the
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800'c

I "tngt" 
solld phaoe

fiffiffi ott""" rolatlono noi known

a one Phaae

i l  two pha8sa

A thr96 PhaBea

(m€.t lel to l l )  PdsSb3 PdsT% (unnamed PdsT€s?)
(st lblopal ladlnl te?) PdsrSbtz

Pd5Sb2

Pdsb
(sudbury l ie )

ATOMIC %

Ftc.2. Phase relations in the system Pd-Sb-Te at 800"C. Three 3-phase fields determined are: Pd(Pdaa.6Sb6.6fss.6;
+ Pdzo(Te'Sb)(Pdzl.eTezr.sSba6) + liquid(l); PdsSbz(Pdro.sSbrs.rTer:.s) + PdrTet(Pdzr.sSbro.rTers.a) + liquid;
and PdsSbz(Pdrr.oSbze.rTeo.:) + PdsSbl(Pdec.aSb:+.oTer.o) + liquid.

Tesb

same difficulties in identification of the phases in
the quenched products. In addition to Pd26Sb7 -
PdroTE, there is one more complete solid-solution:
PdSb - PdTe (hexagonal, P6r/mmc). The PdSb -
PdTe solid solution shows a slight depletion in Pd
(approximately I at.9o) on the Te-rich side. The
PdSb - PdTe solid solution is stable to at least
670"C and may persist to the melting temperature
of PdTe at 7 46o C, as measured by Ipser & Schuster
(1986). The cell par€rmeters of the Pd26Sb, - PdroTeT
and PdSb - PdTe solid solutions (Tables 2, 3) show
good linear correlations with Te content. Run
products with bulk compositions Pda6Sb5Ter5 (run
1037), Pd3esbleTe5r (run 1068), and Pd37.4sbr2.6
Te5s.e (run 1082), quenched from 600oC, yielded a
"perthitic" intergrowth of PdTe and PdTe2 solid
solutions. The texture strongly indicates that the
phases in the intergrowths are exsolution products
from an originally homogeneous solid-solution,
and supports the interpretation ofKim et al, (1990)
that there is a complete solid-solution between
PdTe (NiAs+ype structure) and PdTe2 ICd(OH)r-

type structurel. The solid solution is apparently not
quenchable, and exsolution occurs somewhere
below 600"C. This two-phase exsolution area is
shown in Figure 3 (shaded). Fine intergrowths of
the mineral analogue of PdTe (kotulskite) and
PdTe' (merenskyite) have been observed in deposits
in the Stillwater Complex, Montana (Cabri &
Pickwick 1974) and the Merensky Reef, South
Africa (Kingston 1966).

PdSb2 shows an extensive solid-solution from
pure PdSb2 to Pd(Sb6.32Te0.6J2, but does not form
a complete solid-solution with the structurally
different PdTe2. A similar extension of the PdSb,
- Pd(Te,Sb)2 solid-solution also was observed at
400'C @l-Boragy & Schubert l97l). PdSb, was
reported to have a^ pyrite structure, with an 4
parameter of 6.439 A lThomassen l9^28), 6.4584(5)
A (Furuseth et al. 1965), and 6,460 L (Prutt et al.
1968). However, X-ray powder data, obtained by
powder diffractogram as well as by Guinier and
Gandolfi camera methods with approximately 6-8
hour exposure time, consistently reveal a very weak

D a
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(me r t l € l t e  l l
( s t l b l opa l l ad l n l t e? )  F

T e a  ( t e l l u r o p a l l a d l n l t e )

Q U I D

(sudbu ry l t e )  PdSb PdTe  ( ko tu l ek l t e )

PdTe2  (me rensky l t s )

L t o u t D SbzTea
( te l l u ran t lmon  Y  )

A T O M I C  %

Ftc.3. Phase relations in the system Pd-Sb-Te at 600"C. Five 3-phase assemblages determined are: Pd(PdseTe8sb3)
+ PdrrTe+ (PdrrTersSbr) + Pdzo(Te,Sbh(Pdza.3TezzSbr.r); PdsSbz(Pdop.aSbzs.sTeo.a) + PdsSbr(Pdez.zSblz.oTes.s)
+ Pd(Sb,Te)@d+g.eSbte.oTera.+); PdTez(Pd:t.qTe6o.rSbe.s + PdSbz(Pd:t.rTers.rSbzr.z) + liquid (76.8 at.9o Te);
PdSbz(Pdlz.ssb34.8Tq2.3) + SbzTer(Sbao.aTe5e.6) + liquid (68 at.tlo Te); and PdSbzGdg: sSby.zTezt.t) +
SbzTer(Sbao.aTe5e.6) + liquid (54 at.q0 Te).

i3+iia

reflection, with a d of 2.035 A, which can be
indexed as 310. The 310 reflection is prohibited in
the Pa3 pyrite structure but is consistent with a
P2,3 ullmannite (NiSbS) srructure. The refined a
parameter t6.4626(3) A1 for PdSb2 synthesized at
600'C in this study is in good agreement with 6.460
A given by Pratt et al, (1968). The X-ray powder
patterns of single-phase products (runs 1010, l0l 1,
1012, and 1012A) on the PdSb2-Pd(Tq.eaSbo.rJz
solid-solution also reveal a weak 310 reflection,
indicating the absence of structural break in the
solid solution. Figure 4 shows a positive correlation
ofl the cell dimension of the PdSb, solid solution
with Te content.

All the phases, except for Pd,tTeo, Sb2Te3, and
Sb, exhibit extensive solid-solution. Palladium
contains l7 at.t/o Sb on the Pd-Sb join and ll at.tlo
Te on the Pd-Te join. Pd5Sb2, Pdssb3 and PdSb,
contain as much as 39.8, 15.3, and 68.3 at.9o Te,
respectively, in substitution for Sb. The extent of
antimony substitution for Te in Pd17Tea, Pd7Tq,
PdeTea and PdTe2 is 5.2,41.6, 12.4, and 19.l at.o/0,
respectively.

The Pd-Sb-Te phase diagram at 400'C
proposed by El-Boragy & Schubert (1971) shows
some similarities to that of this study at 600'C (Fig.
3), especially for the 33.3 - 100 at.Vo Pd region,
although the designation of some phases on the

, T e 7  r  t h r e e  p h a s e g

l f3! ' "1" '" 'Pdsreg?)

D l

I
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TABITE 2. CELI, DIMENSTON oF TEE Pd2o(Sb,Te)? SOLID-SOLUTION SERTES

Run No. Conposition (at.t) Tenpsrature CoII parameterE

( ' c ) a  ( A ) c  (A)

1 0 s 2  7 4 . 4
1 0 4 8  7 4 . 2
1 0 4 9  7 4 . L
1 0 5 0  7 t . 0
1 0 5 1  7 4 . 3

2 5 . 6
15 .2
1 0 . 1

6 t

1 0 . 6
1 5 . 8
20 .9
25 .7

5 0 0
5 0 0
6 0 0
6 0 0
6 0 0

1 1 . 7 1 7 ( 3 )  1 1 . 0 1 1 ( 8 )
L L . 7 5 4 ( 2 ' , t  1 1 . 0 5 1 ( 3 )
L L . 7 6 5 ( 2 1  1 1 . 0 9 4  ( 2  )
r 1 . 7 7 9 ( 1 )  1 1 . 1 3 s ( 4 )
1 1 . 7 9 7 ( 3 )  1 1 . 1 s 0 ( 4 )

TABLE 3. CEIiIT DIMENSTON OF TEE Pd(Sb,Te) so[,ID-SOrrrIrION SERTES

Run No. Coqrosition (at.tl Temp€rature CeIl paraueters

( ' c ) a  ( A ) c  (A)

1 0 0 1  s 0 . 0
1 0 0 4  s 0 . 0
100s 49 .4
1005 48 .7
1002 48 .6

5 0 . 0
4 0 . 0
24 .9
LT .7

1 0  . 0
25 .7
3 9 . 5
5 1  . 4

5 0 0
6 0 0
6 0 0
5 0 0
6 0 0

4 . 0 7 s 3 ( 4 )  s . 5 9 1 0 ( s )
4 . 0 9 5 s ( 4 )  5 . 6 0 l s ( 5 )
4 . 1 1 s 2 ( 1 )  5 . 5 1 8 5 ( 2 )
4 . L 2 9 3 ( 2 1  5 . 6 3 5 7 ( 3 )
4 . 1 3 0 ( 3 )  s . 6 6 r ( s l

At.% Te PdSb6.64Te1.36

FIc. 4. Cell dimension yersrl.s composition of PdSbz solid
solution.

Pd-Te join of their diagram differs from ours.

Pd-Sb-Te MTNERALS rN RELATToN To
SyNrHprrc Pnesns

Many of the synthetic phases in the system occur
in nature. These are PdeTea (telluropalladinite),
PdTe (kotulskite), PdTe2 (merenskyite), pd8sb3
(mertieite II), PdSb (sudburyite), and SbrTe,
(tellurantimony). Physical properties and X-ray
powder data of these synthetic phases correspond
very well with those of the natural nrinerals.

The X-ray powder pattern of Pd3,Sb,, (Table 4)
synthesized in this study is very similar to that of
Pds+Sb2_ (later revised to pd3,Sb,r) of El-Boragy

et al. (1970) and that of the stibiopalladinite from
Potgietersrust, South Africa (Cabri & Chen 1976).
The parameters of the hexagonal cell of stibiopal-
ladinite, established by single-cryslal X-ray diffrac-
tion, are a 7.598(2), c 28.112(9) A (CaUri & Chen
1976). The X-ray pattern of Pdr*Sbr- of El-Boragy
et al. (1970), which contains additional weak lines,
must be indexed on a larger hexagonal cell with c
7.6006(l), c 41.945(8)4. fhe X-ray powder pauern
of Pd3'Sb'2 from this study, however, may be
indexed on both cells. Thus, the mineral stibiopal-
ladinite and the synthetic phase Pd31Sb12 of
El-Boragy et al. (1970) and of this study are,
clearly, structurally related, but their true relation-
ship can only be established by further single-crys-
tal study of the synthetic material.

Telargp4lite [(Pd,Ag)o*Te], cubic with an a of
12.60(2) A, from Oktyabr deposit, U.S.S.R.
(Kovalenker el c/. 1974), was considered by
Berlincourt et al. (1981) as the natural equivalent
of the synthetic PdoTe phase of Grdnvold & Rdst
(1956). Although PdaTe (presently proposed to be
PdlTTeo: Kim et al. 1990) also is cubic, with an a
of 12.67 A, its powder pattern is not identical with
that of telargpalite.

The Pd:Te ratio in keithconnite, Pdr_"Te (0.14
< x < 0.43), from the Stillwater Complex, Mon-
tana, was reported to be between 2.571 and,2.714,
that is, between Pd26Te7 and Pd7Te3 (Cabri et ol.
1979). Although the X-ray powder pattern of
keithconnite is vaguely similar to that of Pd26Ter,
a phase identical to keithconnite has not been found
in this study.

0



PHASE RELATIONS IN THE SYSTEM Pd-Sb-Te 407

hk7

I t 3
r t o

L . 0 . t 2
206
0 .  1 .  1 4
1 . 1 . 1 2
2 L L
2t3
2 . 0 .  t 2

030
2 -  l . L 2
1 . 1 . 1 8
1 . 2 .  L 4
2 .  0 .  l 8
0 . 3 . 1 2

22'l
o . 0 . 2 4
L . 0 . 2 4

3 . 0 . 1 4

2 . 2 -  7 A
3 . 1 . 1 8
2 .  r . 2 4
0 . 0 . 3 0
3 . 2 .  L 2
4 -  0 . L 7
3 -  2 .  1 ,4

3 . 4 9 5
3 . 3 3 8
3 . 0 8 7
2 . 9 7 7
2 . 7  2 6
2 . 5 7 2
2 . 4 8 3
2  . 4 4 9
2  . 3 9 6

2 , 2 5 2
2.  t94

1 . 9 8 6
1 . 9 1 4
1 . 9 0 2
I  . 8 s 8
1  . 8 3 3
1  . 8 L L

I  . 6 8 9
7 . 6 6 9
7 . 5 9 7
1 . 5 0 L
L . 4 7 2
L , 4 3 7
1 . 4 3 0
1 , .  3 9 8
1  . 3 8 6
1 . 3 6 9
1 . 3 4 8

3 . 4 9 5
3 .  3 3 7
3 . 0 8 4
2 . 9 7 6

2 . 5 7 L
2 . A a L
2 . 4 4 e
2 . 3 9 5
2 . 3 4 4

2 . L 9 3

1 . 9 8 5
1 . 9 1 4
1 . 9 0 1
1 . 8 5 8
1 . 8 3 4
1 . 8 1 1
L , ' t  48
1 . 6 9 1
1 . 5 5 9
1 . s 9 8
1 .  s 0 2

I . 437
1 . 4 3 0
1 . 3 9 9
r . 3 8 7
1 .  3 5 8
1 . 3 4 9
1 . 3 1 9
I . J I J

1 . 3 0 4
L . 2 9 6
L . 2 8 7  3
r , 2 7 8 9

r . 2 6 6 0
1 . 2 4 0 8
7 , 2 3 3 2
7 . 2 2 4 L
7  . 1 , 9 9  4
1 .  1 9 2 3
1 .  1 8 0 4

5 0 2 1 . 3 1 3

I

3

I

I 9
6

8 5
L 0 0

8
1 1

1
I

1

1
I
I
I

I

2

't

I
I

I
1
L

1 0
I

2

6
1

5

4 . 0 . 1 9  1 . 3 1 9

TABLX 4. X-RAY POWDER-DIFFRACTION DATA
FOR SYNTHETTC Pd3lsbr2

(Cabri 1981), which implies that the mineral is an
ordered l:l:1 compound. The structure of tes-
tibiopalladite was considered to be of Pa3 pyrite
type, but later corrected to P2r3 ullmannite type
by analogy to michenerite (Institute of Geo-
chemistry, Chinese Academy of Science l98l). The
X-ray powder pattern of a phase with PdSbTe
composition, slmthesized at 600"C (run l0l2),
compares well with that of testibiopalladite given
by P.M.M.R.G. (1974). The cell dimension a of
the synthqtic PdSbTe is 6.5483 A, close to the value
of 6.533 A reported by Hullige^r (1963) but smaller
than the value (6.557-6.581 A) reported flor the
natural phases (P.M.M.R.G. 1974). The larger cell
par€rmeter of the natural phases is probably due to
the presence of Ni and Bi in the mineral. From the
phase diagram at 600"C (Fie. 3), it is clear that
PdSbTe is a member of the PdSb2 - PdTe(Sb6.6oTq 36)
solid solution and not an ordered l: l:1 compound.
Consequently, the definition of testibiopalladite
should perhaps be modified to cover the Te-rich
members of the PdSb2 - PdTe(Sb,Te) solid
solution. The ideal formula of testibiopalladinite
may then be written as PdTe(Sb,Te), with the
general formula PdTe(Sb,Te,Bi), because up to 0.5
atom of Bi has been found to substitute for Sb or
Te in the (Sb,Te) site in natural phases (Institute
of Geochemistry, Chinese Academy of Science
l98 l ) .

The mineral borovskite (Yalovoi et al. 1973,
Fleischer 1974) has an ideal composition of
Pd3SbTea. However, an ordered compound of this
composition has not been found in the temperature
range investigated here. An attempt to synthesize
borovskite at 600"C from the bulk composition
Pd37.aSb12.6Te56.6 (run 1082) yielded fine inter-
growths of PdTe solid solution (Pdas.6Teaa.5Sb1a.7)
and PdTe2 solid solution (Pd3a.1Te53.rSb'2.) in
approximately a I to I ratio. The composition of
borovskite is, therefore, either unquenchable or
unstable in the pure system. The presence of Pt in
substitution for Pd and ofl Bi in substitution for Sb
and Te may have played an important role in
stabilizing the mineral.

Natural analogues of the PdSb - PdTe solid
solution are demonstrated by the assemblages
found by Watkinson & Hak (pers. comm., 1989)
in sulfide-rich ores from the Expo Ungava deposit,
Quebec, the Shebandowan deposit, Ontario, and
the Birchtree deposit, Manitoba. The composition
of sudburyite and kotulskite grains in these
assemblages ranges from (Pde.e2Nie.e5Feo.orCoo.or)
(Sbs.s2As6.seBio.s6Tes.61S6.e1) to (Pd6.reFe6.ol) (T%.or
Sbe.27Bie.15Ase.or)rr.or, and thus covers a Iarge
portion of the PdSb - PdTe solid solution. As
synthetic PdSb shows very limited solid-solution,
up to Pd5eSbntTq at 800"C, the mineral as-
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Plus my more l ines.

Run 3065 (Pd?2.osbr8.o), quenched froE 80OoC.
Aut@ted dlffractoreter, CUX'a radiatlon (I
1 .54059 i ,1 .  tnd lces  based^on a  hexagona l  de t t
a  7 . 6 0 0 5 ( 9 ) ,  c  4 1 . 9 4 s ( 8 )  A .

Cabri (1981) reported an unnamed Pd6Te3
mineral in heavy-mineral concentrates from the
Stillwater Complex, Montana. The X-ray powder
pattern of the unnamed Pd6Te3 mineral is,
however, not identical to either of the two synthetic
forms of PdrTe3 (Kim et al. 1990), although it bears
some similarity to the X-ray powder pattern of the
lower-temperature form quenched from 500"C.

Another unnamed mineral, with the composition
PdSb2, was reported by Graham (1978) from the
Nairne pyrite deposit, South Australia. The mineral
is optically isotropic and is probably the natural
equivalent of the synthetic PdSb2 phase. However,
there are insufficient data on the natural phase to
substantiate its identity with synthetic PdSb2.

The mineral testibiopalladite from China
(P.M.M.R.G. 1974, Fleischer et al. 1976) was given
a chemical formula of Pd(Sb,Bi)Te based on the
assumption that Bi substitutes for Sb. The formula
of testibiopalladite was later idealized to PdSbTe
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semblages in these deposits must have been formed
at a lower temperature, perhaps below 746oC, the
melting temperature of PdTe, as determined by
Ipser & Schuster (1986).
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