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ABsrRAcr

The crystal structure of zvyagintsevite, PdaPb, has been re-examined using a single-crystal fragment from t.he Konder

ultrarnafic massif, Far-Eastern Russia. The whole sphere of MoKcr data was collected to 20 = 100o, and the averaged and
absorption-conected unique segment of data was refined to R = 2.3Vo. An awaruite-type structure is confirme4 space group
Pm3m,withana of 4.035(1) A. On the basis of the single-crystal refinement, a fully indexed powderpattem has been calculated-

Ketwords: zvyagintsevite, crystal structure, chemical composition, X-ray powder-tliffraction data Konder ultramafic complex,
Russia-

SOTA4AIRB

Nous avons r6examin6 la structure cristalline de la zrryaginSevite, Pd:Pb, en utilisant un fragment monocristallin provenaut
du massif ultramafique de Konder, da:rs la partie d'Extr€me Orient de la Russie. Une sphbre complate de donn6es de difFraction
a 6t6 mesur6e avec rayonnement MoKcr jusqu'd 20 = l@'. Aprbs calcul de la moyenne des intensit6s 6quivalentes et corection
d'absorption, l6l6ment asym6trique a 6t6 affind jusqu'd R = 2,3Vo, Nous confirmons utre structure de type awaruite, avec un
groupe I'espace Prn1m, et un paramAtre a 6gal d 4.035(D A. Un diagramme de poudre, complatement index6, a 6t6 calcul6 i
partir des donn6es nouvelles.

Mots-cl6s: zvyagimsevite, structure cristalline, composition chimique, donn6es de diffraction X, spectre de poudre, roches
ultamafiques, massif de Konder, Russie.

Ilqrnoouc"noN

Zvyagintsevite, ideally Pd3Pb, was fust described as
occurring in massive sulfi.de ore from the Noril'sk
Cu-Ni-PGE (platinum-group elements) deposits,
Russia (Genkin et al. 1966, Cabri & Traill 1966). The
Noril'sk zvyagintsevite is cubic, Pm3m, wth a cell.
edge a^equal to 4.025 A; synthetic PQPb has a equal to
4.0244 (Cabri & Trail 1966). The composition of
zvyagintsevite was reported to be Pd2$Au0.12Pb1.n
(Cabri & Traill 1966). Genkin etal. (L966) reported
a composition of (Pd2j0Pto.6Feo.osNi0.oaCuo.oa)u.sr
(PbosaSno.as)>1.67for the Noril'sk mineral, and Genkin
et al. (1969) found that zvyagintsevite from the nearby
Tatnakh deposit has a composition PdaesPbl.e. It was
also found in the PGE-bearing ores of the Stillwater
Complex, Montana; Laflamme (1976) reportedits com-
position to be @d2.e7Pta.6Nio.or)x.or(Pbo.qzH8o.oz)m.se.

Recently, unusually large crystals of zvyagintsevite
(up to 8 mm on a side) have been reported from the
Konder alkaline-ultramaflc massif in the Ayan-Maya
region of the northern part of Khabarovsk Territory,
about 200 km west of the Sea of Oktotsk, Russia
(Gebhard et aL L996, Cabri & Laflamme 1997). The
ooit-."U edge of the Konder zvyagintsevite is 4.036 A
(Cabri & Laflamme 1997), larger than that of synthetic
Pd3Pb owing to the Pt content. The geology and miner-
alogy of the Konder massif and the related placers,
which are reported to contain large crystals of zqyagin-
tsevite and ferroan platinum, are described by Nekrasov
et aI. (1994) and Sushkin (1995). Because the only data
in the Powder Diffraction File (PDD pertain to syn-
thetic Pd:Pb ofCabri & Traill (1966), itwas considered
that quantitative analyses of a fragment of one of the
large crystals of zvyagintsevite, togetherwith acrystal-
stucture determination" would be usefirl. Pearson's
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Handbook (Villars & Calvert 1991) lists the data
from Ellner (1981) and gives the cell edge a of. the
synEetic material t4.035(l) Al, the space group
(Pm3rn, No. 221), and the atomic coordinates. How-
ever, without a knowledge of the individual isotopic
therrnal parameters, a true powder-diffraction pattern
camot be calculated.

E)cERn[H.mAL

A fragment of a large crystal of zvyagintsevite
(crystal "A" of Cabri & Laflamme 1997) was cut with
a scalpel to produce an orthogonal crystal, 0.18 X
0.18 x 0.12 mm. Smaller off-cuts from the same frag-
ment were used to obtain a confirmation of the powder
pattern (ICDD No. 20-827) of the synthetic material by
means of a RIGAKU microdiffractometer. The frag-
ment was mounted on an Enraf-Nonius CAD4. single-
crystal diffractometer. The cell dimension was obtained
from arefinement of the diffractioa angles of 38 reflec-
tions in the range 60" < 2g < 80o, measured using
MoKtr graphite-monocbromated X-radiation. Diffrac-
tion data were collected at a speed of l"/min (20) using
the DIFRAC software (\I/hite & Gabe 1992), with pro-
file analysis to a limit of 20 = 100". The whole sphere
was collected in segments corresponding to the
48 equivalents of (h>k> I). Empirical absorption-cor-
rections were applied using the ry-sweep method Q.[orth
et al. 1968) in conjunction with an average correction
for tle mean thickness of the crystal. Data reduction
resulted in 100 unique reflections, all of which were
"observed" on the criterion that,lo6" 2 2.5 X o(1o6J. The
crystal data are given in Table 1. After data collection,
the crystal was chemically atalyzed by wavelength-
dispersion specfromety using a IEOL 733 elecfron
microprobe, operated at 20 kV with a beam current of
20 nA (cup reading) using a finely focused beam. The
following X-ray emission lines and standards were
used: Pdlcr and PbZo (synthetic Pd3Pb), Ptlcl and
FeKcl (synthetic PtFe), hl,o, OsZcr, NiKa, CuKa and
BiMo- (Ir, Os, Ni, Cu and Bi pure metals). Counting

TABIA 1, CRYSTA.LDATAFORryYAGINTSSVITE

time was of the order of 20-60 s, and data correction
was done usi.g a conventional ZAF routine.

Eight spot-analyses \ilere done on the crystal. The
average and standard deviation of these findings are
given in Table 2. The intervals for the averages were
calculated using a 907o confidence limit.

Srnucnlns DETERIVTD{AnoN

In accordance with the microprobe results, compos-
ite scattering curves were prepared for @do.g6Ph.oa) and
(Pbo.esBr0.tr), using the coefficients of Cromer & Mann
(1967), with the use of the anomalous scattering com-
ponents of Cromer & Liberman (1970). The structure
was refined to an agreement factor of R = 2.3Vo. With
both atomic sites at special positions, there are only
three parameten to be determined in the strucfure
analysis: the two isotropic displacement-parameters
and a scale factor. An attempt to include an extinction
coefftcient in the least-squares refinemenl was unsuc-
cessful; the coeffi.cient refined to a small negative
value. Attempts to refine the atomic proportions within
each site also were unsuccesshrl. The final displace.ment-
parameters (U in A) are given in Table 1. Thi software
used in structural analysis was the NRCVAX package
for PC computers (Gabe et al. 1989).

Dsscr.FTroN olr rHs SrRucruRE

The AuCu3 structure q?e (gold group, awaruite
subgroup) described in Villars & Calvert (1991) is
confirmed. In space grottp Pm3m, the @b,Bi) atom
occurs at the origin (0,0,0), and the @d,Pt) atom occurs
at Ch,Yz,O). This results in twelve-fold coordination of
the Pb atom by the Pd atoms, and of square-planar
coordination of the Pd atom by the Pb atoms. The
Pd-Pb distance is 2.853(l) A. Sfiucture factors may be
obtained from the Depository of Unpublished Dat4
CISTI, National Research Council of Canada, Onavta"
Ontario KlA 0S2.

CEI'I EDGB oF ZVYAGNTSEYTE

Nowotny et aL (L946) reported that synthetic Pd3Pb
has a cubic Cu3Au structure, and crystallizes in space
grotp Pm3m, with a equal to 4.0135A. Cabri & Traill

FROM THE KONDERMASSIF, RUSSIA

t/ 6i.695(3)43
t(MoKo; = 399.2 --'
Z - l

a 4.035(l)A
Cryrtal size (@): 0.18 r 0.18 x 0.12
Spcgnp: Pntn(n,
R-r{trl-t$DrJ-2.3r%
Strurde:
(Pd@&tod tY4t/\ot v - 0.0t4BOn R F - 0.99703) A1
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Stddfl.

Tcdal

100.1757.62 429 0.03 34.08 4.t5
0.36 0.05 0.01 0.27 0.ll
0.25 0.04 0.005 0.19 0.08

r Ir, 08, Fe @dNi resugts,b$resddgrtected. TlEEini@ds&{ti@.liEibrc
0.09,0.07,0.02 dd 0.(D wlzq lEspotirely.
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(1966) reported a cell edge a of 4.024L from
Debye-Scherrer filn work on synthetic Pd3Pb. Ellner
(1981) reported 4.035 A for his synthetic material. The
mineral used here contatrc 4Vo atomic substitution of Pt
for Pd and 1,lVo atamic substitution of Bi for Pb. The
interatomic distances in the metallic phases of the four
elements ar;e ?.749 A for Pd-Pd Ging & Manchester
L978),2.775 A for Prft (Waseda et al. 1975), 3.501 A
for Pb-Pb (Klug 1946), and 3.072 A for Bi-Bi (Schiferl
& Barrett 1969). It is evident that the substitution of Pt
for Pd will increase the cell edge, whereas the substitu-
tion of Bi for Pb will decrease it. The value obtained
here for zvyagintsevite is fortuitously the same as that
grven by Ellner (1981). Recently, Ca[i & Laflamme
(1997) reported a cell edge a of 4.036 A from a L14.6-
mm Gandolfi camera pattern of a fragment from the
same crystal as used in the present study. It seems that
the earlier values of 4.0135 and 4.02a A must be inaccu-
rate (an apparent 20-shift caused by the extreme ab-
sorption tp(Cufo) = 2929 c^m-rl would account for
this), and avalue of4.035(1) A should be accepted both
for this mineral and for the synthetic product.

Carcl[.ersD PomsR-PerrERN FoR ZvyAcrNTsEvrrts

After the sffucture refinement was completed, the
parameters listed in Table 1 were used to calculate the
powder pattern for zvyagintsevite for CuKcr radiation
up to 2e = 140o, using the software routine DISPOW in
the NRCVAX system of programs (Gabe et aL L989).
The data are listed in Table 3.

Zwagi@snito, unntywingnlqel tmtlt Kddsn0sif, F@ia
Idally, mlead tipalladin, PbP{
Cc@poritid (P4Jh"Cs-r)Br@b@BkJee

Rad Cur(e
Slat@ orbic
a 4.035(l)A
Dr 13.58 gr@j

Isbde 1J4060 A lltce 18.8
Spmgup: PtAn (2,l)
Z - 1
Dd 13.32 g@J (Cahi & Tnil l%O

Pqwdq pd@ elqldcd tr ClKc Bdi4i@ tr@ prostq8 obeilcd b $ugle{tdd
8hu&re d€tqninsti@ tm frll rphm oflvofo dd&
AUCL t ?e, cold Eoup, ermits ebgtup
PSe c.P4. MEt 526.4. Vol@lCDl:55.59

hr I PqLIdA

4.035
2.8532

2.0t75
1.8045

L64n
la6
1.3450
r.2760
1.2t66

1.1648
l.l l9l
r.0784
1.0087
0.9786

1 0 0
l l 0
t l l
2 0 0
2 1 0

2 L l
220

2 2  I , X  0 0
3 1 0
3 . 1 I
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3 2 0
3 2 1
4 0 0

322,4 1 0

4 1 1 , 3 3 0
3 3 1
4 2 0
4 2 1

4 2 2

55.760
6fi62
69.879
74270
18.567

108.180
n2.637
tt7244
t22.051
tn.D3

r38.533

7 8
6 6

100 1@
47 45

26 23
l l
l l

28 23

0.9511 I l
0.9237 14 l0
0.9023 14 l0
0.8805 I l
0.8603 1 <l

0.8236 l7 I

22.0t1
31.326
38.6t7
44.892
50.539

82.800
86.994
9t.t72
99.56E

103.811
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