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MINERALOGICAL NOTES

THE CRYS:T'AL STRUCTURE OF DISORDERED GERSDORFFITE

P. Bevlrss,l School of Applied Geology, (Jniters,ity of New South Wales,
Australia.

This publication presents a disordered nonmetal cubic structure in
contrast to the ordered nonmetal cubic structure already presented by
Bayliss and Stephenson (1967). The earlier paper also briefly reviewed
the occurrence, composition and crystallography of gersdorffiite (NiAss).

Gersdorfhte from east of Ferro, Dobsina, slovakia, czechoslovakia of
hydrothermal origin was used in this second crystar study. Its impurities
were determined by spectrographic analysis as 6 percent iron, 2 percent
cobalt, 1 percent antimony and 0.2 percent sil icon. The 6 percent iron
belongs to the extraneous mineral siderite detected by X-ray difiraction.
since substitution of nickel by 2 percent cobalt decreases the unit-cell
size but the substitution of arsenic by 1 percent antimony has the op-
posite efiect, their net effect is assumed to be zero. The unit-cell size of
5.7053+0.0003 A *u. determined from a Debye-Scherrer photograph
using the function given by Nelson and Riley (1948). The unit-cell size in-
dicates from the curve of Yund (1962) a composition of NiAsr zaso.zr
A 40p cleavage fragment of this gersdorffi.te with cube faces was ex-
amined. The reciprocal lattice was examined from two precession
photographs taken with Moka radiation 90o apart. rt exhibits the Laue
symmetry m3 and systematic absences occur for h\t and 200 with hl2n,
hkj and 0fr0 with kl2n, and}kl and 001 withll2n,which indicate space
group Po3. sixty-seven independent hkt, data were recorded on equi-
inclination weissenberg photographs with four firms packed into the
casket to give an exposure series with a 3:1 interfi lm density ratio. Data
from five levels were collected and scaled from the relationship hht:klh
:lhk given by Henry el al., (1961). These intensities were measured by
comparison with a spot series collected under known conditions. Then
the asymmetric Lorentz and polarization corrections were computed on a
Deuce machine, but no correction was made for absorption or extinction.
The observed reflection amplitudes (Fo) are recorded in Table 1.

A Patterson vector map indicates its similarity to the pyrite structure
with four formula units per cell, so a trial structure was based upon the
space group Pa3 and the coordinates of pyrite from Elliott (1960). The
scattering curves of Thomas-Fermi for nickel, arsenic and sulphur were
taken from the rnternational rables for X-ray Crystalrography (1962),
with both the real and imaginary components of the anomalous disper-

r Present address: Department of Geology, University of Calgary, Calgary, Alberta.
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sion correction. The structure was refined with the Oak Ridge Fortran

least-squares program of Busing et al- (1962), using an IBM7040 com-

puter. The function >w(lFol-lfr l)2 was minimized, init ially with unit

weights and then with weights inversely proportional to I Fo-Fcl2 '

In the refinement with an average nonmetal scattering curve and as-

sumed thermal parameters for each atom, Ieast-squares cycles were

undertaken to refine the over-all scale factor, position parameters (r) and

individual isotropic thermal parameters (B). The resultant final param-

eters with their standard deviations are Iisted in Table 2, whereas the

calculated structure amplitudes (Fc) are listed alongside the observed

data (Fa). This structure gave an overall reliability index R with both

observed and unobserved data of 0.111.
The interatomic distances and angles, which are computed on a TBM-

7040 machine with the program of Bushing et al., (1964) with their

standard deviations are also recorded in Table 2.

This structure is similar to pyrite. The 4.0 nickel atoms lie in special

position 4(o) with r:0.0000. The 4.92 arsenic and 3.08 sulphur atoms
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Tr.sr-n2. Aronrc Paneunmns (r), Tnnuer p.q.rnlrerBns (B); INrnurolrrc
DrsreNcas, Terrlnrnte.t aNo Ocr,q.nrnnel Anclns Wnrl SraNnlno

Devr,lrroNs ,tNo Arolrrc Rlrur ron Gnnsoonrltre lVnn Splcp
Gnoup Pa3. Nulrtrns rN PannNrnrsos DnNom Nulrsrn ol

ANcles on DrsteNces

Atom Point Position rt B(f\,) Atomic
Radii (A)

Ni 4a
StAs 8c

0.0000
0.3785 + 0.0005

1 . 2 + 0 . 1
0 . 9 + 0 . 1

L . l l

1 . 2 0

lnteratomic distances (A) Tetrahedral angles (') Octahedral angles (o)

Ni-S*As(3)
2 . 3 7 2 +  0 . 0 0 2

S*As-S*As(1)
2 .400+0.002

Ni-S-|As-S-|As(3)
1 0 0 . 8  +  0 .  1

Ni-SfAs-Ni(3)
1 1 6 . 5 + 0 . 1

S*As-Ni -S*As(3)
8 5 . 1 + 0 . 1

SfAs-Ni-Sf As(3)
9 4 . 9 + 0 . 1

are equally distrubuted over the eight-fotd position 8(c) with f :0.37g5.
Each nickel atom is octahedrally coordinated to six arsenic-sulphur
atoms with significant deviations from the theorectical angle of 90o.
Each arsenic-sulphur atom is tertahedrally coordinated to one arsenic-
sulphur and three nickel atoms with significant deviations from the
regular tetrahedral angle of 109.5o. These deviations l ie near the average
distortion l imit of 4 to 50 given by Hull iger and Mooser (1965) for the
change from a pyrite-type structure to a marcasite-type structure.

Normal covalent bonding is indicated by the bond distances. The
nickel to arsenic-sulphur bond distance of 2.372-10.002 A represents a
value between the nickel to sulphur and nickel to arsenic bond distances,
rt l ies between these values of 2.34 L and 2.4r A reported for gersdorffite
by Bayliss and stephenson (1967). The arsenic-sulphur to arsenic-
sulphur bond distance of 2.400*0.002 A is larger than the 2.30 A and
231 A given for cobaltite by Giese and Kerr (19;5) and the 2.31 A eiven
for gersdorffite by Bayliss and Stephenson (1967).
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THE COBALTIFEROUS PYRITE SERIES

JouN F. R[nv, Austral,i,on Mineral Deaelopment Laborator'i,es, Frezutt|,lle,

South Australia

INrnorucrtoN

Klemm (1964) established that phases over the whole range of the

series FeSz-CoSz could be prepared synthetically, though a complete

series was not attained until 700oC. A regular variation in cell size was

also observed.
The author (1965) reported the natural existence of an intermediate

member of the series FeSz(pyrite)-Cos2(cattierite)' and the following

results are a completion of that investigation'
Sixteen mineral samples, members of the natural binary system FeS2

(pyrite)-CoSz(cattierite) were examined, both by X-ray diffraction and

wet chemical analysis. The object was to establish the presence of nat-

urally occurring phases of this composition, and to observe the effect of

iron-cobalt substitution on cell dimension.
Eight of the samples were selected for examination by electron probe

micro-analyser, to establish any sub-microscopic chemical variations oc-

curring across the pyrites.

ExpBnrlteNtar,

AII the samples examined were from the Copperbelt of Central Africa.

The experimental methods used, except for the electron probe techniques,

are essentially those reported in the author's previous mineralogical
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