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THE CRYSTAL STRUCTURE OF Cu ¢Pb;¢Bis4S12, A NEW 44.8 A DERIVATIVE OF
THE BISMUTHINITE-AIKINITE SOLID-SOLUTION SERIES

DAN TOPA*, TONCI BALIC-ZUNIC ano EMIL MAKOVICKY 8
Geological Institute, University of Copenhagen, @ster Voldgade 10, DK-1350 Copenhagen K, Denmark

ABSTRACT

The crystal structure of GydPby 6Bis36511.0% idealized CuePhy 6Bis.sS12, @ new derivative of the aikinite—bismuthinite
series from the metamorphosed scheelite deposit of Felbertal, Austria, 4@074(9)b 44.81(1).c 11.513(3) A, space group
Pm@,, Z = 4, has been solved by direct methods and difference Fourier syntheses to aResitligabf ~4.7%. The unit cell of
this “four-fold derivative” contains two “bismuthinite-like” £ ribbons and six “krupkaite-like” CuPbg8s ribbons. The fully
occupied Cu sites occur in zigzag [001] ra\ys= 0.25 apart; the third [001] row, in which the Cu sites are 71% occupiky, is
~ 0.375 apart from them. The latter interval hosts a strongly zigzag pattern of 10% occupied Cu sites. Coordination polyhedra
have been analyzed using the polyhedron-distortion parameters devised recently-Byisalk Makovicky. Cy ¢Pby ¢Big 4S12
occurs at Felbertal both as independent grains and as a component of exsolution pairs.

Keywords Cu; ¢Pby 6Big 4S12, aikinite—bismuthinite derivative, crystal structure, Felbertal, scheelite deposit, Austria.
SOMMAIRE

Nous avons résolu la structure cristalline de @b, §:Bis36511.97 membre récemment reconnu de la série aikinite—
bismuthinite dont la formule idéale serait;ab, 6Big 4512, découvert dans le gisement de scheelite métamorphisé de Felbertal,
en Autriche §4.0074(9)b 44.81(1)c 11.513(3) A, groupe spatiBmc;, Z = 4] par méthodes directes et synthése de Fourier par
différence, jusqu’a un résid] d’environ 4.7%. La maille élémentaire de ce dérivé quadruple contient deux rub8ns Bi
caractere de bismuthinite, et six rubans CuBR&i caractere de krupkaite. Les sites Cu qui sont remplis sont distribués en zigzag
en rangées le long de [001], séparées\yat’environ 0.25; la troisieme rangée [001], dans laquelle les sites Cu sont occupés a
71%, est situé &y ~ 0.375 de ces dernieres. Dans cet intervalle se trouve une rangée en zigzag plus frappant dont le taux
d’occupation est 10%. Les polyedres de coordinence ont été analysés selon les paramétres de distorsion proposés récemment par
Balic-Zuni¢ et Makovicky. A Felbertal, on trouve I'espéce; @by ¢Bis 4512 en grains indépendants et comme composant d’'une
texture d’exsolution.

(Traduit par la Rédaction)

Mots-clés Cuy ¢Pby 6Bis 4S12, dérivé d’aikinite—bismuthinite, structure cristalline, Felbertal, gisement de scheelite, Autriche.

INTRODUCTION Makovicky & Makovicky (1978) proposed to char-
acterize these structures as members of the solid-solu-
After the classical works of Ohmasa & Nowacktion series aikinitex) — bismuthinite (1004 or, in a
(1970a), Kohatsu & Wuensch (1976), Syele& Hybler  short form, byn, corresponding to the percentage of the
(1975), Mumme & Watts (1976), Mumneeal.(1976), CuPbBiS end-member in the B$:—CuPDbBiS series.
andzak (1980), the treatment of the ordered derivativeEhe generally accepted picture is that of three composi-
of the bismuthinite—aikinite solid-solution seriesly  tions, BiS; (na = 0, bismuthinite), CglsPhy sBiz sS3
Bi»«S; (0 < x < 1) appeared to be complete. Attentior{n, = 50, krupkaite), CuPbB§S(n, = 100, aikinite),
shifted to the composition ranges of these ordered strwehich have simple orthorhombic structures with
tures €.g.,Harris & Chen 1976, Makovicky & Mako- “11 X 11 X 4 A unit cells” and only one type of struc-
vicky 1978, Pring 1989, Mozgow al. 1990). Syntheses tural ribbons (BiSs, CuPbB}S; and CuPh,Bi,S;, re-
of disordered intermediate compositions (Springer 1974pectively) in each structure. These three compositions
Mumme & Watts 1976) were followed by some anneakre interleaved by additional ordered structures in which
ing experiments to achieve order (Pring 1995). ribbons of two different types combine: CuPbBig
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(nqg = 16.67), CuPbBBy (N, = 33.33), CuPBisSy  which suggested a solution revealing the positions of Bi
(na = 66.67), CePbsBi;S;5 (na = 83.33), all these being and Pb atoms together with three principal Cu sites and
0f“33 X 11 X 4 A type”, and CePsBi;S;5 (na= 80.0), most of the S atoms. In subsequent refinements, the
the only phase of the “58 11 X 4 A type”. positions of the remaining S atoms and two Cu sites with
New material from the metamorphosed scheelitewer occupancies were deduced from the difference-
deposit of Felbertal, Austria (Thalhamnetral. 1989), Fourier syntheses.
has altered substantially this well-established scheme. An additional check of the Cu distribution was made
The deposit has yielded, in the form of independebly lowering the symmetry t8m, which makes all of
grains and as lamellae in exsolution pairs, two phast theoretically possible 16 Cu positions in the unit cell
of a new, “44x 11 X 4 A type”, with compositions;  unique. The difference-Fourier map was then calculated
=40 andh, = 67. The present communication concerngith only one Cu position occupied to fix the origin.
the crystal-structure determination of the first of thesthe additional Cu positions that appeared in the map
two phases, GuPh ¢Big.4S12. The mineralogy for this and that could subsequently be refined conformed to the
deposit is currently the object of further investigationdistribution found in thdm@; model, with positions
corresponding to Cu2 and Cu3 showing practically full
Experimental occupancy, and positions corresponding to Cul having
somewhat lower occupancy. The low maxima appeared
The chemical composition of the analyzed crystallso at positions corresponding to Cu4 and Cu5, which
was obtained by electron-microprobe analysis before itgere refined withca. 10% occupancy iPma;.
extraction from a polished section. We used a JEOL- After the final refinement ifPmc;, with anisotro-
8600 electron microprobe equipped with Link EXL softpic temperature-factors used for all the atoms except
ware with on-line ZAF correction. Analytical conditionsCu4 and Cu5, for which they were fixed to isotropic
employed were 25 kV and 30 nA; synthetic and naturablues of 0.03 (about the average for S atoms), the high-
sulfide standards were used. The analytical resukist residual peak wasefd3, 0.86 A from Pb1 and the
(wt.%) are Cu 4.65, Fe 0.05, Pb 15.97, Bi 61.58, S 17.t¥%epest hole —gA3, 0.87 A from the same atom. The
total 100.04. The resulting empirical formula is;Gy  refinement was stopped when the maximum shift/e.s.d.
Pby 6Bis.38511.97 i.€., Ny = 40.5 or, alternatively, the for varied parameters dropped below 1. The results of
mol% of the krupkaite end-member is equal to 81.0%he refinement are represented in Table 2 and Figure 1,
and that of the bismuthinite end-member, 19.0%. interatomic distances in Table 3 (deposited). Structure
A crystal with irregular shape and 0.04-0.09 mrfactors may be obtained from the Depository of Unpub-
diameter was measured on a Bruker AXS four-circlished Data, CISTI, National Research Council, Ottawa,
diffractometer equipped with CCD 1000K area dete®ntario K1A 0S2, Canada.
tor (6.25 cmX 6.25 cm active detection-area, 5%2 o
512 pixels) and a flat graphite monochromator usingescription of the structure
MoKa radiation from a fine-focus sealed X-ray tube. . . - .
The sample — detector distance was fixed at 6 cm. In all The crystal structures of bismuthinite—aikinite series

1800 static exposures 0.8part were made, each mea—r‘f“)e superstructures of the B structure, withen

surement taking 90 s, with 94.7% coverage and avera eéoril\/la;%s ribbons M;] = ?i' Pb). Thedaqjac%nt tet-
redundancy of 6.6 inside the limits of the angular sp4f"'€dral voids are capable of accommodating Cu atoms.
covered. The maximumb2/alue covered in the equato- or each o_ccupled C_u site, the inner Bi position in the
rial plane of detector was 5d = 0.76 A) and Miller 2diacent BiSs ribbon is replaced by Pb. .

index limits weret<h<5,55<k<54,13<1<13. The The unit cell of CyePby Bis 4512 a unidimensional

SMART system of programs was used for unit-cell déquadruple of the unit cell of B, contains eighivie;Se

termination and data collection (Table 1), SAINT+ for
the calculation of integrated intensities, and SHELXTL  7ApiE 1. CRYSTAL DATA AND STRUCTURE-REFINEMENT

for the structure solution and refinement (all Bruker INFORMATION FOR Cuy Pb; Big,S:;

AXS products). For the empirical absorption correction;

based on reflection measurements at different azimuth@dsured reflections: 12598 unique: 3717 (2745 with I > 20))
angles and measurements of equivalent reflections, pigperature: 299K space group: Pmc2,

gram XPREP from the SHELXTL package was US€Gktice parameters: a4.0074(9), 54481(1), ¢ 11.5133)A,  V2068(1) &’
and yielded a merginBnt factor (for equivalents) of (refined from 3156 reflections with I > 100,
0.0633 compared to 0.1348 before absorption correg:, 0. = 6.904 gom 4= 69.98 "
tion. Minimum and maximum transmission-factors wereil-matrix refinement L ) .
0.008 and 0.032, respectively. The systematic absem%”é@“‘“g scheme: 1/{0%,* + [0.0747(Max(¥,"0) + 2F.)/3]}

. 3 giving a flat analysis of variance in terms of F.*)
(hOl, I =2n+ 1, and OQ | = 2n + 1) are consistent with

R factors: {Z[w(F,,? ~ F 2 /E[w(F2)* ) = 0.1381;

space g.rOUme.czl andPmcm The fofmer was Cho.s‘?“. | [Fe| - |Fo||/Ew|Fy| = 0.0467 (for F, > 40g,), 0.0641 (for all)
as consistent with structures of the bismuthinite—aikinit€e faetor: 0.03228

family. The structure was solved by direct methods
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TABLE 2. ATOMIC PARAMETERS FOR Cu, Pb, (Bi, ,S,,

613

Atom  x y z sof Ul1 v22 U33 U23 Ueq

Pbl 0.0 0.06361 (6) 0.7982 (3) 1.00 0.037 (1) 0.039 (1) 0.025 (2)-0.004 (1) 0.0335 (6)
Pb2 0.5 031075 (5) 0.1624 (3) 1.00  0.038 (1) 0.032 (1) 0.051 (2)-0.009 (1) 0.0404 (7)
Pb3 0.5 043703 (6) 0.6634 (3) 1.00 0.037 (1) 0.044 (1) 0.042 (2) 0.013 (1) 0.0406 (7)
Bil 0.5 0.01584 (5) 04536 (2) 1.00 0.026 (1) 0.028 (1) 0.025 (2) 0.002 (1) 0.0264 (6)
Bi2 0.0 0.39060 (5) 0.0091 (2) 1.00 0.029 (1) 0.035 (1) 0.026 (2)-0.001 (1) 0.0300 (6)
Bi3 0.0 0.35861 (5) 0.5042 (3) 1.00 0.028 (1) 0.036 (1) 0.031 (2) 0.007 (1) 0.0317 (6)
Bi4 0.0 0.14475 (5)-0.0009 (2) 1.00  0.026 (1) 0.026 (1) 0.028 (2)-0.004 (1) 0.0265 (6)
Bi5 0.5 0.22969 (5) 09590 (3) 1.00 0.028 (1) 0.025 (1) 0.031 (2)-0.004 (1) 0.0279 (6)
Bi6 0.5 048024 (5) 09714 (3) 1.00 0028 (1) 0.030 (1) 0.036 (2)-0.000 (1) 0.0312 (7)
Bi7 05 007147 (5) 0.1293 (2) 1.00 0032 (1) 0.033 (1) 0.029 (2) 0.005 (1) 0.0314 (7)
Bi8 0.0 030362 (5) 0.8318 (2) 1.00 0.034 (1) 0.027 (1) 0.044 (2)-0.008 (1) 0.0349 (6)
Bi9 0.0 0.44720 (5) 0.3349 (2) 1.00 0.036 (1) 0.030 (1) 0.025 (2)-0.009 (1) 0.0303 (7)
Bil0 0.0 0.10636 (5) 04879 (2) 1.00  0.027 (1) 0.027 (1) 0.023 (2) 0.003 (1) 0.0260 (6)
Bill 0.5 026746 (5) 04706 (3) 1.00 0027 (1) 0.030 (1) 0.036 (2) 0.004 (1) 0.0310 (7)
Bil2 05 0.17756 (5) 0.6374 (2) 1.00 0.030 (1) 0.028 (1) 0.033 (2) 0.002 (1) 0.0303 (6)
Bil3 0.0 0.19673 (5) 03208 (2) 1.00  0.032 (1) 0.043 (1) 0.033 (2) 0008 (1) 0.0358 (6)
Cul 0.0 0.00907 (15) 0.2004 (9) 0.71 (2) 0.023 (5) 0.011 (4) 0.017 (5) 0.003 (3) 0.0170 (29)
Cu2 0.5 038377 (16) 0.2609 (8) 0.99 (2) 0.040 (4) 0.042 (4) 0.026 (4) 0.001 (3) 0.0362 (25)
Cu3 0.5 0.36506 (14)-0.2392 (6) 0.97 (2) 0.036 (4) 0.039 (4) 0.022 (4) 0.003 (3) 0.0325 (24)
Cu4 0.5 0.13758(129) 0.2360 (53) 0.10 (1) 0.030

Cu5 0.0 0.23871(143)0.7081 (66) 0.10 (2) 0.030

S1 0.0 0.04743 (28) 0.3507 (15) 1.00  0.036 (8) 0.021 (6) 0.024 (8) 0.003 (6) 0.0266 (31)
S2 0.0 0.03126 (29) 0.0171 (14) 1.00 0.021 (7) 0.035 (7) 0.020 (8) 0.014 (6) 0.0254 (31)
S3 0.0 0.11069 (26) 0.1938 (13) 1.00 0.035 (8) 0.012 (5) 0.014 (8) 0.007 (5) 0.0206 (31)
S4 0.5 0.17390 (34) 0.1049 (16) 1.00  0.016 (7) 0.043 (8) 0.040 (9) 0.011 (7) 0.0328 (36)
S5 0.5 0.09749 (30) 0.9309 (15) 1.00 0.018 (7) 0.031 (7) 0.033 (10)-0.015 (7) 0.0274 (34)
S6 0.5 0.01444 (29) 0.7576 (15) 1.00 0.024 (7) 0.025 (6) 0.020 (8)-0.001 (6) 0.0228 (31)
S7 0.5 0.42267 (27) 0.1144 (15) 1.00  0.030 (8) 0.023 (6) 0.022 (8) 0.010 (6) 0.0248 (31)
S8 0.5 0.34362 (28) 0.9438 (13) 1.00 0.030 (8) 0.025 (6) 0.022 (8)-0.009 (6) 0.0258 (31)
S9 0.5 0.26440 (31) 0.7674 (15) 1.00 0.025 (8) 0.028 (7) 0.027 (9)-0.007 (6) 0.0266 (34)
SI0 0.0 0.20123 (29) 0.8531 (13) 1.00  0.039 (8) 0.026 (6) 0.012 (7)-0.011 (6) 0.0255 (31)
S11 0.0 0.27640 (27) 0.0328 (13) 1.00 0.032 (7) 0.022 (6) 0.022 (8) 0.006 (6) 0.0254 (31)
S12 0.0 0.36002 (33) 0.2060 (17) 1.00 0.031 (9) 0.028 (7) 0.041 (11) 0.008 (7) 0.0333 (38)
S13 0.5 0.32776 (28) 0.6075 (15) 1.00 0.022 (7) 0.023 (6) 0.030 (8) 0.001 (6) 0.0249 (30)
S14 0.5 040576 (27) 0.4409 (13) 1.00 0.034 (8) 0.024 (6) 0.015 (8) 0.008 (6) 0.0245 (32)
S15 0.5 0.48695 (28) 0.2753 (14) 1.00 0.028 (7) 0.022 (6) 0.019 (8) 0.007 (6) 0.0231 (31)
S16 0.0 0.45007 (28) 0.8685 (13) 1.00 0.050 (9) 0.018 (6) 0.014 (7)-0.012 (5) 0.0272 (34)
S17 0.0 0.47274 (30) 0.5386 (14) 1.00 0.042 (9) 0.030 (7) 0.016 (8)-0.007 (6) 0.0293 (34)
S18 0.0 0.38868 (27) 0.7039 (15) 1.00 0.040 (9) 0.011 (5) 0.032 (9)-0.008 (6) 0.0280 (35)
SI9 0.5 0.07648 (29) 0.5895 (13) 1.00  0.013 (6) 0.029 (6) 0.024 (8) 0.002 (5) 0.0219 (31)
S20 0.5 0.15537 (28) 0.4278 (14) 1.00 0.016 (7) 0.024 (6) 0.027 (8) 0.000 (6) 0.0226 (30)
S21 0.5 0.23728 (28) 0.2720 (13) 1.00  0.017 (6) 0.022 (6) 0.020 (8) 0.005 (6) 0.0196 (29)
S22 0.0 0.29897 (32) 0.3714 (15) 1.00 0.059 (11) 0.025 (7) 0.023 (9)-0.002 (6) 0.0359 (39)
S23 0.0 0.21847 (28) 0.5290 (14) 1.00 0.036 (8) 0.018 (6) 0.025 (8)-0.006 (6) 0.0262 (32)
S24 0.0 0.13694 (28) 0.6902 (15) 1.00  0.027 (8) 0.020 (6) 0.033 (10)-0.007 (6) 0.0267 (34)

ul2=U13=0.
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Fic. 1. Atom labeling in the crystal structure ofGBb Bis.4S12.

ribbons in am-glide-related herringbone arrangemenpied sites Bi7 and 8 adjacent to the sparsely occupied
(Fig. 2). Ignoring the presence of two 10%-occupie@u4 and Cu5 sites do not show visible deviations from
tetrahedral sites, it contains two,84 “bismuthinite- the remaining Bi sites.

like” ribbons and six CuPbB%s “krupkaite-like” rib-

bons. In each [010] row, two of the latter ribbons are TABLE 4. POLYHEDRON DISTORTION-PARAMETERS

oriented in one way and one in the opposite way. FOR CATIONS IN Cu, (Pb, Bis.S,,

The fully occupied Cu sites Cu2 and Cu3 occur ift
two zigzag [001] rowdy = 0.25 apart, at= 0.375 and Atwom CN  Sphereradius,  Sphere Polyhedron Volume Eccen-  Spher-
~ 0.625 (Fig. 1). The third [001] row of occupied Cu std. deviation  volume volume distortion®tricity @ icity @
sites (Cul with 71% occupancy) is based opax® at
y=~0,i.e.,Ay~ 0.375 from the previous rows. Adjacenfbl 7  3.026£0.113 116962 3838  0.1327 0.1630 09779

Cu2 — Cu3 rows are separated by a single row of umﬁ F 7 30140100 114575 3808 018 01436 0970
cupied Cu sites situated along theafis aty = 0.5. The
7 2.960 + 0.301 109.340 37.216 0.1005 03988 09485
Cu2 — Cu3 rows are Separated from the Cul rows 7 2.969 + 0.295 110.016  37.474 0.0999 0.3883 09384
two zigzag [001] rows of potential Cu sites (Fig. 2)sis 7 204320275 107283 36661 00969 03699 09503
These broader intervals are occupied by a statistical cﬁ%- ; 2225183;3 iggzg; gggg g iggg g:g;i ggggg
tribution of Cu4 and Cu5 (~10% occupancy), in gi 7 295210298 107770 36622 01020 03917 09235
strongly zigzag pattern stretching over two adjacerm 7 2987:0327 113089 37220 01303 04499 0.9503
7 3.000 +0.329 114.503 37.681 0.1304 0.4441 09286
Sparsely OCCUpIed [001] rows of tetrahedr‘a This dIStQ 7 2.994 £ 0.318 113.429 37.623 0.1235 0.4328 09390
bution of Cu atoms preserves the pure blsmuthlnltEno 7 2948£0271 107703 36.689 00998 03657 0.9593
” 1 7 2.958 +0.282 109.079 37.169 0.0995 0.3804 09699
“ke Bi 486 CharaCter Of rlbbons above and belOW Whldﬁ 112 7 2.980+0.292 112.149  37.136 0.1250 04099 09582
Cu4 and Cu5 occur. It also speaks against the pOSS|Bi| 3 7 2973+0206 111498 36847 01267 04163 09649
ity of being produced as a result of stacking errors in
the width of interspaces between the consecutive [0} I 335l00s  saas s ooms olons 1ooon
rows of (nearly) fully occupied Cu sites. Cu3 4 23660048 54978 6532 00302 00911 10000
4 4 2,336+ 0.080 53.821 6.466 0.0195 0.1563  1.0000
The fU“y occupled Cu2—Cu3 SItes haVe a Sllghtlg" 4 2360+ 0.074 54.806 6.545 0.0253  0.1296  1.0000

eccentric coordination typical for the bismuthinite—
aikinite derivatives €.g., Kohatsu & Wuensch 1976) y A are defined in Balié-Zunié & Makovicky (1996) and
e centrol parameters used are definea m Bahc-Zunic viakovicl ai
The 70% occupled Cul pOSItIOﬂ approaChes this Slt kovicky & Balic-Zuni¢ (1998). The volume distortions are calculated using the
tion as well (Table 3) The 10% OCCUpIed sites hawedmum volume polyhedra for respective CN (7 = regular pentagonal bipyramid, 4
H _ gular tetrahedron) as ideal reference.
app,arently more,c,hStorted bond Iengths be,cause the pf olume distortion v = [V(ideal) — V(polyhedron)]/V(ideal) to be multiplied by
portion of S positions related to unoccupied tetrahe (ﬂm obtain percentage.
to those related to CU'OCCUpied tetrahedra in the Saﬁ%é/olume -based” eccentricity ECCy, = 1 — [(r,— AYr,’, where 1, is the radius of the
site is 9:1. circumscribed sphere and A is the distance between the sphere center (‘centroid’) and
the central atom.
The Pb1, 2 and 3 sites, related spatially to Cul-£3;Volume-based” sphericity SPHy = 1 —30,/r,, where o, is a standard deviation of

have typical lead—sulfur bonds. The partly lead- occlie s
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Fic. 2. The crystal structure of €sPhy 6Bis.sS12. In order of increasing size, circles represent partly and fully occupied Cu
positions, (predominantly) Bi sites, Pb and S. Void and filled circles represent atoms &tels, 2 A apart. Selected [001]
rows of Cu atoms are indicated.

Polyhedron-distortion parameters metrically “more efficient” coordination is caused by
the fact that in the ideal “split octahedron”, all bond
In the process of characterization of polyhedron digengths are equal, distorting the shape of its trigonal—
tortion (Balic-Zuni¢ & Makovicky 1996, Makovicky & prismatic part, whereas in the present structure the cat-
Balic-Zuni¢c 1998), a least-squares-fitted sphere is citen—ligand distances across the prism space are longest
cumscribed to the coordination polyhedron. Its volumef all, and the “prism flattening” just mentioned is lim-
is compared to that of the polyhedron and to the volunited or it does not take place. The larger deviation of the
of an ideal polyhedron with the same coordination nuapical” Bi atoms from the split octahedron model indi-
ber (CN), which is inscribed in the same sphere as thates that their lone pairs of electrons have steric activi-
observed polyhedron. This comparison (Table 3) yieldges higher than those of the “central” cations. The
a measure of polyhedron distortion. “Sphericity” is @rincipal difference between the Pb and Bi polyhedra
measure of the fit of ligands to the sphere, and “eccetemprises (a) larger polyhedral and sphere volumes for
tricity” expresses a displacement of the cation from tieb, (b) much larger eccentricity of Bi (demonstrating
center of the sphere (Table 4). All calculations have bed#sa active lone pairs of electrons), and (c) consistently
performed with CN = 7 for the large cations and CN fower sphericities for the latter element.
4 for copper. The central cations of tke,Ss ribbons The polyhedron volume and the fairly variable sphe-
(i.e., Pb1-3, Bi7-9, 12 and 13) have minimal polyhericity of Bi do not seem to depend on its position in the
dron distortions when compared with the ideal “splitibbons. However, the “central” Bi atoms have some-
octahedron” (monocapped trigonal prism with cation ivhat larger volumes of circumscribed spheres and
the capped wall and seven equal cation-ligand disigher eccentricities when compared to the “apical”
tances). The “apical” aniong€., the remaining Bi at- ones, in agreement with the conclusions reached from
oms) deviate more from this model, by several percetiite differences in their distortion coefficients.
toward theVd/V, ratio typical of the pentagonal  With the possible exception of Cu4, the volumes of
bipyramid (Makovicky & Balé-Zuni¢ 1998). circumscribed spheres and the polyhedron volumes for
The measure of distortion for the ideal split octahehe coordination tetrahedra of copper do not depend on
dron, when its polyhedron volume is takenVasand the Cu-occupancy factors (Table 4). However, the ec-
compared to that of the pentagonal prism takewj,as centricity of the weakly occupied Cu sites is apprecia-
equal to 0.1333. This value should be compared witily larger than the eccentricity of the (nearly) fully
the v values calculated for the observed polyhedra imccupied sites Cul — Cu3, which show values charac-
Table 4. The universal trend, albeit quantitatively difteristic for other aikinite—bismuthite derivatives.
ferent for the two coordination types, toward the volu-
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TABLE 5. POLYHEDRON DISTORTION-PARAMETERS FOR CATIONS KoHATsy, |. & WUeNscH B.J. (1976): The crystal structure of

IN Bi,8; AND CuPbBiS, gladite, PbCuBjSy, a superstructure intermediate in the
series BiS;—PbCuBig (bismuthinite — aikinite) Acta
Atom®™ CN  Sphere radius,  Sphere Polyhedron Volume® Eccen- Spher- Crystallogr.B32, 2401-2409.

std. deviation  volume volume  distortion tricity® icity®
KupCik, V. & VESELA-NoVAKOVA, L. (1970): Zur Kristall-
struktur des Bismuthinits, BS;. Tschermaks Mineral.

Bil(b) 7 2932+0.033 105574 35906 0.1012 0.3592 0.9659 N

Bi2() 7 294740032 107203 35463 0.1258 04050 0.9675 Petrogr. Mitt.14, 55-59.

Bil(a) 7 2968+0080 109.546 37.179 0.1031 03891 0.9193 .

Pbl(a) 7 3.061+0035 120167 40023 0.1199 02108 0.9657 Makovicky, E. & Bauic-Zunic, T. (1998): New measure of

Cul(@) 4 2350400 54389 6504 00240 00707 1.000 distortion for coordination polyhedrécta Crystallogr.
B54, 766-773.

(1) Cations in bismuthinite Bi,S; (Kup¢ik & Vesela-Novakova 1970) are denoted by .

(b), those in aikinite CuPbBiS, (Ohmasa & Nowacki 1970b), by (a). _ & Mkovicky, M. (1978): Representation of com-

(2) Definitions are given in the footnotes to Table 4. positions in the bismuthinite—aikinite seri€an. Mineral.
16, 405-409.

Comparison of the distortion parameters for, gu MOzGOVA, N.N., NENasHEVA, S.N., GuisTyakova, N.1.,
Phy ¢Bis.4S1» With such parameters for the corresponding MOSILEVKIN, S.B. & SvTsov, A.V. (1990): Compositional

o gy : . s il i fields of minerals in the bismuthinite—aikinite serldsues
positions in BjS; (bismuthinite) and CuPb Bi%aikinite) :

- Jahrb. Mineral., Monatsh.35-45.
(Table 5) corroborates the high degree of polyhedral and
modular unity in the structures of the bismuthinitemummve, W.G. & WaTTs, J.A. (1976): Pekoite, CUPbBS, g, a
aikinite series. All tenets postulated for the present struc- new member of the bismuthinite—aikinite mineral series:
ture are valid for the end-members as well. This its crystal structure and relationship with naturally- and
comparison also reveals the distribution of the increase synthetically-formed memberSan. Mineral.14, 322-333.
g tQSB‘?”'t'Ce” "O'Uhme. t(l}a@ dtakles place fﬁog’f?' to , VELIN, E. & WUENSCH B.J. (1976): Crystal chem-
u I3, among the individual cation polyhedra. istry and proposed nomenclature for sulfosalts intermedi-

. ate in the system bismuthinite—aikinite {8~CuPbBiS).
Epilogue Am. Mineral.61, 15-20.

The exceptional geological conditions at Felbertagmasa, M. & Nowacki, W. (1970a): Note on the space group
Austria, led to the formation and preservation of and on the structure of aikinite derivativégues Jahrb.

aikinite—bismuthite derivatives with ordering period- Mineral., Monatsh.158-162.
icities equal to four-fold multiples of the substructure

motif. This discovery leads to a revision of models for & __ (1970b): A redetermination of the crys-
the mechanisms of cation ordering in this series and of tlaé')ZSt;ul(fguge of aikinite [Bigf S| CU"Pb™]. Z. Kristallogr.

the tentative composition — temperature diagragdBi
— CuPbB;Sg. In addition to the present structural invespring, A. (1989): Structural disorder in aikinite and krupkaite.
tigations, the voluminous compositional and textural data Am. Mineral.74, 250-255.

obtained from that locality will be used in this revision. ) ) )
________ (1995): Annealing of synthetic hammarite,
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