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ABSTRACT

The six known phases in the aikinite_bismuthi_
nito series, aikinite, hammarite, lindstrdmite, krup_
kaite, gladite, and pekoite, were examined using
electron microprobe and X-ray precession camera
techniques._This study shows ihat these phases do
not have discrete stoichiometric compositions but
that limited solid solution exists. The iomenclatures
of the sulfosalts in this series (Moore 1967; Synedek
&.Hybler 1975; Mumme et al. 1976) were proposed
lsithout complete knowledge of the exisieoo ot
solid solution. After re-examination of the prob-
lems of nomenclature it is concluded thai th"
Moore and. Synedek & Hybler classifications, and
the name "rezbanyite", should be discarded. It is
al-so concluded that the nomenclature proposed by
Mumme et al, is valid. However, the 

-kno-wn 
com_

positional range for each species should be definect
as follows: aikinite Cur_*pbr-*BiSr*" with 04xz
!,29.; h y mm arite CurPb2Bi**Ss-r.r" with 0.4<xa0.1 ;
lindstriimite CuapbsBi?gs; krupkaite CupbBis-*S&1.5*
yith oaxaQ.!; gladite cupbBis_,se-1.5,- 

- 
with

OataQ.J; pekoite, ideal formula CuFbni'Sr., gen-
eral formula uncertain. In addition, ,everat new
Iocalities were found for hammarite, lindstriimit",
krupkaite, gladite and pekoite.

Sorvrrvrenp

Les six phases connues dans la s6rie aikinite_bis-
muthinite (aikinite, hammarite, lindstriimite, krup-
kaite, gladite et pekoite), aprEs 6tude i la microson_

de €t par diffraction des rayons X, d la chambre de
pr6cession s'avdrent 6tre des solutions solides i do-
mains restreint. Les diverses nomenclatures des
sulfosels de cette s6rie (Moore 1967; Syneiek &
Hybler 1975; Mumme et al. 1976) furent propos6es
dans I'incertitude de I'existence des solutions so-
lides. Un nouvel examen des problbmes de nomen-
clature conduit i discrdditer la classification de
Moore et celle de Synedek & Hybler, de mdme que
le nom de "rezbanyite", mais la nomenclafure pio-
pos6e par Mumme et al, reste valide. Toutefois. les
Iimites de composition doivent g11s d{finie5 corrlme
sttit: aiki,nite Cur-=Pbr-"BiSg -r.o", 04x40.29; hamma-
rlte Cu2Pb2BL*Ss1.5", 0.4<x<0,7; lindstrdmite
Cu"PbsBi"Sru; krupkaite CbPbBis-=S6.r.5o O<x40.4;
gladite C\PbBis-*Ss-r.so 04x40,3; pekoite formule
id6ale CuPbBi11S16, formule g6n6rale incertaine. On
d6crit aussi plusieurs gites nouveaux de hammarite,
lindstriimite, krupkaite, gladite et pekoite.

INl.nopucttoN

The sulfosalts (fable 1), aikinils, ham.marite,
lindstrdmite, gladite, and rezbanyite in the aiki-
nite-bismuthinite series were described as earlv
as the last century from Gladhammar, Kalmar,
Sweden by Lindstriim (1887-1889), plink (1910)
and Johansson (1.924). Each species was defined
on the basis of its chemical composition. Due to
the similarity in physical properties, X-ray pow-
der diffraction patterns, and continuous varia-

IABLE 1. LITERATURE DATA OF THE ATKINITE DERIVATIVES

Struc ture  ce ]  l
fomu la

Cu4PbdB l 45t 2

CUBPbBBI I  
6S36

cutZPb. l?BJ2gS6O

CUZPb?Bi 
65.1 2

Cu4Pb4Bi 
20S36

Cu^Pb-B i^^S- -
a  z  z t 3 6

bA  eA

n . 6 4  4 . 0 4

l  t . 5 8  4 . 0 1

i l . 5 7  4 . 0 1

Pbnn

Pbm

PbZp

4 .01  Pb7 rn

Pbm

PbZrn

Moore 's
( r  967)

notation
' l l - a i k i n i t e

32
t

; '

Synecek &
H y b l e r ' s  ( 1 9 7 5 )
nota t lon

' 1 , - a i k i n J t e

Mumne et al.
( 1 9 7 5 )

nomenclaturd

ai  k i  n i  te

ham'narite
'I 
i ndstromi te

krupkal te

gladi te

a A

I  I . 3 2

33 .45

56 .07
' 1  
1 . 1 5

33 .66

Space
gr0up

] l . 4 5  4 . 0 2

1 1  . 3 2  3 .  9 9

"12
' l^

?

*  Nomenc la tu re  approved by  c .nnn iss ion  on  New Minerars  and Minera l  Names,  I .M.A.
** l, l las not proposed by Synecek E Hybler.
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tion in chemical compositions between aikinite
(CuPbBiSia) and bismuthinite @izSa), Pad6ra
(1956) considered that these rninerals existed as
solid solutions intermediate to bismuthinite and
aikinite, and proposed tha,t the name rezbanyite
should be used to represent hammarite, lind-
striirnite, gladite, and all tle intermediate mem-
bers in the series.

On re-examination of the sulfosalts frorn
Gladhammar, Welin (1966) found several phases
with stoichiometric compositions between bis-
muthinite and aikinite. and with unit cells hav-
ing superstructures of aikinite. The individual
superstructure was characterized by the integral
multiple of the a-translation of the unit cell of
aikinite. The phases reported were Cu:PbrBiaS',
CusPbsBiTSls and CuPbBLS" (Iable 1). The stoi-
chiornetric compositions and the formation of
superstructures indicated that ordered structures,
i.e. non-random substitution between Bi and Pb.
most likely occurred in this serieso and conse-
quently Welin concluded that at least twenty
hypothetical phases with different superstruc-
tures and stoichiometry could be present in this
series.

Due to the close relationship among the su-
perstructures, Welin (1966) suggested that all
narnes, such as lindstriimite, hammarite, gladite,
and,rezbanyite should be disregarded and a new
nomenclature should be proposed based on a
structural relationship. Thus, on the basis of
Welin's superstructures, Moore (1967) proposed
a general formula, CuJb"Bis-"Sreo, for the phases
in this series:'Z represents the integral multiple
of the a-transla,tion in aikinite for the super-
structures, and r was assumed to be a multiple
of 4 to satisfy the equipoint requirements for
the. space groups observed for the aikinite deri-
vatives. Since only four Cu sites (i.e. four tetra-
hedral interstices) in each bismuthinite cell are
available,'the condition 4Zlx must be satisfied.
Consequently, a cl'assification was proposed on
the basis of 7, where n = x/ 4, the numbers of
lead atoms in the a$"mmetric unit. Accordingly,
gladite (CuPbBtSt was named 3'-aikinite; ham-
marite (CurPbfi,Sl!), 32-aikinite; and lindstriimite
(Cu.Pb'BizSs), 5'-aikinite Clable 1).

The discovery of the new minerals km,pkaite Samllellalfed as aikinite from world-wide

with the composition CurPbrBiss[, and unit cei occulTences were obtained from the National

pb2tn, a = LL.]IS, O JTLli',"7"='i.Oa Vril 
Mur.u* of Natural History-Smithsonian Insti-

et al. 1975;Large & Mumme 1975) and p"toiii tution, Washington; Geological Survey of Can-

with the 
"o-po.itioo 

CuzPbrBissSse-ana unit ceU ada, Ottawa; Royal Ontario Museum' Toronto;
pb2rm, a : 33.5O, b : 11.32, c = Z.ggi and several from individuals. The description

Mdin" et at.- Igiq' indicails-irrJ tailure oi and source of each sample are listed in Table 2.

l\{oore's classification. According to Moore, both Each sarnple was studied by electron micro-
minerals would have an r of 2 and n of /2, probe analyses, by X-ray powder diffraction
which is not allowed in his classification. Re- using Gandolfi and Debye-scherrer cameras, by
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cently, Synecek & Hybler (1975) proposed a new
classification using the sa,rne general formula
proposed by Moore excqrt tlat r can be any
value in the interval Oax44Z. Accordingly'
gladite becorne 3a-aikinite; aikinite is la-aikinite;
ham,marite is 3a-aikinite; and krupkaite is l,-aiki-
nite.

Crystal structure analyses show that the aiki-
nite structure can be derived frorn that of bis-
muthinite by placing Pb at the interior five+o-
ordinated Bi positions in the q-uadrupole chain,
while Cu is added.to a tetrahedral interstice. The
subatitutions cause no major distortion of the bis-
rnuthinite arrangement, and tle atomic positions
in aikinite (Ohrnasa & Nowacki L97Oa; Kohalsu
& Wuensch 1971) remain rernarkably similar to
those in bismuthinite Kupcik & Vesela-Nova-
kova 197O).

Ohmasa & Nowacki (197Ob) introduced three
types of ribbons to interpret the superstructures
observed by Welin. The ribbons proposed. are
(a) Cu,Pb'BizS'-ribbon, O) BLsu-ribbon, and (c)

CuPbBLso-ribbon. The CugFbzBLSu- and BinSu-
ribbons were known in the structures of aikinite
and bismuthinite respectively, and the existence
of Cu.PbBLSo-ribbons was later observed in the
structures of krupkaite (Synecek & Hybler 1975;
Mumme 1975) and gladite (Kohatsu & Wuensch
1973; Synecek & Hyblet 1975). The crystal
structures sf aikinite, krupkaite, and gladite, as
well as the superstructures observed, indicate an
ordered distribution of Pb and Cu atoms in the
strugtures.

In an investigation of the rninerals in the Cu-
Pb-Bi-S system, the present writers have iden-
tified all the reported natural phases, including
the new mineral pekoite, in the aikinite-bismuthi-
nite series. Instead of stoichiometric composi-
tions suggested by Welin (1966), a limited range
of solid solution was found for some of the
phases. Since no solid solu'tion of the phases had
ever been reported, a detailed study on the
chemical ccrmpositions and superstructures of the
intermediate phases in this series seemed war-
ranted.

MATERIALS
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TABLE 2. Descriptions of the Materials Stud.ied

Sanple No. Original Descriptions and Source

I  a n d  2 .  R e z b a n y i t e - f r o n  D o b s i n a ,  H l r s h k o h l u n g ,  S ] o v a k l a ,  c z e c h o s l o v a k i a .  A s s o c i a t e d  w i t h

i l i l i t l{ i l l"mfii l ' i ' i io};:)l:t" '  *aces or spharerrte and sarena (smrthsonJan

Aik in i te  f rom Na lca ,  Mex ico ,  Assoc la ted  w l th  wo l , las ton , i te ,  cha . lcopyr i te ,  spha ler i te ,
tennant i te ,  te t radymi te ,  w j t t i chen. l te ,  and hodrush l te  1O.S.C.  co f f l i t i ; ; i . - '

A lk in i te  f rom Berezovsk ,  Ekatek inborg ,  Ura . t  (R .0 .M.  co l lec i lon) .

Phenak i te  w i th  a lk in i te  inc rus ions  f rom san Mlgue l  d r  p i racrcaba,  Braz i l  (smi thson ian
Ins t i tu t lon  NMNH B 19924) ,

A laska i te .and argent i fe rous  ga ]enob ismut l te  f rom Nevada,  U.S.A.  Assoc la ted  w i thc n a r c o p y r l t e '  b i s m u t h r n i t e ,  a n d  a  p a v o n i t e - 1 . l k e  m l n e r a l .  ( G . s . c ,  c o l l e c i l o n ) .

A lk in i te  f rom S l lver  Mi1 le r  mine ,  Coba l t ,  on tar io  (Sml thson ian  Ins t l tu t lon  NMI{H 
.106760; .

A lk in i te  and cosa l i te  f rom Temlskaming,  Quebec (G.S.C.  Co. l , lec t ion) .

A lk ln i te - ln  quar tz  f rom Cucomungo Canyon,  Esmera , lda  Co. ,  Nevada,  U.S.A.  (Sml thsonJan
Ins t l tu t ion  NMNH 120581 l .

A i k l n l t e ,  U . s . S . R .  ( s m i t h s o n i a n  I n s t i t u t i o n  N M N H  c  7 7 1 ) .

A ik in l te . f rom. .Ba l  l , s  mine ,  L . i t i l e  Cot tonHood d ls t r i c t ,  U tah ,  U.S.A.  (Smi thsonJan
Ins t i tu t ion  N l i lNH 105571 ) .

A ik ln i te  showlng exso lu t ion  o f  two a lk ln l te - type  phases ,  f rom Bern ic  Lake,  Man l toba.Assoc la ted  w l th  gus tav i te .

A lk in i te .shor ing  exso lu t ron  o f . two a ik in r te  type  phases ,  r rom BreJu in  cu 'e is  Novos  n ine ,R io  Grande de  Nor te ,  Braz , l l .  Assoc la teO wj tn - ia t i ve  U i imutn .

7

'10

' l l

l 3

Iden t l  f l  ca t i  on

Ai  k in i  te

Ai ki nl te

A i  k i  n i  te

A lk ln l te

Hanrnafi ter

Ll ndstromi te*

Krupkai te*

Krupkai te"

Krupkai te*

Krupkai te*

S lad l te  (b lebs)*
Peko l te  (hos t ,

G lad i te  (b tebs ; *
Pekolte {host)

*  These are  nevr ' loca l i t ies  fo r  the  mJnera ls  in  the  a ik , in i te -b lsmuth in i te  ser les .

X-ray sjngle crystal methods, and by reflectcd
Iight microscopy and etching tests.

Cnrurcar, ColrostrroNs AND X-RAy Surlcrs
Cnysrer Der,l

_- Electron microprobe determination of Cu, pb,
Sb, Bi and S were performed at 25 kV with a
Material Analysis Com.pany (MAC) Model 400
electron probe using a synthetic Curpb2BLS".5
prepared by Springer (1971) and an antimonian
bismuthinite as standards. The X-rav intensities
were corrected for drift, dead time, background,
absorptioD, fluorescence and atomic iumber
using .a computer program (Rucklidge & Gas-
parrini 1969). The results are tabulated in Table
3 - and plotted in a CurS-pb$Bi,S" diagrarn in
Figure 1.

The choice of standards for analvses in the
eikinite-bismuthinite series is very important.
Using a synthetic standard Curp-brBLSir.s, the
Cu/Pb ratio in these phases is close to 1. With
standards such as synthetic AgBiSz, pbS, and
CuS, the CulPb ratio was always (1, approxi-
mately O.9. Combination of standards su h a,
metaruc Cu and Bi, PbS, and FeSz, gave the
poorest results, both in Cu/Pb and Bi. There-
fore, it is likely that any deviation from the
ratio 1:1 for Ch:Pb indicates inaccuracy in
analysis or is due to interference from exsolved
phases or adjacent minerals.

The sixteen analyses show that approximate
continuity in compositions exists between aiki-
nite 'and gladite, at least for compositions cor-
responding to aikinite and krupkaite. For co,m-
positions between gladite and bismuthinite, an
exsolution between gladite and pekoite (analyses
12b & 13b) was observed in the samples from
Bernic Lake, Manitoba @ig. 2) and from Rio
Grande de Norte, Brazil.

The fragments pre-analyzed by eleotron mi-
croprobe were extracted from the polished sec-
tions, identified by Gandolfi X-ray films, and
studied by the X-ray precession method using
MoKa radiation. T!r'o axial directions were
precessed for each crystal, and two to,three reci-
procal layers were taken for each precessed axis.
The cell parameters (Iable 3) were refined from
the X-ray powder data.

All crystals studied show a pronounced com-
mon subcell, Pbnm with a' -LL.2, b' -11.6,
and c' -4.04. The true cell has a space group
symmetry either Pbnm or Pb2tm, with a leing
a multiple of that of the subcell and D and c
unchanged.

Aikinite

The mineral in samples No. I to 5 has a
chemical corrrposi.tion close to CuaPbdLSrz. Its
unit cell: Pbnm, a - 1L.3, b : 1I.6, and c =
4.0A, therefore corresponds to aikinite. (Cu or
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TABLE 3. COMPOSITIONAL AND CRYSTAT DATA OF THE SULFOSALTS IN THE AIKINITE-BISMUTHINITE STRIE5

Sample No. Cu Pb 8l Sb s Total wt% Fornular aA* bA tA Space Grcup
Ai kJni te. 1 . 1 0 . 0 1 3 3 . 3 7 3 9 . 4 6 0 . . 1 8 1 7 . . 1 3 . 1 0 0 . . 1 5 C u 0 . 4 : P b o . a s B 1 t . o o S z . e t . l . l . 3 3 1 1 . 6 2 4 . 0 2 P b m

Z g . f f i  32 .55  40 .40  0 .15  16 .78  99 ' 74  CuO.e lPbO.g lB l t .OO52 .7 l  l l ' 33  11 ' 62  4 ' 02

3 9.57 31.74 4l  '37 0.0 17.07 99.75 Cuo.TOPbO.ZTBi l ,0052.67 l  l  '33 l  l  '60 4 '02 Pblm

4 g.54 31.6s 4l  '72 0 '39 17.15 I00.48 Cro.74Pbo.75Bit ,ooSz.6l  l ' l  '32 l  l  '60 4 '01 Pbm

5  9 .36  30 .27  42 .69  0 .28  17 .16  99 .76  Cuo .7 lPb0 .7 lB i l . o05? .oO  l 1 ' 31  l l ' 60  4 ' 01  Pbm

Hamarite
6a 8'43 28.94

6b 8.O7 26.54

Li ndstrbni!e
7  6 . 9 0  ? 2 . 3 3

Krupkai te
17.81 99.28 Cuo.goPbl .o 'Biz.o6Ss.ol  I  1.23 1 l  '56 3 '99 PbZrn

17.78 100.90 Cuo.98Pbt.o0Blz.o4Ss.sO 11.?2 l l  '52 3 '97 Pb2"tn

'17.69 100.48 Cuo.ggPbt.ooBlz.g. l55.og 11 .22 1 1.57 3 '99

17.76 99,73 Cuo.g7Pbt.OoBlz.geSs.g6 l  l . l7  l I .5 l  3 '98 Pb?' tn

Gladi te (b lebs 1n exsolut ion)
l za  4 .1  13 .7  60 .1  2 .6  18 .3  98 .8

l 3a  4 .37  12 .66  65 .10  0 .0  18 .38  100 .51

Pekoi te (host  in exsolut ion)
12b 0 .6  l .  l  75 .0  3 .5  19 .0  gg .2  CuO.OSPbO.O:B iZ .OOS: .O.  33 '45  i  l  ' 37  3 '98  Phm?

' l3b  
0 .98  l .07  79 .87  O.O 19.03  

'100.95  
CuO.OgPb. .O3Bi2 .OOs3. '  33 '45  l l  ' 37  3 '98  P 'm?

* 5b ls lncluded ln Bi category.

*r The standard devlatlons of 4 paraneters for aikinite and krupkalte are o.Oo each; for hamarite, gladlte' and pekoite

are  O.0 l i  fo r  l inds t r f imJte ,0 .03 .  The s tandard  dev ia t ions  fo r ,  and c  parameters  a re  0 .00 .

46 .94  0 .0  17 .46  101 .77  Cuo .gsPb , l .OoB i t . e t 53 . s9

48.33 0,0 17.31 100.25 Cu, l . 'OPbl .OOBit .goS4.ZZ 33'86 l l  '56 4 '01 Pbtm

53.07 0.44 
'18.09 100.83 Cu. l . .oPbt.ooBlz.agS5.zz 56"15 l1 '56 3 '99 Pb?rn

I  6 .05  20 .41  55 .01  0 .0

9  6 ,29  2 l . 03  55 .80  0 .0
'10 6.02 20.08 56.09 0.61
' l l  5.75 19.30 55.72 1.20

Pb)/Bi ranges from 0.85 to O,71, and the cell
dimensions decrease slightly with decrease in
this ratio. The four tetrahedral oavities in the
busmuthinite structure permit a maximum of 4
atoms of Cu or Pb in tle aikinite structure. Con-
sequently, the (Pb or Cu)/Bi ratio is limited to
4!, and deviations from 1 indicate vacancies
in Cu (or Pb) sites in the structure.

Analysis No. 5 (Iable 3) corresponds to
Moore's (1967) hypothetical composition Cuzo-
PbroBizssrr, which is 6u in his classification and
would have Z = 6 (the integral multiple of the
d-translation). Similarly, analysis No. L corres-
ponds to Cu".r.Pbr.uuBia.aaSn(Z = L2), analysis
No. 2 to Cus.eoPbg.u0Bia.<.Srr, (Z = 10), and anal-
ysis No. 4 to Welin's (1966) Cua.€Pbu.*BL.u'S',
(Z - 7). The four phases (Nos. 1, 3, 4, 5) have a
of 11.3A and no superstructure. Very weak dif-
fuse streaks observed along c* on precession
photographs of samples No. 3 and 5 are attri-
buted to stacking disorder along this direction.

Hammarite

The mineral in sample No. 6 has a composi-
tion that corresponds to hammarite and has a
unit cell: Pbnm, a : 33,86, b : LI.56, and c

CuO.ggPb. l .OOBiq .OTSg.O:  33 '50  1 t .37  3 .98  Pbm

C r t . t : P b . l . O O B i S . t O S 9 . : g  3 3 . 5 0  I  1 . 3 7  3 . 9 8  P b m

:4.01A. The two analyses (Nos. 6a, 6b) from
two different grains have Pb/Bi ratios of O.55
to 0.60. These, as well as Welin's sample RM
24098t 1 which is Cur.srPbr.rrBfu.ooSrr.r, with Pb/
Bi 0.55 (or 0.51?) and has a similar unit cell'
suggest an ideal formula of C\rsPbaBi'uS'u for
hammarite.

The present data show that the solid solution
rang" of hammarite covers two of Welin's hypo-
thet'ical compositions, CurPbrBisS'z (with Pb/Bi
: 0.60 and Z :4) and Cur.sPbr.sBis.,Srz (with

Pb /B i :  0 .54  and  Z :10 ) -

Lindstrbmite

The mineral in sample No. 7 with composition
Cur.ooPbr.ooBi:.goSs.zz and unit cell Pb2tm, a :

56.15. b : LI.56, c : 3.994 i5 ldsfticfl with
tl" tioOrtto-ite ttiM 24loo:3) reported by We-
tin. The observed Pb/Bi ratios of. O.42 and O'43
for sample No. 7 and RM 24100:3, respectiv€ly'
imply that lindstriimite most probably is stoichio-
metric CurrPbr"BiztSuo.

Only very weak streaky reflections were ob-
*"rv"d for ihe superlattice on the single crystal
photographs. However, the reflections clearly in-
Oi*t" u unit cell witha=Sa!, and the space group
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55 65 75
Frc. l. The distribution of the sulfosalts studied in tle Cuz$.pbs-Birss diagram.

Mole %

c2-o

Welin 1966; Synecek & Hybler 1975). Their
Pb/Bi ratios are both about 0.21.

X-ray single crystal work on fragments, each
consisting mainly of an exsolved bleb, gave
Pbnm, a = 33.5O, b = 11.37, c = 3.98A. thus
confirming their identification as gladite.'

Pekoite

The host grains of the exsolutions have com-
positions (No. 12b, 13b) very close to bismuthi-
nito but with minor amounts of Cu and pb. X-
ray single crystal work of several fragments re-
vealed only one unit ce17: Pbnm, a = 33.45n
b - 1 I . 3 7 , c = 3 . 9 8 A .

Exsolution amotrg aikinite phases has been
fqgrt"d by Welin (1966), Ramdohr (1960, p.
187), and Correia Neves e/ al. (1974). Large &
Mumme (1975) reported several aikinite exsolu-
tions (No. t host and No. 2 bleb; No. 3 host and
4 bleb; No. 5 host; No. 6 host; Fig. 3) from the
Juno mine, Tennant Creek, Australia. These
exsolution pairs have Pb/Bi ratios of: O.06 (hosr
crystals) and 0.18 Oleb); 0.M (host) and 0.21

45

Pb2'm. The hypothetical phase with identical
composition and cell dimensions, but with spacc
group Pbnm (Synecek & Hybler 1975), was not
found.

Krupkaite

The mineral in sarnples No. 8 to No. 11 has
a general composition CurpbrBius[, with unit
e,ll: Pb2tm a -17.20 b -LL5, c -3.99A, cor-
responding to the krupkaite described by Zak
et.al. (t975) and Syne&k & Hybler (L97Si. pb/
Bi ranges from 0.37 to O.33, and cell dimensions
decrease with decreasing pb/Bi ratio.

The hypothetical phase CrupbaBirrSra, with
space group Pb2rm and Z :2 Moore 1967;
Synecek & Hybler 1975) has not been found in
nature.

Gladite

Samples Nos. 12 and L3 have two exsolved
glases (Fig. 2) whose compositions (Nos. L2a,
13a) are identical to that of gladite (Cu,pbgi,oSa",

" a2a

"."

i-t



THE AIKINITE.BISM{'TIIINITE SERIES 199

Frc. 2. Exsolution of gladite (blebs, heavily etchecl)
and pekoite (host, lightly etched) from Bernic
Lake, Manitoba. Etched with HNOg 1: I for 60
seconds.

(bleb); 0.08 (host); and 0.10 (host). It is obvious
that the exsolved blebs are gladite, whereas Pb/
Bi in the second phase (host) ranges fiom 0.04
to O.1O. This second phase is pekoite, CurPbrBire
(S,Se)ge, Pb2tm, a = 33.'744, b = 11.472, c =
4.016A (Mr.mme et aL 1976). The low-Se phase
of this mineral was reported to have a : 33.504,
b : I I . 3 2 2 , c : 3 . 9 8 7 4 .

Experimental work by Springer (1971) in-
dicated that a complete solid solution exists be-
tween aikinite and bismuthinite above 300"C.
The exsolution in the natural rnaterial suggests
that a miscibilif gap exists between gladite and
a more Bi-rich aikinite phase. The gap may form
below 30O"C.

The exsolutions of the two aikinite phases
from Bernic Lake, Manitoba (No. 12), from Rio
Grande ds Norte, Brazil (No. 13), and those
from the Juno mine all may be of the same type.
That is, they are exsolutions of gladite and pe"
koite wherein a high Fb/Bi phase exsolves with
a low Pb/Bi phase. Composition differences
arnong the exsolved phases may indicate tha,t the
exsolution processes were in some way quenched
at different temperatures during the geological
evolution. The exsolved pairs from Bernic Lake,
or Rio Grande de Norte, with the highest and
lowest Pb/Bi values for gladite and pokoite re-
spectively, most probably have reached equili-

brium; the exsolved pair from Juno mine with
Pb/Bi lowest for gladite and highest for pe-
koite may have been quenched at a higher tem-
perature. The wide compositional range of pe-
koite perhaps indicates a shallow slope of the
solvus @ig. 4).

X-Rlv Powpsn DrnmecrroN Dere eNp
Prrvsrcer- Pnopenrlss

All the sulfosalts in the aikinite-bismuthinite
series have a pronounced cornmon substructure
which resembles the structure of bismuthinite,
and all have similar X-ray powder diffraction
patterns. Although intensities and d-values grad-
ually change with composition variation, powder
X-ray diffraction data do not uniquely character-
ize the individual species in the series.

The physical properties of the phases change
gradually along the series, but all phases are
very similar in reflected light. For example, aiki-
nite is creamy white to pale brownish (in atr)
with distinct or strong bireflection and distinct
anisotropism; bismuthinite is slightly greyish or
bluish, with fair or distinct bireflection and very
strong anisotropism. Krupkaite is greyish white
in air, and has a pale brownish tint as compared
with the bluish tint of bismuthinite, Aikinite is
usually granular and fractures, whereas bismuthi-
nite has better cleavage, has straight cracks, and
is lathlike.

I{NOg (1 :1) etches easily with effervescence
and blackens the surface of all phases in the
series. The light brown stain from FeCla usually
distinguishes the members of the aikinite series
from bismuthinite.

Reflectances were determined with a Leilz
MPE microscope photometer using a calibrated
silicon standard (N 2538.42, issued by I.M.A.
Commission on Ore Microscopy). Microhardness
values were determined with a Leitz Durimet
hardness tester. Results for both are given in
Table 4.

The calculated densities for the phases in
this series range from 7.L for aikinite to 6.8 g/
cme for pekoite. Measured values obtained with
a Berman balance are 6,91 for aikinite, 7.10 for
lindstriimite, and 6.89 g/cm' for krupkaite.
These and data reported in the litera,ture (Fig.
5) indicate a gradual decrease in density from
aikinite to bismuthinite.

NoveNcr-eruRe

Six phases, CuPbBi$, Cu2Pb'Bi4S& C&Pbr-
BizSs, CuPbBlgS., CuPbBio$e, and CuPbBiuSre
are currently known as minerals in the aikinite-
bismuthinite series. These are recognized as
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KNOVN

SUGGESTED

Frc. 4. The known compositional ranges, in terms of mole Vo Bi2$ in the Cuz$PbS-BirSs system, of

the sulfosalts and the miscibility gap observed in the aikinite-bismuthinite series.

%
E

ordered phases with stoichiometric compositions
for which Mumme et aI. (1976) proposed the
naro"" aikinite, hammarite, lindstriimite, krup-
kaite, gladite, and pekoite, respectively Clable 1).
Because Pb tends to order into the maximum
number of Bi,S"-ribbons and form the CuPbBisSo-
ribbons, as in the structures of krupkaite, pe-
koite, and gladite, Mumme et 4/. suggested that
Moore's classification should not be retained.

Table I summarizes the species recopized in

o rneos.
o colc.

(Cu + Pb) /Bi

Frc. 5. The measured and calculated densities for the sulfosalts 1o 11g aikinite-bismuthinite series' Speci-

men numbers are listed in Table 2.
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this series, and the nomenclatures most com-
monly used in the literature. The following prob-
lems warrant further discussion.

Rezbanyite

Rezbanyite is the oldest name used for a
mineral representing an intermediate phase in
the aikinite-bismuthinite series. The original
formula of Frenzel, PbaBiroSr", (in Dana 1892' p.
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TAELE 4. FEFLE9TAilCE AND I,ICR0-INDENTAII0N HARDilESS

f,avelength Mlcro-Indentailon Hardness

1

3

4

7

8

l 0

l t

41 .6-48 .2  43 .9

40.9-47.4 44.6

42.2-46 .6  44 .5

40.7-46.3 43.2

43.0-47.2 45.6

42,6-47 .6  45 .1

39.6-46 .0  42 .5

44.8-46.9 44.2

39.9-46 .7  43 .8

40.5-45 .0  42 .6

40.0-48.0 43.5

40.2-46.9 43.7

40.7-45 .6  43 .1

39,4-44.7 42.2

41.5-46.2 44.6

4 t .0 -46 .2  43 .9

38.2-43.6 4l . I

40 .8-45 .8  43 .2

38,1-45.3 42.2

38.7-43 .6  4 t . l

39.4-47.0 42.9

38.5-46.3 42.4

39.7-45.3 42.6

38.7-43 .8  41 .5

40.7-46.0 44.0

40,7-46.5 43.7

38.2-43 .9  40 .8

40.7-45.7 43.1

37.3-45 .3  41 .8

37.9-42.9 40.6

38.4-45.2 42.0

39.2-45.9 42.7

40.2-45 .4  43 .0

37.4-43.5 40.6

40.6-45 .0  43 .5

39.7-45.9 42.9

36.4-43 .3  40 .0

39.6-M.9 42.4

36.7-45.1 41.2

37.4-42.4 39.6

177-230 199

248-250 249

195-210 202

'174-183 
t80

247-265 255

202-225 212

213-245 223

208-231 229

194-219 208

lll) was derived from analyses made on i.mpure
material, probably largely cosalite, from R&ba-
nya, Hr.rngary. From another reported occur-
L""cg 9f -rezbanyite at Vaskii, Hungary, Kock
(in Palache et al. l9M) derived t[e 

'formula

PbCu,BiroS'". Pad6ra et al. (1955) suggested that
the formula for rezbanyite is 

'Cu"ibJiroSr".u.

Because of the similarity of physical properties
Td I:tu{ powder patterns urnong the-phises in
the aikinite-bismuthinite series, paO6ra (t956)
concludrjd that a conrplete solid solution existed,
T.q"thlt rezbanyite should be used to represent
all the inteimediate members.

Afanaseva & Vyal'sor (1971) used the name
rezbanyite for a mineral from the Kafan deposit,
USSR. Tbeir composition, Cur."opb,..oBi".rnS,r.
conesponding to Cu:pbaBiroSre, is commonlv
used for rezbanyite in the literature even thousfr
rezbanyite is usually described as a member ln
the aikinite-bismuthinite series. Moreover. min_
erals identified as rezbanyite have been found to
:91!i{ ,of several species, such as gladite @M
24097 by Welin 1966), and aikiniti CNo. i in
this study).

Synecek & Hybler's classificatiow

lynecek & Hybler (1975), using the same gen-
eral formula proposed by Moore (1967), pro_
posed a new classification in terms of Z" wiere
0(x(42. By operating the n-guide plane, with
systematic restriction of some of the svmmetrv
operators, on the basic bismuthinite (or aikinite)
structure-, they correlated the space group sy.m_
metry of each superstructure with the Z-and x.
As noted by Synecek & Hybler, Z, can be com_
mon to several different phases in the aikinite-
bismuthinite series. For exarnple, 5rz defines only
the cell dimensions; the space group symmetry
can be either Pbnm or pbZtm, and ls iherefore

not necessarily that of lindstr6mite. Similgly, 3
mineral with the composition CuPbBLSo in the
asymmetric unit can be either krupkaite (i.e. l)
or the hypothetical phase 24with the same space
group sym.metry.

Range ol solid solution

The results of the pres€nt study show that
limited ranges of solid solutions exist in the aiki-
nite-bismuthinite series, at least for some of the
intermediate members. Although solid solutions
werd also consi,ilered by Padera (1956) and Kup-
cik et aI. (1969), their conclusions were not ac-
cepted by Welin (1966) because of the lack of
single crystal data to support .tleir arguments.
Although Welin's analyses also indicated possible
solid solution, the three phases he studied by
the single crystal method were stoichiometric.
Consequenfly, Welin derived twenty theoretical
phases which allowed almost no range of solid
solution for the aikinite-bismuthini.te series.
Moore (1967) and Synecek & Hybler (1975) sub-
sequently proposed the classifications which
dealt mainly with these theoretical phases, and
which could accosmodate onlv the stoichio-
metric compositions. The possibility of a lim-
ited amount of disorder of some atoms among
the structural sites available was pointed out by
Mumme (L975), who also established that up
to 2OVo of the Cu atoms in the krupkaite struc-
ture were disordered.

Figure 3 shows the compositions of the phases
in the aikinite-bismuthinite series observed in
this study, as well as the electron probe analyses
reported by Large & Mumme (1975), Borodaev
& Mozgowa (1971), Welin (1966), Povialytis er
al. (1969), Ohmasa & Nowacki (1970a), Zak et
al. (1975), Synecek & Hybler (1975), and Nico-
laou & Hakli (1970). The phases confirmed by



X-ray single crystal work are indicated.
The data indicate that extensive solid solution

is present in.aikinite, hammarite, krupkaite, and
gladi.te, and that pekoite exsolved in gladite has
a wide,range of composition which closely ap-
proaches that of bismuthinite. The known com-
positional range for each phase and the hypo-
thetical miscibility gap between gladite and pe-
koite are indicated in Figure 4.

' CoNCLUSIoNS

(1) No unique crystal-chemical data can be at-
tributed to rezbanyite, which should be dis.
credited.
(2) The Synecek & Hybler (1975) classification
should be abandoned.
(3) Names proposed by Mumme et al. (1.976),
i.e. aikinite, hammarite, lindstriimite, krupkai'te,
gladite, pekoi.te, and bis.muthinite as membErs
of the aikinite-bismuthinite series, are valid.
However, the known compositional range for
each species should be indicated as follows:

(a) aikinite: ideal formula CuPbBiSs, gen-
eral formula Cur-Jbr-"BiSs-
r.s" where O{.r{O.29.

(b) hammarite: ideal formula C\rgPbs3iase,
general for.mula CurPbrBi+'
Ssr.s, whete 0.4(.r{0.7.

(c) Iindstrbmite: stoichiometric formula Cue
Pb"BizSns.

(d) krupkaite: ideal formula CuPbBieSe, Ben-
eral formula CuPbBLS*r.s,
where O{r{0.4.

(e) eladite:

(f) pekoite: ideal formula CuPbBi'rS",
general for'rnula uncertain.

(g;) bismuthinite: ideal formula BiuSs, with pos-
sible minor substitution of
Cu and Pb.

The details of the crystal chemical prq>er'ties
of the species are discussed as follows and are
summarized in Table 5.

Aikinite

The compositions of grains confirmed by srn-
gle crystal data (Fig. 3) show a range of sohd
solution from 27 to 32 mole Vo BirS" along the
CuPbBiS"-Bi,S' join. Ohnrasa & Nowacki
(l970a) have shown by crystal structure analysis
that aikinite has an ideal composition of Cu4Pb4-
BiaSrs; therefore, it is concluded that composition
varies at least from 25 to 32 mole Vo BirSu. Be-
cause the struotural sites available require that
the Cu (or Pb)/Bi not exceed 1, a general for-
mula Cur*Pbr-"BiSa-r.s" is proposed' where
0(.r(0.29. However, if disorder is permitted
for Pb and Bi, the general formula will be
Cur:Pbr-"3ir+"Sa, where 0(x(0.17.

Aikinite contains only CurPb8irS-ribbons in
the structure (Ohmasa & Nowacki L97Oa], Kohat-
su & Wuensch l97l), and has the space group
symmetry Pbnm wrth a -11.33, b -Ll.6t, c
-4.O24,
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ideal formula CuPbBLS,, gen-
eral formula CuPbBir*Sg-r.r"
where 0(.r(0.3.

TABLE 5. CRYSTAL.CHEIIICAL DATA OF THE KNOUN T4INERAL SPECIES IN THE AIKINITE.BISMUTHINITE SERIES

Mineral+

Alk in l te

Hanmarlte

Llndstromite

Krupkai te

Gladl te

Pekolte

Bi smuthl ni te

Compositlon (Knom)

Cu. Pb,  BIS- ,  -
t - 4  t - c  J - t . s

03u10.29

C u - P b - B i "  S ^ . .  3 x l i . 2 9
c  I  + - 4  t - t . w
0 . 4 < r < 0 . 7

Cu3Pb38'l75l5

L U f D b t ^  ) -  -  -

0<c<0.4

C u P b B l -  S ^ ,  -  3 x ] l . l 7
0<r:0.3

CuPbB l , .S , ^  3x l l . 17
|  |  l o

Bt^s -  I l . l 2
1 5

Space Uni t  cel l
qroup content

r m 5

Pb?"tn 4

Pb?rn ?

PbZ.tn

Structur€ elenents

Cu2PbZBl A56-ri bbon

CuPbBl 3S6-ri bbon

one Bl4s6-rtwo cuPbBi356-
r ibbon

Two Bi4s6*Fone CuPbBi3s6-
r ibbon

Bl 4s6-rJ bbon

a(A)

'11  
.33

5xl I .23

11.22

l  l . 6 l

l l . c o

i 1 . 5 6
' I  
I  .55

'I 
I .37

t t . 5 a

' | l . 25

4 . 0 1

3 .99

3 .99

? o q

t o o

? o 7

rU)
4.02

b (A )

r Possibly conslsts of CurPbrBlrS6-and cuPbBl3s6-ribbons (0hmasa & Nowacki 1970b).
+ Nomenclature follows Murlne et al. (1975).
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Harnmarite

Microprobe analyses and single crystal data
show a compositional range from 35 to 38 mole
Vo Bi,& along the CuPbBiSs-BizS, join. The com-
position corresponds to 0.4{r{0.7 in the formu-
la CurPbrBi*"Sor.s".

Hammarite has the space group symmetry
Pbnm with a = 33.86, D : 11.56" c = 4.01A.
The crystal structure possibly consists of Cu"ph,
Bi:Sr and CuPbBissrribbons (Ohmasa & No-
wacki 197Ob).

Lindstrdmite

The analyses (Fig. 3) indicate that lindstrii-
mite may be stoichiometric CuaPbgBi"Srr. Its unit
cell is Pb2tm, a = 56.75. b = 1,1.56. c : 3.99A.
The structure ,may consist of CuzPb:BizS,u- and
CuPbBLsc-ribbons (Ohmasa & Nowacki 1970b).

Krupkaite

Compositions of grains confirmed by single
crystal data range from 46 to 50 mole lo BizS"
along the CuPbBiSr-BisSu join. The compositions
correspond to 0{x{0.4 in the formula C\rpb-
Bi"--S.r.o. Several analyses close to that of
krupkaite, but without confirmatory single crys-
tal data, have been reported (Fig. 3). These, if
valid, and the original krupkaite analysis (Zak
et al. 1975), indicate a range from 46 to 55 mole
7o Bi,Ss. This suggests that there may be sub-
stantial disorder between Pb and Bi, and indi-
cates a general formula Cur_"Pbr-"Bis+,Se, where
-0.13{.r(0.14.

Krupkaite has only CuPbBigSe-ribbons in the
structure (Synecek & Hybler 1975; Mumme
7975), and, has a unit celT; Pb21m, a nlt.22,
b -7'1..55, c -3.994.

Gladite

Microprobe analyses together with single crys-
tal data show a compositional range from 60 to
63 mole Vo BizSs, corresponding to 0(r{0.3 in
CuPbBis"Ss-r.r". II the analyses, unconfir'med by
single crystal data, from the exsolved blebs are
also taken into account, the compositional range
extends to 65 mole % Birsa.

The structure consists of BLSo- and CuFbBisSr
ribbons in a ratio of. I:2 (Kohatsu & Wuenscb
1973; Synecek & Hybler 1975). The unit cell has
the symmetry Pbnm with a -33.5O, b -IL.37,
c -3.98A.

MINERALOCIST

mole Vo BirSa, is unusually large; the true com-
positional range is uncErtain.

Pekoite dessribed by Mumme et al. (1976)
has the composition CuzPb:Biz:Sse and a unit cell:
Pb2tn, a = 33.5O, b = 11.32, c = 3.99A. The
structure consists of CuPbBLSe- and BiaS-rib-
bons in'a ratio of 1:2.

Bismuthinite

Bismuthinite, ideally BirSia, may sonfnin rninel
Cu and Pb. The mineral is characterized by
the presence of BinSs-ribbons Kupcik & Vesela-
Novakova 1970) and has a unit ce17: Pbnm, a:
tl.lz, b -- 11.25, c = 3.97 A.
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