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The bournonite-seligmannite solid solution
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Abstract

Electron microprobe analyses of bournonite-seligmannite samples from the Casapalca and
Guignol Mines of central Peru reveal extensive solid solution between bournonite and
seligmannite, The analyses indicated that As substitutes for Sb in bournonite to at least an
As/(As * Sb) value (atomic) = 0.54. We suspect a complete solid solution exists between
bournonite and seligmannite. Analyses of both bournonite-seligmannite and tennan-
tite-tetrahedrite from the Casapalca Mine suggest that the distribution coefficient of Sb/As
between the two solid-solution series is close to unity. The Sb/As ratios of bournon-
ite-seligmannite and geocronite in the Guignol Mine suggest that Sb favors bournon-
ite-selismannite while As favors geocronite.

The bournonite-seligmannite solid solution

The solid solution between bournonite (PbCuSbSs)
and seligmannite (PbCuAsSr) is much more extensive
than previously postulated. The extent of As sub-
stitution for Sb in bournonite has been estimated not
to exceed es/(As + Sb) :  0.20 (Ramdohr, 1969;
Schaber, 1965; Palache et al., 1944). ln this paper,
elemental ratios in solid solutions are reported in
atom number ratios. Seligmannite had been reported
to contain 0.64 percent Sb substituting for As,
giving an As/(As f  Sb) value:0.98 (Palache et al . ,
1944). Eleclron microprobe analyses of bournon-
ite-seligmannite samples from the Casapalca and
Guignol Mines of central Peru reveal a more exten-
sive solid solution than previously reported. Some of
the analyses are reported in Table 1, and they indicate
that As substitutes for Sb in bournonite to at least an
Rs/(As * Sb) value : 0.54. In addition to the analy-
ses tabulated in Table l, 56 other analyses of bournon-
ite-seligmannite had As/(As + Sb) values in the
same range. All analyses are plotted in Figure 1. The
authors suspect a complete solid solution exists be-
tween bournonite and selismannite.

1 Present address:  Exxon Company,  U.S.A. ,  2425 N Huachuca

Drive.  Tucson. Ar izona 85705

Bournonite and seligmannite are isotypic in space
group Pn2rm (Edenharter et al., 1970). In the struc-

ture, Pb is both 7- and 8-coordinated by S, As and Sb

combine with 3 S atoms to form trigonal pyramids,

and Cu is coordinated by a slightly deformed tetrahe-
dron of S atoms. There are two isolated AsSs or SbSa

trigonal pyramids in the unit cell. The average As-S

bond distance in each of the trigonal pyramids of

seligmannite is 2.296 and 2.271A, and the average

Sb-S bond distance in the trigonal pyramids in

bournonite is 2.502 and 2.409A (Edenharter et al.,
1970). These bond distances are consistent with those

reported for other minerals with similar coordination
polyhedra. Since the pure isotypic end members exist

and since a solid solution is seen at least 50 percent of

the way from bournonite to seligmannile, it is reason-

able that the complete solid solution exists.
Most bournonite-seligmannite crystals from the

Casapalca Mine have well-developed tabular forms.

A paragenetic study (Wu, 1975) indicates that the

crystals were deposited during or immediately after

the last stage of tennantite-tetrahedrite (Cu'rAs,Sbo-'

S,r, 0 { x < 4) crystall ization. The Rs/(As + Sb)

values of tennantite-tetrahedrite and bournon-

ite-seligmannite are 0.33-0.47 and 0.30-0.48, re-

spectively. In the Guignol Mine, the predominant
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Table I  Analyses of  bournoni te-sel igmanni te

Weight  E Atomic Ratios

As l  (As+Sb)Sample D h Total

1
P R F  1 2 0 - l a *

^ ^ -  . ^ ^  - .  I

P R F  1 5 0 - l a l
'I

P R F  1 5 0 - 1 b *

- ^ -  ^ ^ ^  -  1rr(-E z uu-54

C A S  1 7 - 2 6 5 a -

^ - ^  . -  ^ . - , 2
L A J  J -  I - Z O 5 D

^ ^ ^  . -  ^ - -  2
\ - A D  I  t - Z b 5 C

^ - ^  . ^  ^ - - - 2
u A b  r  t - 2 b 5 0 .

CAS L7-265e2

^ ^ ^  . -  ^ - - - 2
U A J  I / - Z b 5 T

^ - ^ . -  ^ - -  2
\ , A D  t _  / - Z b 5 g

cAs  17 -26sh -

cAs r7-265L2

^ ^ ^  . -  ^ - - . 2
L A D  l -  t - Z O 3 j

1 4 . 8 6  2 2 . 6 2

l - 4 . 6 7  1 7 . 0 0

l s . 5 0  1 7  . 2 9

] - 5 . 2 6  1 1 . 5 6

L q . J q  J - 3 . J J

- L J . 4  L 4 .  t

1 3 . 2  L 7 . 4

I J . J  L I . 9

r J . J  r t .  t

1 3 .  5  1 6 . 1

r J . 4  I t . y

r _ J .  J  I b .  b

f J . f ,  J d . 5

L 3 . 7  1 4  . 7

L 3 . 7  1 3 . 6

4 3 . 2 6

4 4 . 9 2

4 5 . 5 5

4 6 . 7 7

4 5 .  1 4

*

*

*

*

*

*

*

*

4 . 5 4

4 . 2 6

8 . 2 3

*

*

*

*

*

*

*

1 9 . 1 0

1 9 . 7 I

2 0 . 1 5

2 0 . 3 8

l Y  .  J  Z

*

*

*

*

*

*

1 0 0 .  5 6

1 0 0 . 8 4

I 0 2 . 7  5

r 0 2 . 2 0

1 0 0 . 9 2

0 .  0 5

0 . 3 0

0  . 2 9

0 .  5 4

0 . 3 7

0 . 4 3

U .  J Z

0 .  3 0

0 .  3 1

0 .  3 7

0 .  3 0

0 . 2 7

0 . 4 3

0 .  4 8

*
1 .
2 .

n o t  a n a l - g  z e d  f  o r
f r o m  G u i g n o T  M i n e ,  p e r u  ( B i r n i e ,  J g 7 5 )
f r o m  C a s a p a T c a  l 4 i n e ,  P e r u  ( W u ,  7 9 7 5 ) .  T h e  C u
a p p l g i n g  z A F  c o r r e c t i o n  f a c t o r s  o b t a i n e d  f r o n
A s /  ( A s + s b )  y a _ Z u e s  b a s e d  o n  t h e o r e t i c a T  f o t m u L a

a n d  S b  v a T u e s  w e r e  c o r r e c t e d  b g
t h e  c o n p L e t e  b o u r n o n i t e  a n a l g s e s .

,  P b C u  ( A s , S b )  S  
3

sulfosalt is bournonite-seligmannite with lesser
amounts of geocronite (Pbr.Asr*,Sb8_,s46, 0 < x <
8)  (Bi rn ie,  1975).  The As/(As + Sb) values of
bournonite-seligmannite and geocronite range be-
tween 0.05-0.54 and 0.54-0.60, respectively. These

data suggest that the distribution coefficienr of Sb/As
between tennantite-tetrahedrite and bournon-
ite-seligmannite is close to unity, and that Sb favors
bournoni te-sel igmanni te and As favors geocroni te in
the bournoni te-sel igmanni te and geocroni te assem-
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of bournoni te-sel igmanni te.  St ippled regions cover range of  analyses reported by Ramdohr (1969),
a l .  (1944).  Star  represents analysis of  bournoni te f rom Chichibu Mine,  Japan (Harada et  a l . ,  19 ' .0\ .
Mine and circles from the Casapalca Mine. peru.
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blage. However, since equil ibrium conditions cannot
be established with certainty for either of the two
sulfosalt assemblages, no firm conclusion as to the
Sb/As distribution coefficient can be drawn.

Birnie and Burnham (1976\ note that there are
numerous l imi ted sol id  solut ions of  As for  Sb and Sb
for As in the Pb-As-Sb-S sulfosalts. However. in the
Ag-As-Sb-S and Cu-As-Sb-S sulfosalts, many com-
plete sol id-solut ion ser ies are known. They proposed
that the difference in the extent of As substitution for
Sb and Sb subst i tu t ion for  As in  these sol id-solut ion
series could be accounted for by the relative bond
strengths of the metal-sulfur bonds as calculated by
Povarennykh (1968; 1971) (Table 2). The stronger
Cu-S and Ag-S bonds probably hold their structures
together across a solid-solution series, whereas the
weaker Pb-S bonds do not hold the structures to-
gether when different-sized semimetals are sub-
stituted for each other.

The bournonite-seligmannite solid-solution series
is a mixed series with respect to bond strengths, be-
cause both Pb-S and Cu-S coordination polyhedra
are present in the structure. However, Takeuchi and
Haga (1969) show that  the essent ia l  feature of  the
crystal structure of seligmannite is a l inked frame-
work of Cu-So and As-S, pyramids. The Pb atoms
merely occupy interstices in the framework. This in-
terpretation of the structure is supported by the fact
that the Cu-Sn tetrahedra and As-S3 trigonal pyra-

mids are only slightly distorted, while the Pb co-
ordination polyhedra are highly irregular (Takeuchi
and Haga, 1969). The structure of bournonite-
seligmannite is therefore more closely related to
that of a Cu sulfosalt such as tennantite-tetrahedrite
than that of a Pb sulfosalt such as geocronite. On
these grounds, it is reasonable to expect that bournon-
ite-seligmannite represents a complete As-Sb solid-
solution series as seen in Cu-As-Sb-S sulfosalts. The
relatively strong Cu-S bonds hold the structure to-
gether and permit the complete solid solution.

No mineral syntheses have been conducted with
compositions along the bournonite-seligmannite
binary join. If these experiments are ever undertaken,
they wil l shed interesting l ight on our proposal.

The crystal structure of aikinite (PbCuBiS'), the Bi
analog of bournonite and seligmannite, has been de-
termined by Kohatsu and Wuensch (1971) and is
clearly different from bournonite-seligmannite. The
Cu-S tetrahedra in aikinite are more distorted than
those of bournonite-seligmannite, and aikinite is es-
sentially a stuffed derivative of bismuthinite. There-
fore, an analogy for solid solution between aikin-

Table 2 Relative bond strengths*

Element and

Coordination

Relative

Bond Strength

DI.i- q- "  " 8

D h -  c
b

C u - S .
4

Aq-S^- 5

l r r - C
" "  " 2
a ^ - q. . 2  " 2

si-o4

0 . 0 3

0 . 0 8

0 .  1 1

0 . L 2

n  l o

0 . 2 0

0 .  4 r

* P o v a r e n n g k h  ( 7 9 5 8  a n d  7 9 7 J )

i te-bournonite or aikinite-seligmannite cannot be

drawn on the same grounds as bournonite-seligman-
nite.
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