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ABSTRACT

New microprobe and crystallographic data are presented
for giessenite from Bjdrkdsen, Otoften, Norway, which was
originally described by Karup-Mdller (1973). The chemical
formula is Cu1.7Ags.rFe6.2Pb26.aBi16.7Sb2.9S57, or
(Cu,Fe)2Pb26.a(Bi,Sb)1e.6S57 (Z :2). The slmmetry is
monoclinic, space group F2/9, with cell parameteis a
34.34(l),, 38.05(l), c 4.06(l) A, B 90.33(5)". Deviations
of symmetry from orthorhombic Pnnm are defnite but not
conspicuous. The same findings on symmetry apply to gies-
senite from the type locality, Binnatal, Switzerland. Gies-
senite represents the fourth member of the kobellite
homologous series; it is a monoclinic, Birich analogue of
the orthorhombic, Sb-rich izoklakeite.

Keywords: giessenite, chemical and crystallographic data,
Bjdrkdsen, Norway, izoklakeite, kobellite homologous
series.

SoMMAIRE

De nouvelles donn€es, chimiques (microsonde) et cris-
tallographiques, sont pr6sent6es sur la giessenite de
Bjdrkdsen, Otoften, Norvbge, originellement d6crite par
Karup-Mdller (1973). L'analyse donne Cu1.7Age.1Fq.,
Pb26.4Bil6.?Sb2.eS57, d'ou la formule (Cu,Fe)2Pb26.o
(Bi'sb)re.6s57 Q:2). La structure est monoclinique, de
groupe spatial P21/n, et les parqmdtres de la maille sont
a 34.34(l), , 38.05(l), c 4.06(1) A, B 90.33(5)0. La d6via-
tion de la symdtrie Pnnm, qtoique visible, n'est pas 6vi-
dente. Les mdmes observations sur la sym€trie sont vali-
des pour la giessenite du gisement type (Binnatal, Suisse).
La giessenite reprdsente le quatribme membre de Ia s€rie
homologue de la kobellite; elle est I'analogue, monoclini-
que et riche'en Bi, de fizoklak6ite, orthorhombique et riche
en sb.

(Traduit par la R6daction)

Mots-clds: giessenite, donn6es shimiques et cristallogra-
phiques, Bjdrkisen, Norvdge, izoklak6ite, s€rie homo-
logue de la kobellite.

INTRODUcTIoN

Giessenite was described by Graeser (1963) as an
orthorhombic mineral from Binnatal in Switzerland.

with the composition CuPbrBiuSbl.rSro. In 1973,
Karup-Mdller described a new occrurence of gies-
senite from the Bjdrkisen sulfide deposit at Otoften,
northern Norway. He also determined the symmetry
to be orthorhombic and suggested the empirical for-
mula Cuo.5PbeBi6sbrs2o.

In 1981, Makovicky proposed a potential kobel-
lite homologous series and found giessenite to be the
likely candidate for a higher homologue of kobel-
lite. Re-examination of the Norwegian material
preserved at the Geological Museum at Copenhagen
using Weissenberg photographs indicated that the
true symmetry of giessenite is monoclinic
(Makovicky 1981) and that it indeed represents a
higher homologue of kobellite. The crystals exa-
mined are intimately twinned, unfit for crystal-
structure determination. Thus the matter was put to
rest until the discovery of orthorhombic izoklakeite
(Harris et al. 19S6,Zakrzewski & Makovicky 1986),
which enabled us to carry out the structure determi-
nation (Makovicky & Mumme 1985) as well as to
verify the proposed structure and composition of the
kobellite homologues with N:4 (Zakrzswski &
Makovicky 1986). A re-examination of tintinaite and
of some kobellite specimens (Mo6lo et al. 19,84), as
well as the description of orthorhombic "Sb-
giessenite" (in fact, the most Bi-rich izoklakeite
known to date) by Ambruster et al. (1984), con-
tributed further data to the detailed study of the
kobellite homologous series. The chemical and struc-
tural implications of the entire study are to be found
in Makovicky & Mumme (1985) and Zakrzewski &
Makovicky (1986). The purpose of this contribution
is to present new chemical and crystallographic data
on giessenite from Bjdrkisen and to interpret these
in the light of the above studies.

Cnnurcal CouposmoN

Giessenite from Bjdrkisen has been analyzed
using a JEOL Superprobe 733 app.uatus at the Iusti-
tute of Mineralogy, University of Copenhagen. The
ZAF corrections were performed using the JEOL
PACM on-line set of programs. The following.ma-
Iytical wavelengths were used: Agl,cu, CuKo, BiZo,
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IABLE 1, IiIICROPROBE DATA f'OR CIESSSNITE FROM BJOR(ASEN

A!E1]B16 r'te€. 4g| qI
polnta

I  O.o5(11) O.8e(4) 4e.1(4) $.S(7) 3.3(2) 15.9(4) 1oo.o(12) 0.1(2) 3.3(2)

d s l d d P l t q {

L

I 0.14(8) 0.88(2) O.Oe(2) 48.s(s) 31.2(5) 3.1(3) 16.4(1) 1m.8(S) o.3(2) 3.2(1)

3  -  o .7 (1)  -  4s .3 (10)  31 .7(5)  3 .5 (2)  [16 .0 ]  l1m.2 l  -  2 .7 (3)

- 55.7(3) 34.6(6) 6.3(4) 716.4(22)

o .4(1)  5s .2 (6)  34 .9(5)  6 ,0 (6)  119.8(6)

- 54.9(11)35.?(6) 6.8(2) 1117.41

Stmdard d€vlat lons ae lndlqated ln par€ntheses 1n terns of the laet d1g1t.  *  Data expressed 1n selght%.
+ Data expressed ln atonlc proport ions, t  Me = 1OO. Analysls 1: nlxed metal  md aulf lde studards;

malysls 2: suLf lde stmdards; malyals 3i  resuLts of Ka.up-l{oLLer (1973),  mlxed metaL md auLf lde gt i ldards;

S  n o t  e a l y z e d ,  a s s w e d  t o  b e  1 6  w t . % .  R u g e s  f o r  a a l y s e s  1  &  2 :  8 1  2 9 . 4  -  3 2 . 0  w i , % ,  S b  2 . 4  -  3 . 4  q t , % .

PbLa,FeKq, and SKo. For the composition desig-
nated (l) in Table l, pure metals and galena (for Pb
and S) were used, whereas for composition (2) in the
same table, the following sulfide standards were
used: Cu3SbS4, FeS2, Ag2S, PbS and Bi2Sr. Fe was
not determined in the first case.

In the first instance, the analytical results were
used to check the compatibility of the phase studied
with the general crystal-chemical formula of the
kobellite homologous series, Zfl,6n'*eSr,v* r: (Z
represents tetrahedrally co-ordinated cations, M are
cations with square pyramidal, octahedral and
capped-prismatic co-ordination, and N is the order
number of the homologue studied) as established by
Makovicky & Mumme (1985). Furthermore, they
were used to establish the variable valencies and roles
of the elements involved, using the formulae derived
by Zakrzewski & Makovicky (1986).

Preliminary calculations basedon the assumption
that the order number Nofgiessenite in the kobel-
lite homologous series is equal to four indicate that
the minor contents of Ag in both compositions can
be assigned to the tetrahedral positions. With such
low contents of Ag, its re-assignment to the M sites
would hardly influence the results of the calculations.

For the model calculations of the order number
N, formula (14) of Zakrzewski & Makovicky (1986)
was used

6M2+ + 3M3t 5W+ + Ut43J
I V - ^ , ^ : X - r ( l - , r )

4M3r _M2+ 4M3+ -M2+

where x = f /(f + 72*) and (l-r) =

T2* /(f + 72*).

T and M, respectively, denote cations in the tetra-
hedral and octahedral or prismatic sites. This for-
mula assumes fully occupied tetrahedral positioris,
the situation judged to be most probable for natural
occurrences by Zakrzewski & Makovicky (1986).

With the valency of Cu not known, r was tenta-
tively put equal to l, 0.5 and 0; for composition (2)
the model EZ:0.905 (Cu+ + Ag*) + 0.095 Fd*

was also used. For composition (1) based on com-
bined standards, No1" is equal to 4.23 for only 7*
present, 3.78 for (1hf + t/zTT) present and 3.34
for only 12* assumed. For composition (2), consi-
dered superior to (l) and based on sulfide standards
and with Fe included, the relevant values for iy'.,.
are 4.19,3.75 and 3.30. For this composition, when
all Cu and Ag are assumed univalent and Fe diva-
Ient, the N*6 value is equal to 4.11.

Thus, giessenite clearly represents the kobellite
homologue with the order number N equal to 4. If
we recast its atomic ratios to 48 metal atoms in a for-
mula unit (Z = 2), the following empirical formulae
result: Ago.6rCu1.53Fe6.ePb26.72Bil6.6lSb3.02555.66 for
composition (l) (combined standards), and
Ago.qaCu,.r6Feo.lsPb26.j0Bi16.73sb2.eos57.4e for compo-
sition (2) (sulfide standards). In the first case
ET:1.65, in the second case EI: 1.88. We assign
the difference in EI from the ideal value of 2 to
experimental and correction errors.

Using the molar ratios of large cations (and as-
suming DT = 2), the theoretical value of
x : f /(f + 72*)can be calculated if Nis postu-
lated to be equal to 4. Formula (15) of Zakrzewski
& Makovicky (1980 is to be used:

, . . : (aNq Mn -  (N*5)  w
"N Ir/?' + M3*

For compositiot(l),74.4V0 Z+ and 25.6V0 T% ate
obtained, whereas for (2), 78.60/o T+ qnd n'a!1
?'* result. If we realize that Fe occupies ideally
9.590 of the tetrahedral sites, a further -120/o of
thesesites are supposedly occupied by divalent Cu'

Considering standard errors on different elements
and the prJsumed absolute error in the ETvalue,
we cannoi overemphasize tlese results; they may well
lie within error bounds of the measurements'
However, it can be safely stated that the giessenite
from Bjdrkisen contains primarily univalent cop-
per. Our results can be compared with those.dis-
cussed in the companion paper by Zakrzewski &
Makovicky (1986).
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The new analyses yield a Sb/(Sb + Bi) ratio equal
to 0.154 (l) and 0.14812), thus confirming that the
giessenite from Bjdrkisen represents the most Bi-
rich kobellite homologue with N= 4 that is known
at present.

X-Rev CRYSTALLOGRAPHY

Two crystals were extracted from polished sections
for the study on a Weissenberg camera. Both gave
identical results. Well-exposed photographs reveal
that giessenite is monoclinic but intimately twinned
on (l@). The systematic extinctions, 0k0 present only
for k: 2n and ftOl present only for h+ l:2n, indi-
cate space group P21/n. However, another class of
reflections is found that obeys Okl generally present
for k + I = 2n ar'd generally absent or very weak for
k + I = 2n + l.In the latter category the following
reflections are observed: 081, 0.10.1, 0.26,1,0.28.1,
092 and 0.27.2; these are all absent in orthorhom-
bic izoklakeite. Moreover, the lattice is metrically
pseudo-orthorhombic, with the deviation of 0 from
90o so small that it is only revealed as a split of
t /t.0./ (and adjacent) reflections of the twinned crys-
tal at high d values. In both cases examined, the
volumes of the two twin orientations with common
a* and b* axes, with separale c* directions, are
unequal. The inequality of the pairs I7,s and
Inkr (f+0) due to monoclinic symmetry is easy to
ascertain, but it relates to the details of the weighted
reciprocal lattice and not to the overall distribution

ofthe areas ofthe strong and weak intensities. The
latter retain the character and distribution observed
for orthorhombic izoklakeite.

Summing up these observations, the observable
differences from orthorhombic symmetry, space
group Pnnm, are unambiguous but not very
pronounced, and a cursory evaluation of somewhat
underexposed single-crystal X-ray photographs will
almost certainly lead to an erroneous conclusion
about symmetry. On the other hand, the relatively
weak deviations of the weighted reciprocal lattice
from the Pnnm symmetry and its overall closeness
to that of izoklakeite indicate that the distortions
from the strucfural scheme of izoklakeite in the crys-
tal structure of giessenite are only minor. Intirirate
twinning of giessenite, in one case with the related
reflections of the two twin orientations intercon-
nected by diffuse streaks (evidence of intimate twin-
ning down to unit-cell level), suggests that giessenite
might have been orthorhombic (Pnnm) at the tem-
perature of formation; it has possibly undergone a
displacive phase-transformation, involving perhaps
increase in gation ordering, to F2r/n on cooling.
The weak 8-A superstructure observed in izoklakeite,
and indicative of partial ordering along the c direc-
tion, is absent in giessenite.

The cell constants estimated from Weissenberg and
rotatioqphotographs are o 34.36Q), b 38,02(2), c
4.07(l) A and B 90.33(3):. The Guinier powder film
of giessenite from Bjdrklsen used by Karup-Mdller
(1973) was remeasured taking into account possible

TABLE 2, X-RAY POWDER.DIFFRACTION DATA FOR GIESSENITE PROI,I BJOR(ASEN

I  es t  d  obs  d  ca lc  ! \ l ! l

2  4 .292 4 ,292 BO0
2BD 3 .942 3 .941 670
4  3 . 9 1 0  3 . 9 1 0  5 8 0
2BD 3 .a24 3 ,827 301
4 3 .790 3 ,793 490
4 3 .650 2 .649 24L
4  3 . 6 1 0  3 . 6 1 1  3 . 1 0 . O

2  3 . 5 5 1  3 , 5 5 0  3 4 1
i .  3 .489 3 .495 501

3  3 . 4 7 7  3 , 4 7 4  4 . 1 0 . 0
7  3 . 4 3 3  3 . 4 3 4  1 0 . 0 . 0

3  3 .4 r .6  3 .415 7AO
6 3 .400 3 .301 690
1  3 . 3 3 2  3 . 3 2 8  5 . r _ O . O
2  3 . 3 7 4  3 . 3 I 4  1 0 . 3 . 0

2  3 .306 3 .306 451
1 3 .282 3 .2A1 54 I
L  3 .204 3 .204 631
3  3 , 1 6 9  3 . 1 6 9  6 . 1 0 . O
1  3 . r . 4 2  ( 3 . 1 3 O  1 0 . 5 . O )

o  c a r c  l a t I t

3 . 1 1 8  2 . I 2 . O

3 . 0 4 2  4 7 L

3 . 0 3 7  6 5 1

3 . O O 7  7 , 1 0 . O

2 . 9 4 L  8 1 1

2  . 9 1 8  1 9 1

2 . 9 0 3  1 0 . 7 . 0

2 .  B a 8  X 1 . 5 . 0

2 . 4 6 7  1 2 . O , 0

2 . 4 3 7  3 . 9 . 1

2 . 4 3 0  1 2 . 2 . O

2 . 4 7 7  5 8 1

2 . 4 O 5  7 6 r

2 . 7 4 L  2 .  t  0 . 1

2 . 6 4 2  4 . 1 0 . 1

2 . 6 0 7  6 9 1

d ca lc  ! ! l ! l

2 .507 881

2 . 4 9 4  6 . 1 0 . 1
2 . 4 7 3  2 . ! 2 . r

2 . 3 3 0  1 0 . 1 2 . O
2 . 3 2 0  7 , r 7 . r

2 . 2 5 4  r . L 4 . L

2 . 2 r O  X 3 .  r . .  X
2 , 2 0 5  1 2 . 1 1 . O

2 . r 7 0  1 3 . 1 0 ,  O

2 . 1 6 6  4 . r 7 . O

2 . 1 3 5  2 . 7 5 . \
2 .  1 3 3

2 . L 2 4
2.LL2

2.ro1"

2 . 0 9 9

1 6 . 2  . 0
1 2 . L 2 . O

6 . 1 4 . r

1 3 . 1 1 . O

2 . O 9 9  L 2 . A . r

2 . 0 6 2  1 4 . 1 0 . O

2 . O 4 9  1 . 1 6 . 1

I  eBt  d  obs

1  2  1 1 0

3  3 . 0 4 8

3  3 . 0 3 6

2  3 . O O 7

r _  2 . 9 4 5

1  2 . 9 3 3

4  2 . 9 0 4

4  2 . 8 4 8

L  2 . 4 6 4

4  2 . 8 3 8

!  2 . 9 2 9

2  2 . 4 t 5

2  2 . 9 0 4

4  2 . 7 4 2

1  2 . 6 9 3

1 B D  2 . 6 3 8

l D  2 . 6 0 ?

I est d obs

1 2 .503

L  2 . 4 7 4
2  2 . 3 3 0

2 2 .255

LBD 2.207

2  2 . L 7 7

2 2 . t66

2  2 . 1 3 4

2 2 .L25

2 D  2 . 1 0 0

2D 2 .O6t

2  2 .044

I  est d obs

1 D  2 . O 2 r

1 D  1 . 9 9 7 6

1 D  1 . 9 8 8 8

t  D  1 . 9 6 8 6

1 D  1 . 9 5 7 3

2  L . 9 1 4 5

1 D  1 . 8 9 2 3

1 D  r . 4 7 4 2

1 D  1 . 8 4 9 1

2 D  L . 4 2 4 6

I  1 .  B O 7 9

1  1 . 8 0 1 3

2BD L.7470

2 B D  L . 7 7 T O

4  I . 7 5 4 5

3 B D  1 . 7 4 4 0

2  L . 7 2 3 4

2  1 . 6 9 9 1

1 B D  1 . 6 8 5 7

Gutnlgr-Hi i8A cmera, Cul(d radLat lon, quatz lntemal stedard.

d caLc represent appro{ lnate (orthorhomblc) averages of d (hkl)  ed g (hkl) ,

fo.  d va1ue6 :  3 A. the d vaLueB in the last col lm al lov mult ipLe lndexlng.

A d  b e l n g  O . O 1 - 0 . 0 2  A

BD = broad l tne; D = double l lne.
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splitting of the diffraction lines due to monoclinic
symmetry (Table 2). Because of the large a and b
cell dinensions, a conservative approach was
adopted for the refinement. The strongest 24 reflec-
tions that could be unambiguously indexed from
Weissenberg photographs were used, and their Miller
indices remained fixed during the refinement. It was
found that the splitting of hkl alid /rkfreflections is
too small to allow independent measurements on the
two parts of the doublets (Table 2); an orthorhom-
bic model had to be adopted, with 0:90o. The
refinement results for this model are o 34.337(5), b
38.050(10), c 4.061(5) A. These values confirm in
principle those obtained from the single-crystal pho-
tographs. They differ significantly from the data by
Karup-Mdller (1973) only in the p value, for which
he obtained the value of 37.37 A. ttris difference
stems from the ambiguity of refinement peculiar to
both giessenite and izoklakeite (Zakrzewski &
Makovicky 1986): several pain of strong reflections,
h1kr0 amd h2k2l, wilh close d values, occur in the
powder patterns. It is not obvious in which order the
Miller indices are to be assigned to the members of
these pairs. The two alternatives yield two answers
with the differejrce in the resulting D values of the
order of -0.5 A. In both cases the true assignment
could be found only by comparing the results with
the single-crystal data.

The above results correct the original space-group
of giessenite, believed to be F2Qr21 by Graeser
(1963) and Karup-Mdller (1973). To find out whether
our material is the same as that previously examined
by Graeser, we studied the Weissenberg photographs
of one of the giessenite crystals from Binnatal, lent
to us kindly by Dr. Graeser. This study revealed that
the symmetry of original giessenite from Binnatal
and its weighted reciprocal lattice are identical to that
of giessenite from Bjdrknsen. On the other hand,
Dr. Armbruster has checked his film and dif-
fractometer data for the single crystal of "Sb-
giessenite" from Zeweila, with the empirical com-
position Cu2.6Fe1 3Age.ePb j3.8sb r4.8Bi22 .15 p 3 (Z : l)
(Armbruster el a/. 1984), and confirms the
orthorhombic symmetry of his specimen, although
he notes the smalllsize of the crystal used. Thus, this
phase apparently'belongs to the orthorhombic part
of the Bi-Sb solid solution with N : 4, i. e., it is Bi-
rich izoklakeite.

CoNcr-usroNs

1.' The chemical formula of giessenite from
Bjdrkisen, Otoften, Norway, (for Z = 2) can be sim-
plified as Cu1.7Age.1Fes.2Pb26.4Bi16.7Sb2.eS57,, ood
perhaps further simplified irs (Cu, Fe)2 Pb25.o (Bi,
Sb)1e.6 S57. It is questionable whether striving for
integer proportions in the formula is justified because
of the extensive 7+ = T2* . Pb = Bi and Bi I Sb

substitutions that were found in the crystal structure
of the closely related species izoklakeite (Makovicky
& Mumme 1985).
2. Giessenite from Bjdrkisen is monoclinic, space
grotp P2r/ n, with ̂ the cell parameters a 34.34(l), b
38.05(l), c 4.06(l) A and 0 90.33(5)". It is intimately
twinned on (100). Deviations from Pnnm in sys-
tematic extinctions and in the symmetry of the
weighted reciprocal lattice are definite but not con-
spicuous. Giessenite from Binnatal displays the same
X-ray crystallography.
3. The chemical and the crystallographic data
unambiguously prove that giessenite is chemically
and crystallographically very close to izoklakeite
(Harris et al. 1986, Zakrzewski & Makovicky 1986,
Makovicky & Mumme 1985), both being members
with N = 4 of the kobellite homologous series. Gies-
senite represents the Bi-rich end of the seiies, with
monoclinic symmetry, whereas izoklakeite represents
the more Sb-rich member that displays orthorhom-
bic symmetry. The structural difference between the
two phases ought to consist only of small distortions
and the concurrent ordering of cations, with the
structural scheme essentially identical.
4, The revised chemical and crystallographic data
on the material from Bjdrklsen are sufficiently close
to the results of Karup-Mdller (1973) to ensure that
we are dealing with the same mineral.
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