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ABSTRACT

Zenz{rite, ideally Pb3@d+;Mn3+)aMnt+O15, is a new
mineral specic from [..dngban, Filipstad, Sweden. It is hexa-
gonal holosymmetric, ̂space group ̂ P61/mcm, with a
10.008(4), c 13.672(8) A, tz ttm(t) Az ina z: 4. The
strongest fivg observed reflections ofthe X-ray powder pal-
tern [d in A(/,p(/rkll are: 3.18(8)(2ll),2.828(7)(114),
2.663(r0)Qr3),2.3ffi (q(nqandr.687(8)(226).Zenz|nte
is black and opaque, and in polished section it appears white
wi& a weak bireflectance (in oil). The anisotropy is strong.
Calculated luminance values (Wo) based on reflectance
measurements (10 nm steps) in the visible spectrum (rela-
tive to the C illuminant) are24.8-29.2 (air) and 10.8-14.5
(oil). Cleavage parallel to {001} is prominent. VHNso =
7U. Dx equals 6.83 g/cl'rl3 for an empirical formula and
6.97 g/cm} for the ideal with an FelMn3+ ratio of 1.6.
The structure has been determined and refined with the 372
most significant X-ray reflections with sin(O)As 0.65 A-1
to R = 2.8s/o and shown to be isostructural with synthetic
Pb3MqO15. The structure consists of, inter alia, layers
perpendicular to the [@l] dtection of edge-sharing coor-
dination octahedra around the Mn(Fe) positions. The Pb
positions are located between the layers. Empirical bond-
valences estimated from the observed bond-distances sug-
gest that those metal ion positions containing major
amounts of tetravalent Mn are located within the layers.
The name of this new mineral honors Dr. Nils Zenz6n
(1883-1959).

Keywords: zenz{nite, new mineral species, composition,
crystal structure, lead manganese oxide, Lingban,
Sweden.

SoNalaarns

!a zenz6nite, nouvelle espbce min6rale ddcouverte ir
Ldngban (Filipstad, en Subde), possbde la formule id6ale
Pb3(Fd +,Mn3 + )oMn{ 

+ O t r. Elle est holosym€trique hexa-
gonale, grooupe spati+Pq/mcm, ayec a 10.008(4), c
13.672(8) A, Z 1 186(1) A3 et Z = 4. Les citq raies les plus
intenses du clich6 de poudre td en A(4(ftfDl sont
3 . l 8 (8X2 l l ), 2.828Q )0 | 4), 2.663 (r0)Qr 3), 2.3 66(q(n2)
et 1.687(8)Q26). C'est un min6ral noir et opaque; en lumibre
r6fl6chie. Ia zenz€ntte est blanche et montre une faible
bir€fl ectance (dans I'huile). L'anisotropie est prononc6e.
Les valeurs calcul6es de sa luminance (Y, en 9o), fonddes
sur les mesures de sa r6flectance (en intervalles de 10 nm)
dans la partie visible du spectre (en reliation avec I'illuminant
C), sont 24.8-29.2 (dans l'air) et 10.8-14.5 (dans l'huile).

Un clivage dans le plan {001} est prominent. VHNso =
764; la densit6 est 6gale d 6.83 pour une formule empirique
et 6.97 pour la formule id6ale et un rapport FelMn3+ de
1.6. Nous en avons ddtermind la structure en u1ilisantj72
des r6flexions les plus intenses ayant sin(d)/\ s 0.65 A-1,
jusqu'd un r€sidu R de 2.890, La zenzdnite est isostructurale
avec le composd synth6tique Pb3Mn7O15. La structure est
faite, entre autres, de feuillets perpendiculaires i [@l] d'oc-
ta&dres qui contiennent les sites Mn(Fe). Les atomes de Pb
sont situdes entre ces feuillets. Les valeurs empiriques des
valences de liaison, dercrminees d partir des distances inter-
atomiques, font penser que les positions cationiquc oir loge
le Mn tetravalent se trouvent dans les feuillets. Le nom
honore Nils Zenz6n (1883-1959).

(Traduit par la R6daction)

Mots-clds: znnzinite, nouvelle espdce min6rale, composi-
tion, structure cristalline, oxyde de plomb et de man-
gan&se, Ldngban, Subde.

INTRoDUcTIoN

The Lingban mines, Filipstad, in south-central
Sweden, have been a true horn of plenty of new
mineral species during the last century (Magnusson
1930, Moore 1970). During the course of an investi-
gation of oxide minerals from the locality, grains of
a phase with properties not corresponding to any
known mineral were discovered. The new mineral
species, ze\zerlite, was subsequently recognized by
the IMA Commission on New Minerals and Mineral
Names. The name was selected to honor Dr. Nils
Zenztn (1883-1959), mineralogist, geologist and
historian of science, who acted as senior curator at
the Department of Mineralogy of the Swedish
Museum of Natural History CNRM) over the period
1926-1950. Holotype material is preserved at NRM,
Stockholm (catalogue no. 401841).

AppreneNcp AND PHYSICAL PRoPERTIES

Zenzlnite is found in a sample of a carbonate-
phyllosilicate skarn rock of a rare kind, collected
when the mining operations were still going on, but
of unknown original position within the mines.
Granular dolomite is the dominant carbonate
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FIc. 1. scanning electron micrograph of a zenz6nite grain attached to jacobsite (upper
left) and dolomite (right). Lengfh of bar = l@ pm.

mineral, but minor amounts of calcite, barytocal-
cite and norsethite also are present. The silicate frac-
tion consists of a manganese-bearing chlorite, which
forms translucent grains of a faint orange color, and
reddish brown kinoshitalite. Occasional black, tabu-
lar crystals of pinakiolite up to 5 mm in size also are
present. Evenly distributed throughout the rock are
hausmannite and jacobsite, the latter with a large
proportion of magnesioferrite in solid solution; both
form grains less than I mm across. Macedonite,
PbTiO3, has been identified in polished sections.

Zenz5nite is black and opaque. It appears as sub-
hedral to euhedral grdins up to 150 pm in longest
dimension, always in contact with larger grains of
the spinel-type oxides. Most crystals are tabular on
{001} (Fig. l). In a single case, zenzlnite has been
observed as a 50-pm-wide rim surrounding jacobsite.
The mineral exhibits distinct cleavage parallel to
{001}. Microhardness measurements gave a VHNso
of 7@ (average of six readings, range 739-795), cor-
responding to a calculated Mohs hardness of 5.2. The
indentations were close to perfect and accompanied
by radial fractures. The density could not be meas-
ured owing to the small grain-size and paucity of the
new mineral, but the calculated density based on the
unit-cell content is 6.83 g,/cm3. T,enzlnite grains are
weakly attracted by a hand magnet.

Oprrcal PnopsntrBs

In reflected, plane-polarized light, zenzdnite is
bright white, and resembles galena. There is no

reflection pleochroism, and a weak bireflectance is
barely visible in oil immersion. Under crossed polars,
it is disfinctly anisotropic, with rotation tints in
shades-of gray and pale brown. Neither internal
reflections nor twinning have been observed.

Reflectance measurements within the visible spec-
trum have been performed on several grains of zen-
z6nite, using a microphotometer system equipped
with a plane-glass reflector and x 16 objective,
adjusted to give a field of measurement with a
diameter of 15 pm. Carborundum (Zeiss no. 472)was
used as a standard throughout, with an oil with No
: 1.515 for measurements on immersed grains.
Reflectance values obtained on a maximum-
bireflectance grain, together with the calculated
values of color, are given in Table l. The spectral
reflectance curves of zenztnite (Fig. 2) are uncom-
plicated and without prominent features. The devi-
ations from straight-line behavior encountered in the
400-440 nm interval should probably be attributed
to instrumental error. The scatter of Ro values in
this region has been found to lie within t 190 abso-
lute. The results of the measurements above this
region were more consistent (t0.2t/o),

The difference in luminance (Wo) for the two
vibration directions Ro and R" can be taken as a
measure of the bireflectance. It has been found to
vary between l.2tlo and 4.2v/o for the grains meas-
ured. Zenz5rrrte has its dominant wavelength around
492 nm in both media (i.e., in the blue-green part
of the spectrurn) relative to the A illuminant, but the
excitation purity (saturation) is too low to cause a
hue discernible by the eye.
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TABI;E 1. RXFI,ECTANCE DATA FOR ZENZENI1rE
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Reconnaissance analyses of the new mineral with l/nn
an energy-dispersion detection unit with beryllium
window removed indicated that no elements heavier
than boron, besides those listed below, are present. 223
Several grains of zenz|nite also have been checked 44o
for intragranular as well as intergranular composi- 460
tional homogeneity by means of gDS microanaiysis. 480

The variation was found to be restricted to t0.7Vo soo
absolute of the mean amount present for the major 52o
oxides. Wavelength-dispersion analysis of the new 5-t9
mineral ras p&fot.ed using an ARL-SEMQ ;33
microprobe with an accelerating voltage of 15 kV.
The following standards were used: galena @b), 600
barite (Ba), rhodonite (Mn), hematite @e), sphaterit" 273
(Zn), rutile (Ti) and glass (Mg, Al, Si). The average ;;o
results (in fi.qo) obtained from five measurements 680
are: PbO 53.68, BaO 0.06, TiO2 0.19, Mn O, 8.88, ?^^
MnO, 23.63, FerO, 15.36, ZnO 0.00, MgO 0.12,

MnqsRAr- Cnsr4rsrnv

Al2O3 0.19, SiO2 0.03, total 102.15, yielding an
empirical structural formula Pb2.s7Bao.e1@e3+2.3q
Mn3*,.rrMg..*Alo.0r@nj4.j4Tl4.L Sh.oJOr based on
7 cations exclusive of Pb and Ba. A simplified
formula would be Pbr(Feli6Mn].+5)
Mnt*O15, which gives a higher value of the calcu-
lated density, 6.97 g/cm3, than th:at given above.

X-Rav Cnvsrerlocnapnv

Preliminary investigations indicated that zenz€nrte
is isostructural with synthetic Pb3Mn7O1r, whose
structure was initially (Darriet et al. 1978) described
in terms of an orthorhombic noncentrosymmetric
space-group Cmc21 and the un^it-cell parameters a
17.28(l), r 9.98(l), c 13.55(l) A. Later it was sug-
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Frc. 2. Spectral reflectance curves of zenz'nile, measured in air @) and in oil (ImR).
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TA8I,E 2. X-RAY POIDM-DITFRASTION DATA FOR
ZENZdNITE

TABIE 4. FRACf,IONAI AIIOIfTC C@RDINATES A}ID
rBEprAr pARAUgrERlt (x104 Az) FoR 1ts8 ZENZflnrE STRUcTURE
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TAB1A 5. TIIE SHORTEST METAIJ - O DISTANCES (A)
WITH E.S.D. FOR TIIE COORDINATION POLYEEDRA
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I 
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TAAIA 3. EXPERI}tEMAIJ CONDITIONS FOR AsE CRYSfAII
STRU TI'RE D TERITINATION OF ZENZENITE
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Tfre left colunn strors th€ rosuLts obtained in
tbe present study of zenzenite and the rlght
coluron those of Le Page & Cal-vert (1984) for
s)mthetLc Pb3l{9O15.

that a description in terms of the hexagonal space-
group Pq/mcm cotJld significantly improve the
structural model. The distributions of distances,
angles and the thermal parameters obtained with
hexagonal symmetry were found to be more regu-
lar, and no indication of disorder was observed. Le
Page & Calvert (1984) also suggested that the com-
pound be re-examined with a new data-set by future
investigators to confirm their structure description.

The structure determination was undertaken in
order to test the structural similarity of zenzlnite to
synthetic PbrMqO,r, to verify the P63/mcm space-
group symmetry for this structure type, and to obtain
an improved structural charactertzation in terms of
degree of order of the metal atoms.
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gested by Marsh & Herbstein (1983) that the struc-
ture was better described with the related centrosvm-
metric space-group Cmcm. With the identical
intensity data set as initially used by Darriet et ql.
(1978), Le Page & Calvert (1984) eventually found
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Ftc. 3. a) The zenz6nite structure viewed approximately perpendicular to [@l], The positions of the lead atoms are
shown as spheres; the coordination octahedra are those around the Mn@e) positions. b) Unit-cell content of layers
(at z=0\ of edge-sharing octahedra around the metal positions M(l), MQ) and M(4). The origin of the unit cell
is at the lower left corner, and the numbers given are the labels of the M positions (cl, Table 4).
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X-ray powder data

An X-ray powder-diffraction pattern was obtained
using a 57.3 mm Gandolfi c:rmera with Ni-filtered
CuKa radiation. Measured as well as calculated d
values are grven in Table 2 together with estimated
intensities. Refinement of the parameters of the
hexagonal cell by least-squares^methods from the
powder data yielded a 10.037 4,, c 13.67, V ll93
A3, with Z : 4. They should be compared to the
more precise cell obtained from the single-crystal
measwements (Table 3).

Cry s t a l-st ructure ana lysis

The X-ray-diffraction data collected *i11 3 single-
crystal diffractometer were corrected for back-
ground, Lorentz, polarization and absorption
effects. Further relevant experimental conditions are
listed in Table 3. Final unit-cell parameters were
obtained by least-squares analysis ofaccurately deter-
mined reflection-positions (cl, Table 3). As dis-
cussed above, a simplified chemical formula
Pbr.eoMnn.rFq.a6O1, was given by microprobe anal-
ysis. As the X-ray scattering powers of Mn and Fe
are very sinilar, no determination of the proportion
of Mn and Fe can be obtained from the X-ray inves-
tigation.

A refinement of the structural model, allowing all
metal ions to vibrate anisotropically and the oxygen
atoms, isotropically (36 parameters and the 372 most
significant reflections), gave a weighted wR value of
0.029 (unweighted linear R of 0.028). The choice of
the space-group symmetry, P63/mcm, is fully sup-
ported by the outcome of the structural refinements.

The final atomic coordinates and thermal
parameters are given in Table 4. Lists of observed
and calculated strucfure-factor amplitudes have been

1 4

Frc. 4. The oxygen coordination around tie lead atoms
Pb(l) and Pb(2) in tle zenz6nite structqre. The distance
between Pb(l) and Pb(2) is 3.Kl(l) A. The numbers
given are the labels of the oxygen atoms (c/. Table 4).
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submitted to the Depository of Unpublished Data,
CISTI, National Research Council of Canada,
Ottawa, Canada KIA 0S2. The most relevant inter-
atomic distances are listed in Table 5. The structural
refinements were performed by means of the
SIffiLX-76 program package (Sheldrick 19Q, using
atomic X-ray scattering factors for neutral atoms
from the International Tables for Crystallography
(1974). The polyhedral packing diagrams were
obtained with the progam STRUPLO84 (Fischer
1985).

Description of the structure

The structural model (Fig. 3) obtained in the
present study agrees in general with that obtained
by Daniet et al. (IWB) for the synthetic compound
Pb3MntOtr, although they used an orthorhombic
instead of a hexagonal symmetry to describe their
structure. Thus, all the Mn(Fe) atoms are octa-
hedrally coordinated by oxygen atoms; the two crys-
tallographically independent lead atoms (Fig. 4) can
be described as being coordinated to four and six
nearest oxygen atoms, respectively. As expected, the
lead atoms are off-center in the coordination poly-
hedra owing to the presence of stereo-active lone-
pairs of 6,f electrons (see, e.g., Hyde & Andersson
1989). Repulsion between the lone-pair and neigh-
boring oxygen atoms displaces the Pb atom toward
the lone-pair vertex, an effect also met in, for exam-
ple, the structure of quenselite, PbMn3+O2(OH),
(Rouse l97l).

The crystal structure can be considered as com-
posed of layers @ig. 3b) perpendicular to the [001]
direction, consisting of edge-sharing coordination
octahedra around the Mn(Fe) positions M(l), M(3)
and M(4). Within these layers, there are voids
arranged as sholvn in Figures 3b and 5. Two octa-
hedra around MQ) are linked together by face-
sharing to form hematite-like entities that link the
layers together by sharing corners with the octahedra
surrounding the voids. The lead atoms are located
half-way between the layers, and share coordinating
oxygen atoms with the Mn(Fe) atoms.

The structure can be looked upon as a six-layer
close-packing (hcp) of anions in the unit cell, with
lead ions replacing six of the anions in every third
layer. The stacking sequence l.hhhhhh.) distn-
guishes zenz|rite from most other related oxide
minerals, which are based on alternating sequences
of cubic and hexagonal close-packing. Compare, for
example, magnetoplumbite, Pb(Fe3+,Mn3+)rrO,
(Moore et al. 1989), wrth[chhltcchhlls.], ard ssnaite,
Pb(Ti,Fe,Mn)21O36 (Grey & Lloyd 1976) with
l.hhchhchhc.l as the c-axis repeat. The distribution
of metal - O bond distances in the present structure
agrees within 4o from those obtained by Le Page &
Calvert (1984) for the revised structure of
Pb3MnrO1, (Table 5). The present study has given
considerably improved accuracies (esd of 0.01 A) in
the observed lengths compared to earlier studies.

The X-ray-diffraction study indicates full
occupancy of all the metal positions; with the
assumption of divalent lead, the formal charge of

FIc. 5. Extended representation of the layers (c/. Fig. 3b) of edge-sharing coordina-
tion octahedra, viewed along [0011. The translation-symmetry-related entities
formed by one M(4) octahedron (at the origin) surrounded by six M(l) octahedra
are linked to each other by the M(3) octahedra. The estimated formal charges
at these positions (+4, +3.8 and +3) decrease in the sequence M(4), M(l)
to M(3).



the Mn(Fe) content must be +3.43 in order to obtain
electroneutrality. To extract a reasonable distribu-
tion of the tri- and tetravalent metal ions at the M
positions, calculations of empirical bond-valences
have been performed, using the parameter values
(rj for the bond valence - bond distance
correlation-functions, .r = exp [ro-r),/0.37], given
by Brown & Altermatt (1985). Fortunately, the
parameter values for 1rr1a3+, Fe3+ and Mna* q:e
very similar [.760(5), 1.759(3) and 1.753(6) A,
respectivelyl. Thus, one single ro value (1.76 A) may
be used as an estimate for all three ion types. Sum-
mations of the estimated bond-valences at each M
position give the values 3.73,2.94,3.18 and 3.84 for
the M positions number l, 2, 3 arrd 4, respectively.
The values obtained for the lead positions Pb(l) and
Pb(2), 1.98 and 2.00, agree well with the expected
formal valence +2 for Pb. The estimated bond-
valences for the M positions indicate that the M(4)
and also the M(l) positions contain major amounts
of tetravalent metal ions. The M(3) positions seem
to contain only minor amounts of tetravalent ions,
andthe MQ) positions, to contain only trivalent ions.
A simple model giving electroneutrality, which is in
reasonable accord with the estimated bond-valences,
would suggest that the M(2) and M(3) positions are
occupied by trivalent ions, the M(4) position by a
tetravalent ion, whereas theM(1) position is occupied
both by tetravalent and trivalent ions in the propor-
tions 5:1. In accordance with the estimated bond-
valences, the trivalent Fe content can be expected to
be found mostly inthe MQ) or M(3) positions. As
the difference in X-ray scattering powers, slightly
higher for Fe3* than Mn3*, could yield somewhat
smaller thermal parameters for a position with a
higher Fe content, it seems possible that MQ) con-
tains a major fraction of the Fe. The avelage metal-
oxygen bond distances 12.027 and 1.996 A f or M(2)
and M(3), respectivelyl are also slightly longer for
this position. An assumption of full Fe occupancy
atthe MQ) position and limited occupancy at other
metal positions would give a chemical formula in
good agreement with the results of the microprobe
analyses.

As discussed above, theM(l), M(3) afi M(4)posi-
tions are located in layers (Figs. 3b, 5) through the
structure. Thus, the metal ions expected to have
higher formal charges are located within the layers,
and those with lower charges [Pb and M(2)], between
the layers. Within the layers, each M(4) position (at
the origin), with a formal charge of + 4, according
to the simple model suggested above, is surrounded
by six M(1) positions with formal charge + 3.83. The
coordination octahedra around these metal ions with
high formal charges, repeated by unit translation
along a1 and a2, are well separated by octahedra
around the metal ions M(3), which have a lower for-
mal charge (cl, Fig. 5).

353
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The apparent paucity ofzenzdnite in the Lingban
deposit appears to be somewhat enigmatic. The
skarns of Lbngban are generally rich in the elements
that constitute the mineral, often combined in
minerals like magnetoplumbite and members of the
kentrolite-melanotekite series, Pb2Mn2Si2Oe-
Pb2Fe2Si2Oe. The limiting factor should probably
be looked for in the physical conditions. It is clear
that the appearance oftetravalent manganese would
require an exceptionally high fugacity of oxygen as
compared to the bulk of the skarn rocks. Zenz6nite
formation, as a result of transformation and replace-
ment of other manganese-iron bearing oxides, is most
likely a late event, yet at conditions far differenl from
those responsible for the genesis of the well-known
mineral associations, characterized by highly reduced
phases like native lead, that are found in late veins,
cutting ores and skarns.

ACKNOWLEDGEMENTS

We thank A.J. Criddle and C.J. Stanley (The
Natural History Museum, London) for their help
with the reflectance measurements and Riksmusei
Vdnner for a travel grant.

RBreRENces

BnowN, I.D. & Ar.renvATr, D. (1985): Bond-valence
parameters obtained from a systematic analysis of
the inorganic crystal structufe database. Acta Crys-
tallogr. B4l, 244-247.

DannrEr, 8., Devar,rrrr, M. & LanounnErrr, B.
(1978): Structure cristalline de Pb3Mt;7O6. Acta
Crystallo gr. B,34, 3528-3 532,

FrscHnn, R.X. (1985): STRUPLO84, a Fortran plot
program for crystal structure illustrations in poly-
hedral representation. J, Appl. Crystallogr. lt,
2s8-262.

Gnrv, I.E. & Llovo, D.J. (1976): The crystal structure
of senaite. Acta Crystallogr.832, 1509-1513.

Hvor, B.G. & Aronnssou, S. (1989): Inorganic Crys-
tal Structures. John Wiley & Sons, New York.

IrrsmarroNer- Teal-ns ron X-Rev Cnvsrauocnepuv
(1974): Vol. IV. Kynoch Press, Birmingham,
England.

Ln Paca, Y. & CelvBnr, L.D. (1984): Pb3Mn7O15: a
further change in the space group of a published
crystal structure . Act a C r ys tal lo gr. C40, 17 87 -17 89,

MacvussoN, N.H. (1930): Lingbans malmtrakt. Sver.
Geol. Undersdk. Ca 23, l-lll.

ZENZENITE, A NEW MINERAL SPECIES FROM LANGBAN



354 THE CANADIAN MINERALOGIST

Mansu, R.E. & HenusrnrN, F.H. (1983): Some addi-
tional changes in space groups of published crystal
structures. Acta Crystallogr. E39, 280-287.

MoonE, P.B. (1970): Mineralogy & chemistry of
Llngban-type deposits in Bergslagen, Sweden.
MineraL Rec. l, 15+172.

-, Srr Gurre, P.K. & Ls Pecn, Y. (1989): Mag-
netoplumbite, Pb2+ Fel2+ O1e: refinement and lone-
pair splitting. Am. Mineral, 74, 1186-1194.

Rouse, R.C. (1971): The crystal structure of
quenselite. Z. Kristallogr. 134, 321-332.

SHrronrcx, G.M. (1976): SHELX-76: Program for
Crystal Structure Determination University of
Gdttingen, Germany.

Received October 2, 1990, revised manuscipt accepted
January 9, 1991.


