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SCHWEIZ. MINERAL. PETROGR. MITT. 75, 337-345, 1995

Stalderite TICu(Zn,Fe,Hg),As,S; — a new mineral related to
routhierite: description and crystal structure determination

Dedicated to Prof. Hans A. Stalder, on occasion of his 70th birthday

by Stefan Graeser'?, Hans Schwander?, Reinhard Wulf? and Andreas Edenharter?

Abstract

A new Tl-sulfosalt mineral, stalderite TICu(Zn,Fe,Hg),As,S,, was found in small cavities of hydrothermal origin in
a Triassic dolomite at the famous sulfosalt locality Lengenbach, Binntal (Ct.Valais, Switzerland). The black col-
oured mineral occurs in well shaped isometric crystals (< 1 mm) in close association with various other Tl- and As-
rich minerals such as: hutchinsonite, hatchite, wallisite, edenharterite, bernardite, besides abundant realgar and orpl-
ment. Single- crystal X-ray studies yielded a tetragonal cell with a = 9.855 (3) A, c=10937 (7) A, Z = 4. The six
strongest lines in the X-ray powder diagram are (d,, in A, I, hkl): 2.940 (100)(222), 4.086 (51)(211), 2.436
'(39)(303), 3.417 (34)(103), 1.743 (23)(440). 1.806 (22)(521). Chemical composition (electron microprobe, mean of
three analyses, weight%) is: Tl 25.80, Cu 7.20, Ag 0.23, Pb 2.25, Zn 9.16, Fe 3.02, Hg 8.90, As 18.48, S 24.48, total
99.52%. From X-ray and chemical data, the close relationship with the mineral routhierite TIHgAsS,, of which stal-
derite represents the Zn-equivalent, was easily recognizable. Stalderite crystals are opaque black with a character-
istic red and blue tarnish; the streak is brown-red. The fracture is uneven to conchoidal; no cleavage could be ob-
served. The microhardness VHN (10 g load) is 135 (132-138) kg/mm?, corresponding to a Mohs hardness of 3/,—4.
The calculated density D, = 4.97 g/cm?; the direct density could not be determined because of small grain size.

The structure determination was carried out using data from single-crystal measurements with synchrotron ra-
diation (A = 1.1213 A) on the 4-circle diffractometer (Huber) at HASYLAB, Hamburg. The space group is 142m
with a = 9.865 (1) A,c=10.938 (2) A, Z = 4. The structure was solved by an Automated Patterson Interpretation
(SHELXS 92) using all 358 unique reflections and refined (SHELXL 92) with anisotropic temperature factors to an
R-value of 0.047.

The Tl atom is coordinated by (2 + 4)S atoms in form of an orthorhombic pyramid with a split apex (mean TI-S
=3.32 A). The Cu as well as the (Zn, Fe,Hg) atoms are surrounded by four S atoms. The polyhedra are slightly dis-
torted tetrahedra (mean Cu-S = 2.36 A, mean (Zn,Fe,Hg)-S = 2.41 Ag) The As atom forms a trigonat pyramid with
three S atoms, with the As atom at the apex (mean As-S = 2.30 A).

The structure of stalderite is characterized by a threedimensional network of the CuS,- and (Zn,Fe,Hg)S,-tetra-
hedra. This network shows channels along the c-axis, where the Tl- and the As-atoms are located at the positions
(0,0,z) and (x,x,z), respectively. Whereas the Tl-As distance of 3.48 A is quite usual for TI-As sulfosalts, the TITI1
distance of 3.29 A is remarkably short, indicating a tendency of TI-Tl interactions. The structure determinations of
stalderite and of routhierite confirm the close relationship of both minerals.

Keywords: stalderite, new mineral, T1-Pb-Zn-As-sulfosalt, microprobe analyses, synchrotron radiation, struc-
ture determination, Lengenbach, Switzerland.
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1. Introduction

Within the last hundred years, the famous sulfo-
salt locality Lengenbach in Binntal (Ct. Valais,
Switzerland) has provided the systematic miner-
alogy with a remarkable number of new sulfosalt
species, of mainly Pb—As-S composition. The clas-
sical old site where minerals had been exploited
for scientific purpose since at least the early 19th
century had to be abandoned in 1986 for technical
reasons but also because of the increasingly unat-
tractive mineral content. During the summer
months in 1987, a new quarry was opened about
25-30 meters above the working level in the old
site and some 3040 meters farther to the east. The
decision to move to this new site was influenced
by the detection of three new thallium-sulfosalts
found in a loose block that fell from the new area
into the old quarry in 1985. These new minerals
were: edenharterite TIPbAs,S, (GRAESER and
SCHWANDER, 1992), erniggliite TI,SnAs,S,
(GRAESER et al., 1992), and the mineral stalderite
described in the present paper (L 18'581 from the
official exploitation).

Since 1988, the new site in Lengenbach has
been operating with remarkable success and has
produced a large number of interesting minerals.
Atleast one additional new Tl-sulfosalt was found
that was accepted under the name jentschite
(TIPbAs,Sb,S,) by the Commission on New Min-
erals and Mineral Names, LM.A. (GRAESER et al.,
in preparation). An additional unknown TI1-Cu-
Ag-As-S mineral is still under investigation. Al-
most simultaneously with the first description of
bernardite TI(As,Sb)sSg (PASAVA et al., 1989), this
mineral was also found in Lengenbach (1989).

The name is for Prof.(emeritus) Dr. Hans A.
Stalder (*1925), former head of the mineralogy
department, Natural History Museum of Berne
who for many years served as a secretary of the
" Arbeitsgemeinschaft Lengenbach".

Type specimens are preserved at the Natural
History Museum and Mineralogical Institute,
University of Basel. Name and mineral data were
approved by the Commission on New Minerals
and Mineral Names, LM.A., prior to the publica-
tion.

The mineral and name stalderite was accepted
by the Commission on New Minerals and Min-
eral Names, LM.A.in 1987. Already from prelim-
inary investigations it became obvious that the
mineral is closely related to the mineral routhier-
ite, described by JoHAN et al. (1974), of which
stalderite represents the Zn-dominant equiva-
lent. Because of unfortunate circumstances the
publication of the mineral stalderite was strongly
delayed.

2. Physical and optical properties

The unknown mineral was detected when look-
ing through the material extracted from the dolo-
mitic rock by Toni Imhof and his team on behalf
of the Lengenbach syndicate ("Arbeitsgemein-
schaft Lengenbach"). We were attracted by the
uncommon morphology of the mineral; the first
visual inspection under the binocular lead to a
misinterpretation of the crystal symmetry: it was
considered to be cubic with cuboctahedral shape.
The error is easily understood if the SEM picture
of the original crystal (Fig. 1) is rotated about 90°
in anti-clockwise sense, the mineral unmistakably
reminds of a cubic crystal. Practically all the pre-
liminary studies were carried out on this almost
perfectly shaped crystal (of 0.4 mm in diameter).
A single-crystal Gandolfi diagram clearly proved
that the mineral was not identical with any Len-
genbach sulfosalt known so far.

Stalderite, like all the numerous other Len-
genbach sulfosalt minerals, occurs in small cav-
ities of hydrothermal origin in the Triassic dolo-
mite (druses). On the few samples known so far
containing stalderite, the mineral always forms
euhedral, isometric crystals that strongly resem-
ble a cubic mineral, their maximum size does not
exceed 0.5 mm. Stalderite crystals display a very
characteristic black colour with metallic lustre, a
slight blue and red tarnish seems to be very typi-
cal for the mineral. Stalderite is completely
opaque, with a Mohs hardness of about 3'/,—4
(corresponding to a microhardness of VHN =
135 kg/mm?); it is brittle and shows no indication
of cleavage. Like erniggliite, stalderite is an ex-

Fig. 1

SEM picture of stalderite. The crystal habit is
dominated by the strong development of the prism
{110} and the dipyramid {101} (Picture: SEM laboratory.
University of Basel).
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Tab.1 Physical and optical properties of stalderite.

Morphology isometric, pseudocubic

Forms prisms {110} and {100}
tetragonal dipyramid {101}
ditetragonal bipyramids {213},
{211}

Colour black, with slight blue and red
tarnish

Streak brown-red

Hardness VHN10g = 135 kg/mm?2
(132-138) —> MOHS = 3.5-4

Cleavage not observed

Fracture uneven, brittle

Density: 4.97 g/cm3 (calculated)

Ore microscopy (LEITZ MPV-compact microscope)

Colour greyish white

Internal reflections  rarely in reds

Bireflectance none observed

Anisotropism very weak

Reflectance values  (WTiC standard, air)

minimum-maximum values

480 nm  27.0-30.5% _
546 nm  27.0-28.0%
589 nm  25.0-27.0%
656 nm  24.4-255%

tremely rare species, known in about ten samples
so far — in contrast to the closely associated eden-
harterite, from which more than 100 specimens
have been identified within the past eight years.

In polished section under reflected light, stal-
derite displays a greyish-white colour, with rare
deep red internal reflections. Anisotropy is very
weak, bireflectance or pleochroism could not be
observed. Reflectance values (see Tab. 1) are
moderate and extremely close to other Tl-sul-
fosalts such as erniggliite (GRAESER et al., 1992),
edenharterite (GRAESER and SCHWANDER, 1992),
hutchinsonite (GRAESER, 1965) from Lengen-
bach.

The same crystal, as used for X-ray single-
crystal investigation, was measured on an optical
goniometer (Terpstra) for identification of the
crystal faces. The size of the crystal (0.4 mm
across) was practically beyond the feasibility of
the goniometer; the main difficulty was to attrib-
ute the reflection signals to the proper corre-
sponding crystal faces. The crystal habit is defined
by the development of a large prism {110} and
dipyramid {101}, additional forms are {100}, {121}
and {112} (see Tab. 2, Fig. 2). The c/a ratio deter-
mined from the position of the faces (101) and
(112) agrees excellently with the one calculated
from the cell parameters, 1.109 and 1.1098, re-
spectively.

Tab. 2 Stalderite, measurements on optical
goniometer.

Forms Pobs Pobs Peale Pcalc
100 90° 90° 90° 90°
110 45° 90° 45° 90°
101 90° 47.9° 90° 47.98°
112 45° 38.2° 45° 38.13°
121 26.6° 66.4° 26.5° 68.06°
¢/a = 1.109 (calculated from {101} and {112} faces)

3. Chemical composition

The unknown mineral consequently was investi-
gated by SEM techniques (Cambridge Stereo-
scan Mark 2A, equipped with EDS analytical
system, University of Basel) with respect to its
morphology and qualitative chemical composi-
tion. From the EDS analysis the following ele-
ments were detected: Tl, Cu, Zn, Fe, As, S — the
element Hg was not yet found. The next step was
to carry out a quantitative microprobe analysis.
Meanwhile it became obvious from single-crystal
data that the mineral is closely related to rou-

112

121
101

100

010
110 4

Fig. 2 Stalderite, idealized crystal drawing (SHAPE)
according to measurements on an optical goniometer.
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Tab. 3 Microprobe analyses of stalderite from Lengenbach (wt%).

A B C D E

Tl 2491 2578 26.70 25.80 25.86
Cu 7.35 7.33 6.90 7.20 8.04
Ag 0.19 .08 0.39 0.23
Pb 1.85 2.65 —— 225
Zn 10.10 9.05 8.32 9.16 9.10
Fe 2.11 313 3.82 3.02 353
Hg 9.69 8.56 8.45 8.90 10.15
As 18.13 17.67 19.65 1848 18.96
S 24.65 24.52 2427 24.48 24.36
Total 98.98 98.77 98.50 99.52 100.00
Structural formula (based on 12 atoms):
Tl 98 1.02 1.04 1.02 1.0
Cu 94 94 .88 9 1.0
Zn 1.25 1.12 1.02 1.13 1.1
Fe .30 45 .55 44 0.5
Hg 39 35 34 36 0.4
As 1.95 1.91 2.10 1.99 2.0
S 6.19 6.20 6.06 6.16 6.0

A, B, C analyses of individual crystals

D mean of three analyses

E composition for TICu(Zn, ;Fe sHg ,)As,S¢

thierite TIHgAsS; described by JOHAN et al.
(1974), therefore the element Hg was tested in
particular. The analyses were carried out on an
ARL instrument (SEMQ, TN 2000, ZAF pro-
gram), the following standard materials were
used: synth. TIAsS, (TI, As, S), galena (Pb), cinna-
barite (Hg), and pure elements (Pb, Zn, Cu, Fe,
Ag). Three individual analyses of different crystal
fragments lead unequivocally to the following
formula: TICu(Zn,Fe,Hg),As,S4 (see Tab. 3.). The
fact that the Tl and Cu contents in atomic num-
bers are close to 1:1 suggested different sites for
the two elements, an assumption that was subse-
quently proven by the structure determination.

4. X-ray diffraction study

Preliminary X-ray powder data were obtained
from the whole single crystal of 0.4 mm (Fig. 1) by
the Gandolfi X-ray camera. The diagram could
not be identified with any known mineral nor
could additional powder diagrams, obtained by
common Debye-Scherrer cameras. The subse-
quent single-crystal study (Weissenberg and Pre-
cession techniques) lead to a tetragonal mineral
with a body-centered cell, Lauve group I4/mmm.

As the number of sulfosalt minerals with tetrago-
nal symmetry is quite restricted, it was easy to
state the relationship with the Tl-Hg-As-sulfosalt
routhierite. In combination with the chemical
data, the unknown mineral turned out to be a
new sulfosalt species — the Zn-equivalent of rou-
thierite in which most of the mercury was substi-
tuted by zinc. Powder diffraction data are given in
table 4.

Since the first discovery of the mineral only
about ten stalderite samples have been detected,
all of them were identified by X-ray diffraction.
The d-values obtained from these samples
showed some variation, and the refinement of lat-
tice parameters from the powder data indicated
that especially the ¢ parameter is subject to vari-
ations: a = 9.855-9.868 (3) A, ¢ = 10.937-11.064
(4) A. This variation in lattice parameters is un-
doubtedly caused by chemical variations in the
(Zn,Fe Hg)-site.

5. Occurrence
Stalderite is a member of numerous Pb-Cu-TI-

Ag-As-sulfosalt minerals occurring in rounded
cavities (druses) of the Triassic dolomite at the lo-
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Iab. 4 X-ray diffraction data for stalderite.

h k1 deaie dops V11
110 6.97 6.91 5
2 00 4.928 4932 5
211 4.088 4.086 51
2 02 3.661 3.666 5
103 3.419 3.417 34
310 3.116 3.116 14
29 8 2.938 2.940 100
213 2.809 2.820 6
312 2.708 2.693 6
5§31 2.652 2651 15
114 2.545 2.541 20
303 2.440 2.436 39
20 4 2.391 2.393 10.

411 2335
} 2.326 9

330 2.323
314 2.055 2.055 10
413 1.9988 1.9984 15
40 4 1.8303 1.8311 15
521 1.8049 1.8060 2
440 1.7421 1.7431 23
42 4 1.7157 1.7141 12
6 1 1 1.6026 1.6046 9
6 02 1.5730 1.5722 12
6 22 1.4985 1.4983 14
1.4867 6
1.4421 6
1.4122 5
1.1609 7

a = 9.855(3) A
¢ =10937 (7) A
c/a= 1.1098

Debye-Scherrer camera, 114.6 mm diameter, FeK,-

radiation, intensities determined densitometrically.
Cell parameters refined from powder data.

V =1062.3 (7) A3

cality Lengenbach in Binntal, Ct. Valais, Switzer-
land. All these minerals presumably were formed
by the activity of Tl-As-bearing hydrothermal so-
lutions during Alpine metamorphism. Most of the
sulfosalts, stalderite in particular, occur in idio-
morphic crystals of small size, rarely exceeding
1-2 mm. On the few samples containing stalder-
ite so far, the mineral is closely associated with
other Tl-As-rich minerails such as hutchinsonite,
hatchite, realgar, orpiment. Its occurrence seems
to be strictly limited to the new working level of
the Lengenbach quarry about 25 meters above
the bottom of the old classical location on the
righthand bank of the Lengenbach stream. A
more detailed description of the old and new sites
is given in GRAESER (1965) and GRAESER and
SCHWANDER (1992a).

When the "Arbeitsgemeinschaft Lengen-
bach", the syndicate exploiting the Lengenbach

Tab. 5 Tl-minerals in Lengenbach (in chronological
order).

*hatchite TIPhAgAS,Ss 1902 1)
*hutchinsonite TIPbAs;S, 1903  2)
*wallisite TIPbCuAs,S; 1963  3)
*imhofite TlgAs15S,5 1964  4)
lorandite TIAsS, 1966  5)
*edenharterite TIPbAs;S, 1985 6)
*erniggliite T, SnAs,S, 1985 7
*stalderite TICu(Zn,Fe,Hg),As,S¢ 1985  8)
bernardite TI(As,Sb)sS¢ 1990 9
*entschite TIPbAs,Sb;S, 1990 10)
(unknown:  TI-Pb-Cu-Ag-As-S phase 1988)

1) SoLry and SmiTH (1912), Nowack! et al. (1964); 2)
SoLLy (1905); 3) Nowacki (1965); 4) BURRI et al
(1965); 5) GRAESER (1967); 6) GRAESER and
SCHWANDER (1992a); 7) GRAESER et al. {1992); 8) this
paper; 9) GRAESER, in HOFMANN et al. (1992); 10)
GRAFESER et al. (1995).

* = first description (type locality Lengenbach)

minerals since 1958, opened the new site in 1988,
a most striking feature was detected concerning
the chemical composition of the minerals from
this site: they display much higher contents of the
elements Tl and As than those from the classical
Iocality. Whereas TI-As-sulfosalts (hutchinsonite,
hatchite) from here represented extreme rarities
in the past, the same minerals and additional
members were found in numerous samples at the
new site. The mineral hatchite e.g., described by
SoLLy and Smith (1912) — only crystallographic
data, a chemical determination was not possible
because of lack of material — existed until 1964
only in a few extremely small crystals. The chem-
ical nature as of a Tl-mineral was determined by
microprobe technique on new material found in
1963 (NowAcki et al,, 1964). Within a short pe-
riod, more hatchite material was found at the new
site than in the 80 years since the mineral was first
described. Moreover, hutchinsonite became a
very common mineral and several new species
could be determined (Tab. 5).

Another Lengenbach mineral, rathite (Pb,
T1);AssS,g, figuring within most compilations of
Tl-As-sulfosalts (NOWACKI und BAHEZRE, 1963)
should not be considered as a genuine Tl-mineral
according to our knowledge. Most Pb-Cu-As-sul-
fosalts like sartorite, dufrénoysite, tennantite
("binnite"), etc. from the new site contain consid-
erable amounts of Tl and therefore change their
colour from black into red (translucent in thin
fragments). Yet, all these minerals may exist with-
out any Tl-content, and do not represent Tl-min-
erals in the real sense. Despite this restriction,
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Tab. 6 Fractional atomic coordinates and isotropic thermal parameters U,,, of stalderite, TICu(Zn,Fe,Hg),As,S,

from synchrotron data (1 =1.1213 A).

X y Z Uequ [AZ]
TI 0.0 0.0 0.3501(2) 0.0453(6)
Cu 0.0 0.5 0.25 0.0096(8)
Zn, Fe, Hg 0.2253(2) 0.5 0.5 0.0183(5)
As 0.2628(2) 0.2628(2) 0.2495(6) 0.0177(7)
S(1) 0.1010(4) 0.3385(4) 0.3801(4) 0.0148(9)
S(2) 0.1265(4) 0.1265(4) 0.1330(5) 0.0143(12)

with the minerals from the new site the Lengen-
bach occurrence has advanced to one of the most
prominent Tl-mineralisations worldwide, with al-
most half of all known Tl-minerals occurring at
this locality. The study of an additional unknown
T1-Pb-Cu-Ag-As-phase could not be accom-
plished by now because no adequate material
was available for single-crystal work (only in
multiple twins).

6. Experimental

6.1. THE USE OF SYNCHROTRON RADIATION

Synchrotron radiation may be roughly described
as a pulsed and highly polarized "white radia-
tion" of high brillance (i.e. high intensity and high
collimation) over a wide spectral range up to the
hard X-ray wave lengths. Depending on the spec-
tral range used for the experiments, specific
monochromators are designed to select the ap-
propriate wavelength from the "white spectrum”.
In the case of measurements using the X-ray
range so called "fixed exit monochromators"
based on a two-fold Bragg-reflection on two in-
dependent single crystals, usually Ge(111) or
Si(111), are at present "state of the art" (KupcIk
et al., 1983 and 1986). The main advantages of us-
ing synchrotron radiation in single crystal work

have already been summarized in a short over-
view on the structure of erniggliite TISnAs,S¢
(GRAESER et al., 1992).

6.2. MEASURING PROCEDURE, DATA
COLLECTION AND DATA REDUCTION

Single crystal measurements on stalderite were
carried out on the 4-circle diffractometer at
HASYLAB (Hamburger Synchrotron Labor) at
DESY (Deutsches Elektronen-Synchrotron).
Thé use of synchrotron radiation was necessary
since only very small crystals were available. The
dimensions of the best crystal, selected for the
single crystal measurements, were 0.048 X (0.024
X 0.016 mm. Using a 4-circle diffractometer at-
tached to a conventional X-ray tube (Mo-Ka,
1.5 kW, graphite monochromator) only few re-
flections were measured. The wavelength used
(1.1213 A) was selected as a compromise be-
tween a) high scattering power, b) high photon
flux and c) the necessity of avoiding the closeness
of an absorption edge. From 38 reflections in the
range of 22.0-54.1° 2@ the lattice parameters
were determined by least square refinement to
be a=9865(4) A,c=10938(5) A,a=B=vy=
90°. With Z = 4, the calculated density is p =
4.95 g/cm?. These results are in good agreement
with those obtained from powder diffraction

Tab. 7 Interatomic distances (A) in stalderite (standard deviations in brackets).

Tl - S(2) 2.959(6) 2X Cu = S(1) 2.357(4) 4%
- S(1) 3.500(5) 4x

meanTl-S§ 3.320

Tl = Tl 3.279(4)

Tl - As 3.484(5) 4x

Zn* - S(1) 2.401(4) 2% As - S(1) 2.269(6) 2X
- S(2) 2.410{4) 2X — S(2) 2.289(7)

mean Zn — S 2.406 mean As - S 2.297

* with minor contents of Fe, Hg
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measurements. The data collection was carried
out using a special measuring procedure
(WENDSCHUH-JOSTIES and WULF, 1989), devel-
oped especially for single crystal diffraction ex-
periments with synchrotron radiation. The reflec-
tion profiles indicate that the crystal used was of
relatively poor quality, due to the peak width
(FWHM) varying from 0.08-0.28° 20. The latter
value is rather large for synchrotron radiation
and points to an extended mosaic spread of the
crystal. Moreover, the profiles were partially split
or showed an asymmetric shape depending on
the crystallographic direction. In terms of count-
ing the crystal size was optimal: the maximal

d2

Tl TN

count rate was about 20°000 cps, high enough to
obtain a good counting statistic. Since the dead
time correction is valid up to this counting rate no
attenuation filters — a general source of system-
atic errors — were necessary.

Using the synchrotron data reduction pro-
gram SYNRED (WENDSCHUH-JOSTIES and
WULF, unpublished) the raw intensity data were
corrected for deadtime loss, scaled by the moni-
tor intensities and finally corrected for Lorentz-
and polarization-effects. A semi-empirically ab-
sorption correction was applied using the psi-
scan technique (XEMP, SHELDRICK, 1976).

Cu

ST
S2 Zr‘],Fe,Hg
C : Y
|
N
= / \

Fig. 3 Projection of the stalderite structure // c-axis.
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7. Structure determination and refinement.

The analysis of the corrected intensity data for
systematic absences and internal consistency of
the equivalent reflections confirmed both the
body centered lattice and within the Laue class
4/mmm the five possible spacegroups: 142m,
I4m2, 1422, [4mm, [4/mmm, as proposed from
previous film methods.

The statistical distribution of the normalized
|E2-1|-value (0.786) showed a good agreement
with the theoretical value (0.736) for an acentric
structure. As a first attempt in solving this struc-
ture, we used the most probable symmetry, [42m.
Whereas direct methods failed, the structure was
solved by a computerized three-dimensional
super-sharp Patterson superposition method im-
plemented within the structure solution package
SHELXS-92 (SHELDRICK, 1992) which was avail-
able to us as a pre-version.

For the subsequent structure refinement we
used the y-version of SHEILX1.-92 which is based
on F2. From 358 unique reflections, 296 were
measured with F2 > 20(F2). The "final" R(F)-
value of 0.047 and standard deviations which are
comparable with conventional X-ray measure-
ments may be somewhat surprising, since com-
mon arguments such as incorrect absorption or
extinction correction are not valid in the case of
this small crystal. We think, this is due to the "bad
reflection profiles” mentioned above which could
not be perfectly corrected. For this reason table 6
gives besides the fractional atomic coordinates
only the isotropic temperature factors.
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For the same reason in table 7 the inter-atom-
ic distances are presented without the angles,
since the latter are extremely sensitive on small
shifts of the atomic coordinates. From the refine-
ment of the structure and of the occupation fac-
tors of the (Zn,Fe,Hg) position the formula of
stalderite is calculated to be: TICu(Zn, cFe 4
Hg 35)As;Se.

8. Description of the structure

A projection of the structure // c-axis is shown in
figure 3. The T1As,S¢-polyhedron is presented in
figure 4.

The arrangement of the § atoms around the Tl
shows a (2 + 4) coordination which can be de-
scribed as an orthorhombic pyramid with a split
apex. Four S(1) atoms form a rectangular base
with identical T1-S(1) bond-lengths of 3.500 A.T1
is slightly shifted from the center of the base
towards the split apex, occupied by two S(2) at-
oms with TI-S distances of 2.959 A (mean TI-S =
3.320 A). This type of coordination polyhedron is
not known from TI-As-sulfosalts so far. As shows
the well known trigonal pyramidal coordination
with three S atoms, two S(1) and one S(2), form-
ing the base and the As at the apex (mean As-S
=2.297 A).These sulfur atoms are also part of the
T1 polyhedron. One Tl polyhedron and two sym-
metry equivalent As polyhedra build a mixed
metal-coordination polyhedron having the for-
mula TIAs,S, by sharing common faces (Fig. 4).
The Tl-As distances of 3.484 A in stalderite are

A\

ST S

Fig. 4 The TlAs,S¢-polyhedron in stalderite.
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within the range of 3.3 to 3.6 A as found in other
(Tl-As)-sulfosalts. Additionally the structure
shows a remarkably short TI-Tl distance of
3.279 A suggesting T1-T! interactions as proposed
by FLEET (1973). Both, the Cu- as well as the
(Zn,Fe,Hg)-atoms are surrounded by four S at-
oms forming slightly distorted tetrahedra (mean
Cu-S§ =2.357 A, mean {Zn,Fe, Hg] = 2.406 A). The
analysis of Cu-S distances in approximately 20
other Cu-bearing sulfosalts yields a mean value
of 2.34 A (EDENHARTER, 1976), which is in good
agreement with the present investigation. An
equivalent comparison cannot be done in the
case of Zn-S distances due to the lack of suffi-
cient crystal data available so far.

The basis of the stalderite structure is a three-
dimensional network formed by the CuS, and the
(Zn,Fe,Hg)S, tetrahedra, sharing common cor-
ners. This network shows channels // c-axis in
which the Tl and the As atoms, located at the po-
sitions {0,0,z) and (x,x,z) respectively, build
mixed metal-polyhedra (T1As,Ss) as described
above. These polyhedra stabilize the network by
sharing corners and edges with the CuS, and the
(Zn,Fe,Hg)S, tetrahedra.

With S:As = ¢ = 3 the structure of stalderite
with isolated trigonal BS;-pyramids belongs to
group II al of the classification proposed by
NoOwACKI (1969). A subsequent determination of
the crystal structure of routhierite (WULF et al.,
1995) confirmed our assumption that the struc-
tures of routhierite and stalderite are isotypic. A
detailed comparison of the two structures ap-
pears in a separate paper.

Acknowledgements

The "Arbeitsgemeinschaft Lengenbach", the syndicate
exploiting the Lengenbach minerals for scientific re-
search, kindly put the required material at our disposal.
We are greatly obliged to R. Guggenheim and M.
Diiggelin (SEM laboratory, University of Basel) who
contributed SEM pictures and preliminary qualitative
chemical analyses of the mineral. Special gratitude ows
to Prof Dr. G. Sheldrick for the introduction to the pre-
version of the structure solution and refinement pack-
ages (SHELXL.-92 and SHELXS-92) and for the pos-
sibility to use the computer facilities of the Institute of
Inorganic Chemistry, Gottingen. We would like to
thank Dr. M. Wendschuh-Josties for experimental sup-
port at the HASYLAB, Dr. M. Steins for several hints
using ORTEP, and K. Hipe for the graphical layout of
the structure plots. Parts of the computations were car-
ried out at the facilities of the Gesellschaft fiir wissen-
schaftliche Datenverarbeitung in Géttingen (GWDG).
The present investigation was supported by a grant of
the Bundesministerium fiir Forschung und Technologie
(BMFT) under contract no. 05 320 TABS.

References

EDENHARTER, A. (1976): Fortschritte auf dem Gebiete
der Kristallchemie der Sulfosalze. Schweiz. Mineral.
Petrogr. Mitt., 56, 195-217.

FLeeT, M.E. (1973): The crystal structure and bonding
of lorandite Tl,As,S,. Z. Kristallogr. 138, 147-160.

GRAESER, S. and SCHWANDER, H. (1992a): Edenharter-
ite (TIPbAs;S,): a new mineral from Lengenbach,
Binntal (Switzerland). Eur. J. Mineral. 4, 1265-1270.

GRAESER, S., EDENHARTER, A. and BERLEPsScH, P
(1995): Jentschite (TIPbAs,Sb;S,) — Description and
structure refinement of a new mineral from the
Lengenbach quarry, Binntal, Ct. Valais, Switzerland.
EUGS, Strasbourg (poster).

(GGRAESER, S., SCHWANDER, H., WULF, R. and EDEN-
HARTER, A. (1992): Erniggliite (TLSnAs,S;), a new
mineral from Lengenbach, Binntal (Switzerland):
description and crystal structure determination
based on data from synchrotron radiation. Schweiz.
Mineral. Petrogr. Mitt. 72, 293-305.

HoFMANN, B., GRAESER, S., IMHOF, T., SICHER, V. and
STALDER, H.A. (1992): Mineralogie der Grube Len-
genbach, Binntal, Wallis. Zum 35jahrigen Bestehen
der Arbeitsgemeinschaft Lengenbach. Jahrb. Natur-
hist. Mus. Bern 11, 1900-1992.

Jonan, Z., MANTIENNE, J. and Picor, P. (1974): La rou-
thierite, TIHgASsS;, et la laffittite, AgHgAsS,, deux
nouvelles especes minérales. Bull. Soc. Fr. Minéral.
Cristallogr. 97, 48-53.

Kupcik, V., WENDSCHUH-JOSTIES, M., WOLF, A. and
WuLF, R. (1986): The five circle diffractometer at
HASYLAB: Recent developments. Nucl. Instr. and
Meth. A, 246, 624-626.

Kuecik, V., WULF, R., WENDSCHUH, M., WOLF, A. and
PeHLER, A. (1983): A new X-ray monochromator
for synchrotronradiation coupled with a 5-circle dif-
fractometer. Nucl. Instr. and Meth., 208, 519-522.

Nowackl, W. (1965): Uber einige Mineralfunde aus dem
Lengenbach (Binnatal, Kt. Wallis). Eclogae geol.
Helv. 58, 403-406.

Nowackl, W. (1969): Zur Klassifikation und Kristallche-
mie der Sulfosalze. Schweiz. Mineral. Petrogr. Mitt.
49,109-156.

Nowackl, W, MaruMo, E. and TAkKeUcCHI, Y. (1964):
Untersuchungen an Sulfiden aus dem Binnatal (Kt.
;Vallis, Schweiz). Schweiz. Mineral. Petrogr. Mitt. 44,

-9.

Pasava, J., PERTLIK, F., STUuMPFL, EE., ZEMANN, J.
(1989): Bernardite, a new thallium arsenic sulpho-
salt from Allchar, Macedonia, with a determination
of the crystal structure. Min, Mag, 53, 531-538.

SHELDRICK, G. (1976): XEMP-X-ray data absorbation
correction program, unpublished.

SHELDRICK, G. (1992): SHELXL-92, program system
structure refinement, unpublished.

SHELDRICK, G. (1992): SHELXS-92, a program system
for structure solution, unpublished.

SoLry, R.H. (1905): Some new minerals from the Bin-
nental. Min. Mag. 14, 72-82.

SorLry, R.H. and SmitH, GFH. (1912): Hatchite, a new
(anorthic) mineral from the Binnental. Min. Mag.
16, 287-289.

WENDSCHUH-JosTIES, M. and WULF, R. (1984): Synred,
synchrotron data reduction program, unpublished.

WENDSCHUH-JOSTIES, M. and WULF, R. (1989): A mea-
suring procedure for single crystal diffraction using
synchrotron radiation. J. Appl. Cryst. 22, 382-383.

Manuscript received July 11, 1995; revision accepted
August 31, 1995.



	Stalderite TlCu(Zn,Fe,Hg)2As2S6 - a new mineral related to routhierite : description and crystal structure determination

