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Abstract. The crystal structure of launayite, ideally CuaPboo(Sb, As)26Se0 (Z = 4) from Taylor Pit, Madoc,
Ontario, Canada, has been solved for the first time using the single-crystal X-ray diffraction (SCXRD)
method. The mineral is composed of distinct superstructures that can be derived from the same parent
structure. The structure of the main component is monoclinic and has been solved in the space group
P2/a, with cell parameters a = 42.6466(14), b = 8.0381(2), ¢ =34.3957(10) A, B =64.684(2)°, and V =

10658.4(6) A’ from an untwined crystal. The asymmetric unit of launayite contains 48 cation sites and 60
sulfur sites. Final refinement resulted in an R; value of 0.0955 for 11741 unique reflections. The structural
formula obtained from SCXRD study is CuPbog 330Sb23.024A82.689560, Z = 4, in agreement with the formula
Cu2.078 A8 059 T10.057Pb20.404Sb22 830 As2.772S59.80 from microprobe analysis. The structure of launayite can be
viewed both as a boxwork structure and as a rod-based structure. The modular description of the launayite struc-
ture reveals a very close relationship with the structure of rouxelite: the parent structures of both can be regarded
as merotypes. A full comparison of the crystal chemistry and modular description of both structures is presented.

1 Introduction

Launayite is a unique (Cu)-Pb-Sb(As) sulfosalt mineral, first
described by Jambor (1967a, b) from Taylor Pit, Madoc,
Ontario, Canada. Other very rare minerals from the same
locality, identified and described simultaneously with lau-
nayite by Jambor, are playfairite, sorbyite, madocite, ster-
ryite, twinnite, guettardite, dadsonite, and veenite. The crys-
tal structure of dadsonite (Makovicky et al., 2006), sterryite
(Moélo et al., 2012), twinnite (Makovicky and Topa, 2012),
guettardite (Makovicky et al., 2012), and veenite (Topa and
Makovicky, 2017) were resolved in the meantime. The veen-
ite crystal structure was obtained from Madoc material, and

the rest of the crystal structures employed materials from
other deposits. The crystal structure of launayite, playfairite,
madocite, and sorbyite remained unknown up to now.

The first chemical formula published by Jambor for lau-
nayite was PbyySbagSe1. X-ray powder diffraction indicated
that the crystal is monoclinic, with unit cell parameters a =
42.6(7), b =18.04(5), ¢ =32.3(6) A, B =102.02(25)°, and
V =5370.8A°. He noted that the b parameter was twice the
length of a pseudocell axis (b = 2b" =2 x 4.02 A), based on
the observation that diffraction rows corresponding to 25’
were “extremely weak and barely discernible”. For the pseu-
docell, diffraction spots occurred only when h +k were even,
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leading him to suggest the space group C2, Cm, or C2/m
(Jambor, 1967b).

In 1982, Jambor and co-authors reported new electron mi-
croprobe analyses of launayite from the same type material
(Jambor et al., 1982), which revealed minor amounts of Cu,
ranging from 1.3 wt % to 1.4 wt%. The authors stated that
“its non-essential character is evident in that launayite has
been synthesised in the pure PbS—Sb,S3 system” (Nekrasov
and Bortnikov, 1977) and therefore concluded that the small
amount of Cu was not significant and did not need to be con-
sidered in the ideal chemical formula.

The re-examination of the chemistry of tintinaite—kobellite
series by microprobe analyses conducted and published by
Moélo et al. (1984) pointed to the conclusion that “minor
amounts of Cu incorporated in a specific tetrahedral site is
thought to stabilise some Pb sulfosalts at low temperatures”.
Some examples were given, including launayite, with a new
formula Pb;o(Sb, As);3CuS3q, based on results from Moélo
(1983).

The review of sulfosalt systematics published as a report
of the sulfosalt sub-committee of the IMA Commission on
Ore Mineralogy by Moélo et al. (2008) placed launayite with
formula CuPb1((Sb, As)13S30 and unknown crystal structure
into an unclassified group of sulfosalt minerals.

In connection with our previous and ongoing analyti-
cal work on Madoc sulfosalt material, we performed addi-
tional microprobe analysis and a single-crystal study of this
mineral. This study presents the crystallography and crystal
chemistry of launayite from Madoc, Ontario, Canada. The
present paper expands the knowledge and understanding of
this very rare and complex mineral and its close structural
relationship with rouxelite, while also contributing to the
broader field of sulfosalt research.

2 Chemical composition

Launayite is extremely rare, apparently unique up to now,
and difficult to obtain due to the exhaustion of the Taylor
Pit deposit. Upon request we were kindly provided with type
material of launayite (sample MC 61062) by Inna Lykova,
Laura Smyk, and Michael Bainbridge from the Canadian
Museum of Nature for re-analysing and attempting to solve
the crystal structure of launayite.

Figure 1 depicts the re-polished type specimen of launayite
(MC 61062) which contains two black sulfosalt aggregates in
embedding material. The backscattered electron image of ag-
gregate no. 2 from Fig. 1 is presented in Fig. 2a. It shows one
large launayite (Lau) grain (1) in contact with jamesonite (Ja)
and a second small launayite (Lau) grain (2), which was me-
chanically extracted after EMPA analyses and after permis-
sion for crystal extraction was obtained. Additional launayite
material, beside aggregate no. 1 from Fig. 1, was found in
only two other samples, MC 12177 (grain #6) and MC 12178
(grain #2), in our larger ongoing study on Madoc.
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Figure 1. Photograph of the polished type specimen of launayite
with catalogue number MC 61062, from Taylor Pit, Madoc, On-
tario, Canada, showing two black sulfosalt aggregates (ca. 2 x 3 mm
in embedding material) containing launayite.

Chemical analyses of launayite and associated minerals
were carried out using a JEOL “Hyperprobe” JXA 8530F
field emission gun electron microprobe (FE-EPMA) at the
Central Research Laboratories of the Natural History Mu-
seum, Vienna. The analyses employed JEOL and Probe
for EPMA software (WDS mode, 25kV, 20nA, 1.5um
beam diameter, count time 15s on peak and 5s on back-
ground positions). The following emission lines and stan-
dards were used: AsLa and T1La (lorandite, TIAsSS;), PoM o
(galena), AgLo (Ag metal), SbLa and SK « (stibnite), Hg Lo
(cinnabar), and CuK « (chalcopyrite). Other elements such as
Bi, Fe, and Cl1 were sought but not detected. Proper empirical
correction was made for the interference of the third order
of the SbL« line with the analytical AsL« line. Under the
described analytical conditions, the detection limits for the
measured elements in the launayite matrix were as follows
(expressed in wt %): C10.03; S, Cu, and Fe ~ 0.04; As, Ag,
and Sb ~ 0.06; T1 0.08; and Hg, TI, Pb, and Bi ~0.1.

Based on all 54 analytical measured points of launayite,
we defined four main groups of analyses, represented by their
mean values and presented in Table 1: (1) all 54-point analy-
ses combined, (2) a group with low Cu and As contents, (3) a
group with high Cu and As contents, and (4) a group for the
grain used in the single-crystal X-ray diffraction (SCXRD)
study. All four groups show good charge balance and are
characterised by low standard deviations for the measured el-
ements. The detected amounts of Ag and TI are very low but
clearly over the detection limits. The high Cu and As values
and the low Cu and As values are not correlated. Variations
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Table 1. Average chemical composition data (in wt %) of launayite (Lau) from Madoc, grouped as follows: G1, all measured points; G2:
high (Cu, As) compositions; G3: low (Cu, As) compositions; G4, composition of the extracted grain for SCXRD study. G5 and G6 represent
chemical composition derived from structural (SREFF) and ideal formulae. J and M represent analyses on launayite from Madoc by Jambor
and Moélo. Empirical formulae are calculated based on 108 apfu (¥Me + XS for the asymmetric unit and Z = 4). Values in italics represent

standard deviations.

Element/G Gl G2 G3 G4 G5 G6 JG6 MG6

NA? 56 7 8 10 - - - -

Cu 1.44 1.48 1.41 1.42 1.37 1.36 1.4 1.31
0.03 0.01 0.01 0.01

Ag 0.08 0.10 0.09 0.07 - - - -
0.07 0.07 0.09 0.08

Tl 0.08 0.10 0.11 0.13 - - - -
0.07 0.07 0.08 0.07

Pb 4570  45.96 45.59 45.55 4543  44.27 44.9 45.32
0.37 0.27 0.14 0.17

Sb 29.55 29.37 30.15 29.97 30.27 33.82 31.8 31.28
0.55 0.17 0.36 0.21

As 2.47 2.65 2.17 2.24 2.15 - 1.7 1.84
0.19 0.07 0.08 0.10

S 20.74 20.87 20.67 20.67 20.77  20.55 20.8 20.73
0.16 0.12 0.09 0.06

Total 100.15 100.54 100.20 100.04 100.00 100.0 100.6 100.57
0.89 0.42 0.29 0.19

chP 0.07 -0.29 0.39 0.19 -0.29 0.0 0.82 0.88
0.89 0.62 0.64 0.48

Cu 2.09 2.15 2.06 2.078 2.00 2.00 2.03 1.91
0.04 0.02 0.01 0.02

Ag 0.07 0.08 0.08 0.059 - - - -
0.06 0.06 0.08 0.07

Tl 0.04 0.05 0.05 0.057 - - - -
0.03 0.03 0.04 0.03

Pb 20.40 20.41 20.40 20.404 20.31 20.00 19.98 20.22
0.09 0.07 0.10 0.09

Sb 22.53 22.19 2296 22.830 23.028 26.00 24.08 23.75
0.39 0.17 0.22 0.16

As 3.05 3.26 2.68 2.772 2.662 - 2.09 2.27
0.22 0.09 0.11 0.13

S 59.83 59.87 59.76  59.800 60.00 60.00 59.81 59.717
0.18 0.12 0.15 0.10

Sb/As 7.44 6.82 8.57 8.26 8.65 - 11.52 10.46
0.70 0.19 0.40 0.42

Pb*¢ 20.80 20.97 20.79  20.560 20.31  20.00 20.06 20.16
0.18 0.18 0.22 0.18

Sb* 25.38 25.17 2545 25.408 25.69 26.00 26.14 25.94
0.27 0.24 0.21 0.18

Pb*/Sb* 0.820  0.833 0.817 0.809 0.791 0.769 0.767 0.777
0.01 0.01 0.01 0.013

2 Number of point analyses. ® c/: charge balance values calculated as (Ecation valence — Sanion valence) using atom
per cent values. © Pb* =Pb + 2(Ag + Tl + Cuextra), Sb* = Sb + As — (Ag + Tl + Cuextra) and Cuexra = Cu — 2,
calculated using apfu.
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Figure 2. (a) Backscattered electron image of aggregate no. 2 from Fig. 1 showing one large launayite grain (Laul) in contact with jamesonite
(Ja) and a small launayite grain (Lau2), which was mechanically extracted after EMPA analyses. (b) Corresponding plane-polarised optical
image, which reveals twin lamellae of launayite in the large grain but not in the small one.

of As are correlated with variations of Sb and indicate an
As*T < Sb3T substitution.

The empirical formulas for all groups were calculated
based on 108 apfu, Z = 4 (from the SCXRD study). The em-
pirical formula for the grain used in the SCXRD study is
Cu2.078Ag¢ 059 T10.057Pb20.404Sb22.830A82.772559.80-

3 Single-crystal X-ray diffraction

A plane-polarised optical image (Fig. 2b) of aggregate no. 2
reveals twin lamellae of launayite in the large (Laul) grain
but none for the small (Lau2) launayite grain. The latter grain
was extracted mechanically from the polished sample and
used for the SCXRD study.

Intensity data of a small needle-shaped fragment were col-
lected at room temperature using a STOE StadiVari diffrac-
tometer system equipped with an EIGER2 1M CdTe detector.
Finely collimated MoK « radiation was employed, utilising
finely sliced w scans and a detector distance of 70 mm. Data
were processed using STOE X-Area software, and intensities
were scaled with STOE LANA (Koziskova et al., 2016).

The structure of launayite was solved by the dual-space
method implemented in SHELXT (Sheldrick, 2015a), which
revealed most of the atom positions, and was subsequently
refined using SHELXL (Sheldrick, 2015b). In subsequent cy-
cles of the refinement, remaining atom positions were de-
duced from difference Fourier syntheses by selecting from
among the strongest maxima at appropriate distances.

Details on data collection and results of the structure re-
finement of launayite are given in Table 2, and full de-
tails are given in the CIF file deposited as a Supplement
(S1_launayite.CIF file). The fractional atomic coordinate,
occupancies, anisotropic atomic displacement parameters,
charge distribution (CD) values, bond valence sum (BVS),
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and coordination values for all sites are compiled in Table 3.
Table 4 gives selected Me—S bond lengths.

The asymmetric unit of launayite (Fig. 3) contains 48
cation and 60 anion sites. The metal sites consist of 21 Pb, 25
Sb, and 2 Cu positions. In total, 7 Pb sites are mixed with As
(Mel5 to Me21): 1 Sb site is mixed with Pb[(Sb,Pb)9], 4 Sb
sites are mixed with As [(Sb,As)14, (Sb,As)16, (Sb,As)17,
and (Sb,As)18], and 10 Sb sites are split (Sb7, Me8, Mel2,
M15, and Sb20-Sb25). Cu sites, Cul and Cu2, are both split
as well (Table 3), and their CD and BVS suggest that Ag
is not present at these sites. There are no As-dominant sites
present in the structure. Although the (Sb,As)17 site contains
a significant amount of As (Sbg 57As0.43), arsenic is not fea-
tured in the ideal formula of launayite.

Final refinement led to R; =0.0946 for 11471
unique reflections. The resulting structural for-
mula obtained from SCXRD study for the

asymmetric unit, CuyPbsg 330Sb23.024AS2.689S60,
Z =4, is close to the EMPA empirical formula,
Cu2.078A€0.059 T10.057Pb20.404Sb22.830A82.772859.80- The
validation of refinement process is given in the Supplement
as S2_checkcif_launayite.pdf file.

A comparison between the experimental X-ray powder
diffraction data (Jambor, 1967b) and the calculated pattern
using VESTA 3 (Momma and Izumi, 2011), based on the
launayite crystal structure in Debye—Scherrer geometry with
Cu Ko radiation (A = 1.540598 A), is presented in Table 5
and shows a good agreement.

4 Parent structure
The launayite crystal under investigation is built from dis-

tinct modulated domains which can be derived from a com-
mon simplified parent structure with C2/m symmetry and

https://doi.org/10.5194/ejm-37-971-2025
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Table 2. Single-crystal X-ray diffraction: experimental and refinement details for launayite.

Crystal data

Crystal size (mm)

Crystal system, space group
a(A)

b (A)

c(A)

B

Vv (A%)

0.01 x 0.043 x 0.09 mm
Monoclinic, P2/a (#13)
42.6466(14)

8.0381(2)

34.3957(10)

64.684(2)

10658.4(6)

Data collection and refinement

Radiation, wavelength (/3\)
Temperature (K)

26max (°)

Measured reflections
Reflections with F, > 40 (F,)
Rint

Rs

Range of h, k, [

Ry [Fp > 40 (Fp)]

R (all data)

wR (on F, 02)

Goof

No. of least-squares parameters
Restraints

Maximum and

minimum residual peaks (e/13f3)

MoKa, A = 0.71073
300

64.934

34264

11473

0.1442

0.1534

—42 <h <63,
—11<k<8,

—45 <] <51

0.0946

0.2336

0.3596

0.972

1061

4

491 (at 0.61 A from Sb24)
—6.03 (at 0.73 A from Pb4)

Empirical formula
Structural formula

Cu2,078A20.059T10.057Pb20.404Sb22.830A82.772559.80

CuyPby 3305b22.983A32.687560

975

z 4
P 5782

b~4A (4A being the approximate edge length of an MSq
octahedron in sulfosalt structures). The model of this simpli-
fied structure was generated by halving the b axis, increas-
ing the symmetry, merging duplicate atoms, removing minor
positions, and moving the atoms onto the reflection planes
at y =0 and y = 1/2, respectively. Henceforth basis vectors
and Akl indices will be given with respect to this parent struc-
ture.

The parent structure of launayite is closely related to the
b~4A parent structure of rouxelite (Orlandi et al., 2005;
Topa et al., 2025), with isomorphic C2/m symmetry. The
cell parameters of the parent structures are compiled in Ta-
ble 6.

A boxwork description of rouxelite was first given by Or-
landi et al. (2005), then by Makovicky and Topa (2009), and
was later improved by Topa et al. (2025). In such a descrip-
tion (Fig. 4), both structures are defined by wall-like modules
(the C layers, green in Fig. 4) parallel to (001) and limiting
portions of alternating rod-like modules: PbS-based A mod-

https://doi.org/10.5194/ejm-37-971-2025

ules (grey in Fig. 4) and SnS-based B modules (red in Fig. 4).
For an introduction to PbS-like and SnS-like modules, see
e.g. Makovicky (1993). From a structural point of view, ex-
tending in the [010] direction, the A and B rods in the par-
ent structures of launayite and rouxelite can be regarded as
isotypic. They possess pp12/m1 and pp121/ml rod group
symmetry (the subscript “b” in the Bravais symbol indicates
the direction with translational symmetry), respectively, and
together form A/B layers extending in the (001) plane with
c12/m1 layer group symmetry. The C-centring of the C2/m
space group corresponds to a translation by 1/2a+1/2b. For
the A rod, which is located on a 2 -screw rotation axis, trans-
lation by 1/2b is equivalent to a 2-fold rotation about [010].
In contrast, the B rods are symmetric by 2-fold pure rotation,
which means that their origin may be located on either y = 0
or y = 0.5. The C-centring exchanges the origin as indicated
by different shades of red in Fig. 4.

Even though the C walls likewise feature c12/m1 layer
group symmetry in launayite and rouxelite, they are struc-

Eur. J. Mineral., 37, 971-994, 2025
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Table 3. Site populations, occupancies, fractional coordinates, thermal parameters, coordination (CN), charge distribution (CD) values, and
bond valence sums (BVSs) for launayite.

Site S.0. x/a y/b z/c Ueq  Ref* CD BVS CN
Pbl Pb; oo 0.37568(3) 0.12941(17) 0.58386(4) 0.0300(3) 2 1935 2.039 7
Pb2 Pbi 0o 0.37637(3) 0.62162(17) 0.58238(4) 0.0305(3) 2 1924 1984 7
Pb3 Pbi 0o 0.39472(3) 0.12499(17) 0.44676(4) 0.0318(3) 2 2.020 1.967 8
Pb4 Pb; oo 0.34539(3) 0.12673(17) 0.71801(4) 0.0306(3) 2 1977 1.837 8
Pb5 Pbi 0o 0.39460(3) —0.37771(17) 0.44699(4) 0.0329(3) 2 1987 1924 7
Pb6 Pb; 0o 0.34052(4) 0.62710(18) 0.84985(5) 0.0342(3) 2 1.893 1.756 7
Pb7 Pb; oo 0.34611(3) 0.62614(17) 0.71837(4) 0.0312(3) 2 1982 1.861 8
Pb8 Pbi 0o 0.34165(4) 0.12797(18) 0.84930(5) 0.0355(3) 2 1909 1.711 7
Pb9o Pb; oo 0.41754(3) —0.37873(17) 0.30546(4) 0.0324(3) 2 1979 1.966 8
Pb10 Pb; oo 0.24272(3) 0.12653(17) 0.83563(5) 0.0340(3) 2 1.893 1910 8
Pbl1l Pbi 0o 0.41550(3) 0.11987(17) 0.30297(4) 0.0330(3) 2 1933 1.899 8
Pb12 Pb; oo 0.24258(3) 0.62695(17) 0.83514(5) 0.0339(3) 2 1.893 1.908 8
Pbl13 Pb;.oo 0.27654(3) —0.13095(19) 0.61298(5) 0.0362(3) 2 1.851 1.890 5
Pbl14 Pbi 0o 0.48714(3) 0.37299(18) 0.80810(5) 0.0364(3) 2 2045 1.847 8
Mel5a Pbg 923(8) 0.18013(5) 0.3630(2) 0.71786(6) 0.0379(6) 1.846 1.840 1.715 6
Mel5b AsS0.077(8) 0.1701(16) 0.352(8) 0.705(2) 0.0379(6) 0.231 0.210 0.165 3
Melb6a Pbg.935(7) 0.56321(4) 0.1264(2) 0.05003(6) 0.0385(6) 1.870 1.994 1.773 7
Mel6b AS0.065(7) 0.5792(17) 0.134(6) 0.0327(10) 0.0385(6) 0.195 0.218 0.095 4
Mel7a Pby.868(10) 0.53754(5) 0.3777(3) 0.94453(8) 0.0348(7) 1.736  1.790 1.785 7
Mel7b AS0.132(10) 0.5266(11) 0.378(6) 0.9615(15) 0.0348(7) 0396 0.406 0.232 5
Mel8a Pby 748(10) 0.63804(7) 0.3723(5)  0.93096(10) 0.0348(7) 1.496 1.563 1.785 7
Mel18b As0.252(10) 0.6277(7) 0.374(5) 0.9316(10) 0.0348(7) 0.756  0.822  0.408 5
Mel9a Pby.750(10) 0.63765(7) 0.8759(4) 0.93101(8) 0.0344(7) 1.500 1.602 1.826 7
Me19b As0.250(10) 0.6257(6) 0.868(3) 0.9305(8) 0.0344(7) 0.750 0.837 0.451 5
Me20a Pbg.757(10) 0.53665(7) 0.8728(4) 0.94699(9) 0.0363(8) 1.514 1.544 1.740 7
Me20b AS0.243(10) 0.0269(7) 0.128(4) 0.9607(9) 0.0363(8) 0.729 0.741 0.433 5
Me2la Pbg 704(10) 0.56548(9) 0.6223(7) 0.04893(10) 0.0462(10) 1.408 1.482 1.609 7
Me21b AS0.296(10) 0.5742(8) 0.621(5) 0.0358(9) 0.0462(10) 0.888 0.931 0.518 5
Sbl Sbi.00 0.48862(5) 0.8731(3) 0.82331(7) 0.0265(5) 3 2892 3113 6
Sb2 Sbi .00 0.48101(5) 0.3773(3) 0.35041(7) 0.0280(5) 32990 3.252 6
Sb3 Sbi.00 0.46164(5) —0.1242(3) 0.48187(8) 0.0288(5) 3 3.133  3.000 6
Sb4 Sbi.00 0.42635(5) 0.8664(3) 0.74428(7) 0.0260(5) 3 3126 3.116 6
Sb5 Sbi .00 0.42801(6) —0.6294(3) 0.18879(8) 0.0316(5) 3 2.865 3.206 6
Sb6 Sbi.00 0.47916(6) —0.1140(3) 0.35543(8) 0.0304(5) 3 3.019 2763 6
Sb7a Sbo.91(2) 0.2541(2) 0.8751(5) 0.72304(18) 0.0264(9) 2.730 2.792 2.767 6
Sb7b Sbo.09(2) 0.2661(16) 0.878(6) 0.7123(17) 0.0264(9) 0.270 0.292 0.271 5
Me8a — Me8a’ Sby 593(3)Pbo.255(3) 0.57868(6) 0.1553(3) 0.80686(9) 0.0358(7) 2289 2.343  2.467 6
Me8b AS0.152(3) 0.0778(7) 0.932(4) 0.8057(10) 0.0358(7) 0.456 0.453 0.272 6
(Sb,Pb)9 Sb0.814(12)Pb(),186(12) 0.27714(5) 0.3723(3) 0.60251(8) 0.0415(8) 2.814 2.513 2.748 5
Sb10 Sbi.00 0.44354(5) 0.3635(3) 0.61677(8) 0.0305(5) 3 3,105 2.796 6
Sbl1 Sb1.00 0.45934(5) 0.3819(3) 0.49401(8) 0.0317(5) 3 3120 2.901 6
Mel2a Sbo.958(4) 0.16702(7) 0.8733(3) 0.71314(8) 0.0288(6) 2.874 2.773  3.081 5
Mel2b Pbg.042(4) 0.1794(9) 0.905(4) 0.7234(11) 0.0288(6) 0.084 0.083 0.078 6
Sb13 Sb1.00 0.16622(6) —0.1228(3) 0.81374(8) 0.0362(6) 3 2865 2449 5
(Sb,As)14 Sbo.80(2)A%0.20(2) 0.42516(6) 0.3742(3) 0.74611(8) 0.0284(7) 3 3.118 3.380 6
Mil5a Sbg 70(2) 0.2698(2) 0.3731(10) 0.7059(2) 0.0230(12) 2.100 2439 2.730 5
M15b As0.3002) 0.2629(6) 0.388(4) 0.7162(7)  0.0230(12) 0.900 0.985 0.593 5
(Sb,As)16 Sb 0.71(2)As0.29(2) 0.43803(6) 0.8742(3) 0.62693(9) 0.0313(8) 3 3.022 3.152 6
(Sb,As)17 Sb 57(2)As0.43(2) 0.15477(7) 0.3767(3) 0.82656(9) 0.0303(8) 3 3165 3.213 5
(Sb,Pb)18 Sbo g38(14)Pbo.162(14)  0.19123(7) 0.1338(4) 0.60575(9) 0.0649(12) 2.834 2.714 2.644 6
Sb19 Sbi .00 0.30792(7) —0.3869(5) 0.39243(9) 0.0633(10) 3 2774 2823 5
Sb20a Sb 69(3) 0.2460(2) 0.3636(19) 0.9422(3) 0.039(2) 2.070 2.061 2.098 5
Sb20b Sbo 31(3) 0.2513(6) 0.416(3) 0.9408(7) 0.039(2) 0930 0.907 0.977 5
Sb21a Sbo.734(18) 0.16437(9) 0.8938(12) 0.04059(16) 0.0413(16) 2.202 2.254 2.210 5
Sb21b Sbg 266(18) 0.1601(4) 0.830(3) 0.0389(5) 0.0413(16) 0.798 0.805 0.740 4
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Table 3. Continued.

Site 5.0. x/a y/b z/c Uq Ref* CD BVS CN
Sb22a Sbo.326(17) 0.2516(4) 0.831(2) 0.9415(5) 0.0376(16) 0.978 0964 1.017 5
Sb22b Sbo.674(17) 0.2472(2)  0.8948(12) 0.94234(18) 0.0376(16) 2.022 2.029 1942 5
Sb23a Sbo.628(12) 0.3360(2)  0.3990(10) 0.96313(19) 0.0387(15) 1.884 1.967 1717 5
Sb23b Sbo.372(12) 0.3402(3)  0.3328(18) 0.9630(4) 0.0387(15) 1.116 1.196 1.136 5
Sb24a Sb0.575(3) 0.28567(9) 0.6589(6) 0.49800(14)  0.0237(9) 1.725 1467 1019 4
Sb24b Sbo.32503) 0.2993(2)  0.6098(13) 0.4966(3)  0.0237(9) 0975 1030 1171 5
Sb24c Sbo.100(3) 0.2913(7) 0.585(5)  0.5024(11)  0.0237(9) 0.300 0.324 0285 4
Sb25a $b0.958(6) 0.21019(9) 0.0955(8)  0.50073(12) 0.0793(15) 2.874 2.690 2337 5
Sb25b Sb0.042(6) 0.2078(15) 0.191(8)  0.4989(15) 0.0793(15) 0.249 0289 0258 4
hline Cula  Cug 827(15) 0.4073(2) 0.6272(8) 0.8666(3) 0.0458(19) 0.827 0.804 0770 4
Culb Cuo.173(15) 0.4050(8) 0.643(4)  0.8926(14) 0.0458(19) 0.173  0.170 0.169 4
Cu2a Cug 80(2) 0.4099(2)  0.1289(11) 0.8667(4) 0.0452) 0.800 0.798 0713 4
Cu2b Cug.2002) 0.4065(8) 0.124(5)  0.8882(15) 0.0452) 0200 0.196 0.178 4
S1 S1.00 0.38024(19)  0.3789(10) 0.6437(3)  0.0246(16)
S2 S1.00 0.28878(18)  0.3763(10) 0.7623(2)  0.0224(15)
S3 S1.00 0.18637(18)  —0.1223(10) 0.8699(2)  0.0240(15)
S4 S1.00 0.28447(19)  0.3781(10) 0.8652(2)  0.0234(15)
S5 S1.00 0.25874(19)  —0.6277(11) 0.4398(2)  0.0257(16)
S6 S1.00 0.28482(19)  0.8767(10) 0.8649(3)  0.0259(16)
S7 S1.00 0.39801(19)  —0.1231(10) 0.5117(3)  0.0267(16)
S8 S1.00 0.28877(19)  —0.1220(9) 0.7633(2)  0.0208(14)
S9 S1.00 0.21178(19)  0.6477(10) 0.7702(3)  0.0244(17)
S10 S1.00 0.37712)  —0.1241(11) 0.6428(2)  0.0259(16)
S11 S1.00 0.24235(19)  0.8754(11) 0.5602(3)  0.0281(17)
S12 S1.00 0.30369(19)  0.1416(11) 0.6675(3)  0.0301(19)
S13 S1.00 0.3979(2)  0.3716(10) 0.5099(3)  0.0237(15)
S14 S1.00 0.18711(18)  0.3770(10) 0.8685(3)  0.0270(17)
S15 S1.00 0.3628(2)  0.3779(11) 0.7747(3)  0.0290(17)
S16 S1.00 0.4168(2) —0.1277(10) 0.3762(3)  0.0274(17)
S17 S1.00 0.6181(2)  0.3945(12) 0.8638(3) 0.033(2)
S18 S1.00 0.53306(19)  0.8689(10) 0.8526(2)  0.0234(15)
S19 S1.00 0.3746(2)  0.1083(11) 0.2504(3)  0.0301(19)
S20 S1.00 0.21201(19)  0.1039(10) 0.7697(3)  0.0246(17)
S21 S1.00 0.2207(2)  0.1186(10) 0.6556(3)  0.0259(16)
S22 S1.00 0.48844(19)  0.1319(11) 0.3026(3)  0.0293(17)
S23 S1.00 0.45944(19)  0.6356(11) 0.8720(2)  0.0268(17)
S24 S1.00 0.4626(2)  0.1133(10) 0.87193)  0.0263(17)
S25 S1.00 022112)  -0.3823(10) 0.6548(3)  0.0244(16)
S26 S1.00 0.37667(19)  0.3772(11) 0.8867(3)  0.0273(17)
S27 S1.00 0.4181(2)  0.3762(11) 0.3788(3)  0.0317(18)
S28 S1.00 0.3161(2)  0.6085(10) 0.5537(3)  0.0268(17)
$29 S1.00 0.3762(2)  -0.3581(10) 0.2487(3)  0.0268(17)
S30 S1.00 02112(2)  0.1298(11) 0.9351(3)  0.0310(18)
S31 S1.00 0.5345(2)  0.3919(10) 0.8507(3)  0.0287(18)
S32 S1.00 0.36328(18)  —0.1242(10) 0.7751(3)  0.0281(17)
S33 S1.00 0.6168(2)  0.3829(11) 0.0262(3)  0.0333(19)
S34 S1.00 0.45207(18)  —0.6285(12) 0.2416(2)  0.0290(18)
S35 S1.00 0.35013(19)  —0.6251(11) 0.3406(3)  0.0289(17)
S36 S1.00 0.4882(2) —0.3887(12) 0.2988(3) 0.037(2)
S37 S1.00 0.3037(2)  0.6085(11) 0.6673(3) 0.032(2)
S38 S1.00 0.37712)  0.8797(10) 0.8844(3)  0.0283(17)
S39 S1.00 0.3500(2) —0.1313(12) 0.3458(3)  0.0303(18)
S40 S1.00 0.3161(2)  0.1320(11) 0.5540(3)  0.0285(17)
S41 S1.00 02118(2)  0.6256(12) 0.9352(3) 0.035(2)
S42 S1.00 0.43002)  0.6125(12) 0.7889(3) 0.039(2)
S43 S1.00 0.4516(2)  0.6031(12) 0.5509(3) 0.037(2)
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Table 3. Continued.

Site  s.o. x/a y/b z/c Ueq Ref* CD BVS CN
S44 Sy 0.4498(2) 0.1457(11)  0.5576(3) 0.033(2)
S45  Syg9 0.4526(2) —0.1290(11) 0.2402(2) 0.0294(18)
S46  S1gp 0.6181(2) 0.8565(11)  0.8635(3) 0.033(2)
S47  S100 0.4340(2) 0.1065(11)  0.6744(3) 0.035(2)
S48 Sy 0.4310(2) 0.6551(12)  0.6808(3) 0.040(2)
S49  S1g90 0.5137(2) 0.3717(13)  0.0347(3) 0.041(2)
S50 Sy 0.4868(2) 0.1210(12)  0.9648(3) 0.036(2)
S51  Syg0 0.3004(2) 0.6327(14)  0.9482(3) 0.044(3)
S52  Sigo0 0.5850(2) 0.6246(11)  0.9626(3)  0.0339(19)
S53 Sy 0.4684(2) —0.3629(10) 0.4322(3) 0.0328(19)
S54  Sig9 0.6178(2) 0.8658(11)  0.0265(3) 0.0322(19)
S55 Sig0 0.5868(2) 0.1222(12)  0.9565(3) 0.038(2)
S56  S1g0 0.3001(2) 0.1223(14)  0.9489(3) 0.044(3)
S57  Syo0 0.4687(2) 0.1056(12)  0.4243(3) 0.040(2)
S58  S100 0.3347(2) 0.3776(16)  0.4556(3) 0.054(3)
S59  S1g0 0.431003) 0.1487(14)  0.7902(3) 0.048(3)
S60  Syg9 0.3336(2) 0.8692(18)  0.4622(3) 0.066(4)

* Ref is the charge of the site obtained from refinement, whereas CD and BVS represent charge distribution and bond valence sum
values, respectively, calculated for the cation sites with the program ECoN21 (Ilinca, 2022).

Figure 3. Atom labelling in the asymmetric unit of launayite
(viewed approximately along the b axis). White: S sites; blue: fully
occupied and dominant Pb sites; red: fully occupied and dominant
Sb sites; light blue: partially occupied As sites; green: Cu sites.

turally fundamentally different. Notably, in rouxelite, they
are formed by three cation—anion planes, whereas in lau-

Eur. J. Mineral., 37, 971-994, 2025

nayite they are only two planes wide. Thus, launayite may
be regarded as an inferior (N = 2) homologue of rouxelite
(N = 3). This is reflected by the C-layer-to-C-layer distance,
which is derived from csin(8), being distinctly smaller in
launayite (ca. 31 10%) than in rouxelite (ca. 34 A). Accordingly,
the cell volume is reduced by ca. 9 % (see Table 6). More-
over, the rouxelite C walls possess octahedrally coordinated
Hg atoms (with minor Ag substitution) at the 2/m positions
and characteristic rods of p,121/ml symmetry, where the
lone pairs of one-sidedly uncoordinated S atoms point to-
wards the 2; axis. The precise nature of these rods is not yet
established, as they might contain minor amounts of O and/or
feature S vacancies (for details see Topa et al., 2025). Both
features are missing in launayite. In both cases, out-of-phase
protuberances add short fourth and third cation—anion layers,
respectively.

For deeper insights into the difference between the C
walls, it is useful to adopt a rod-based perspective. In roux-
elite, the C walls have been decomposed into PbS-based C
rods by Topa et al. (2025), as shown in Fig. 4 (right). To
avoid confusion between the C wall and C rods, the mean-
ing will henceforth always be specified. Moreover, we will
indicate the archetype in the subscript and designate them as
Cpps rods. The Cppg rods are located on general positions of
the parent structure and can be seen as two double layers re-
lated by a 2;-screw rotation resulting in pp121/m1 pseudo-
symmetry. Adjacent Cppg rods in rouxelite are connected by
the Hg (+ minor Ag) and S rods with an additional Pb posi-
tion (see uncoloured background in Fig. 4, right) described
above. Cpps rods connected by Hg are at the same position
with respect to [010], and those connected by the S rods are
translated by 1/2b.
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Table 4. Selected interatomic distances in the crystal structure of launayite.

979

Pbl- Pb2- Pb3- Pb4- Pb5- Pb6-
S10 2.894(8) S43 2.919(8) S57 2.91409) SI12 2.974(8) S27 2.900(8) S6 2.981(8)
S44 2.897(8) S10 2.925(8) S27 2.923(9) S2 3.004(8) S53 2.969(9) S4 2.987(8)
S1 2.939(8) S1 2.929(8) S13 2.985(8) S8 3.006(7) S16 2.982(9) S51 3.068(9)
S13 3.017(8) S7 3.008(8) Sl16 2.991(8) SI10 3.098(8) S13 3.003(8) S32 3.068(9)
S7 3.026(8) S13 3.022(8) S7 3.043(8) S1 3.099(8) S7 3.074(9) S15 3.082(8)
S40 3.123(8) S28 3.124(8) S58 3.175(8) S15 3.109(8) S60 3.137(9) S38 3.090(8)
S12 3.189(8) S37 3.222(8) S60 3.178(8) S32 3.129(9) S58 3.139(9) S26 3.113(8)
S40 3.778(8) S47 3.422(9)

Pb7- Pb8- Pbo- Pb10- Pbll- Pb12-
S37 3.017(8) S6 3.022(8) S34 2.873(9) Sl14 2.943(8) S34 2.857(9) S14 2.937(8)
S2 3.022(8) S4 3.024(8) S45 2.903(8) S3 2.957(8) S45 2.871(8) S3 2.964(8)
S8 3.039(7) S38 3.047(8) S36 2.924(8) S20 3.071(8) S19 3.003(8) S9 3.042(8)
S15 3.069(8) S32 3.075(9) S29 3.145(8) S30 3.095(9) S22 3.107(8) S41 3.11509)
S1 3.077(8) S15 3.075(9) Sl16 3.151(8) S6 3.133(9) Sl16 3.229(8) S4 3.137(9)
S32 3.097(8) S26 3.090(8) S27 3.209(8) S4 3.137(9) S39 3.245(8) S6 3.146(9)
S10 3.098(8) S56 3.112(9) S35 3.267(8) S8 3.140(9) S35 3.250(8) S8 3.147(9)
S48 3.291(8) S39 3.280(8) S20 3.165(9) S27 3.363(8) S2 3.162(9)
Pb13- Pbl14- Mel5a- Mel5b- Mel6a- Mel6b-
S11 2.773(8) S24 2.882(8) S35 2.817(8) S35 2.11(8) S33 2.923(9) S55 2.50(2)
S28 2.907(8) S23 2.9099) S21 2.876(8) S19 2.71(6) S55 2.931(9) S33 2.51(2)
S40 2.916(9) S31 2.964(9) S19 2.942(8) S21 2.82(6) S54 2.975(9) S54 2.66(8)
S25 2.972(8) S45 3.093(8) S25 2.951(8) S25 3.00(7) S49 3.093(10) S49 3.36(8)
S21 2.976(8) S34 3.174(8) S29 3.124(8) S29 3.02(7) S23 3.0949) S50 3.46(8)
S37 3.329(8) S59 3.259(8) S20 3.383(8) S24 3.099(8)

S36 3.367(8) S50 3.11209)

S42 3.385(8)
Mel7a- Mel7b- Mel8a- Mel8b- Mel9a- Mel9b-
S49 2.821(9) S49 2.34(5) S17 2.787(9) S17 2.54(3) S55 2.785(9) S46 2.46(3)
S49 2.830(10) S49 2.61(4) S55 2.819(10) S55 2.57(3) S46 2.787(9) S55 2.53(3)
S50 2.852(10) S50 2.65(4) S52 2.883(9) S52 2.62(3) S52 2.866(9) S52 2.54(3)
S52 3.081(10) S52 3.194) S3 2.999(9) S33 3.083) S3 2.987(8) S54 3.18(3)
S55 3.089(9) S55 3.23(4) S33 3.0049) S3 3.23(3) S54 3.021(9) S14 3.24(3)
S31 3.287(9) S14 3.035(9) S14 3.054(8)
S17 3.373(9) S41 3.210(9) S30 3.199(8)
Me20a- Me20b- Me2la- Me21b- Sbl- Sb2-
S50 2.760(9) S50 2.37(3) S52 2.721(10)  S52 2.36(3) S24 2.483(8) S27 2.432(8)
S49 2.777(11)  S49 2.58(3) S33 2.764(10) S33 2.56(4) S23 2.4949) S22 2.50009)
S50 2.785(9) S50 2.60(3) S54 2.817(10) S54 2.63(4) S18 2.497(8) S36 2.514(10)
S55 3.049(10) S55 3.20(3) S49 3.180(10)  S49 3.28(4) S34 3.232(8) S57 3.221(10)
S52 3.075(9) S52 3.21(3) S23 3.217(10) S50 3.33(4) S45 3.255(8) S53 3.358(10)
S18 3.318(9) S50 3.218(10) S42 3.819(8) S48 3.443(10)
S46 3.43509) S24 3.253(10)
Sb3- Sb4- Sbs- Sbé6- Sb7a- Sb7b-
S7 2.456(8) S32 2.435(7) S34 2.440(8) Sl16 2.445(8) S8 2.418(8) S8 2.34(4)
S53 2.503(8) S42 2.598(10) S31 2.487(8) S22 2.5999) S9 2.592(10) S12 2.71(6)
S57 2.630(10) S48 2.705(11) S18 2.543(8) S57 2.831(10) S20 2.594(10) S37 2.74(6)
S43 3.124(10)  S59 2.819(11) S29 3.160(11) S36 2.859(10) S12 3.038(10) S20 2.94(6)
S44 3.260(10)  S47 2.989(11) S19 3.162(11) S53 3.186(11) S17 3.049(10) S9 2.97(6)
S44 3.428(10) S22 3.287(11) S46 3.668(11) S47 3.394(11) S17 3.754(10)
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Table 4. Continued.

Me8a-MeS8a’- Me8b- (Sb,Pb)9- Sb10- Sbll1- Mel2a-
Me8b 0.70(3) S45 2.48(3) S5 2.522(8) SlI 2.454(7) S13 2.438(8) S39 2.428(8)
S45 2.508(9) S18 2.49(3) S28 2.607(9) S44 2.611(9) S43 2.559(9) S19 2.527(9)
S29 2.620(9) S19 2.55(3) S40 2.627(9) S47 2.770(10)  S44 2.791(9) S29 2.552(8)
S31 2.648(9) S29 3.103) S25 3.024(9) S43 2.880(10) S53 2.857(10)  S21 3.029(9)
S18 2.988(9) S31 3.19(3) S21 3.086(9) S48 3.103(10)  S57 3.167(10) S25 3.102(9)
S19 2.997(9) S46 3.58(3) S53 3.392(10) S43 3.437(10)
S17 3.629(9)
Mel2b- Sb13- (Sb,As)14- Mil5a- M15b- (Sb,As)16-
S19 2.66(4) S3 2.427(8) S15 2.409(8) S12 2.381(11) S2 2.29(3) S10 2.415(8)
S21 2.83(4) S20 2.628(8) S59 2.442(11) S2 2.402(9) S37 2.55(3) S47 2.438(10)
S20 2.984) S9 2.631(8) S42 2.477(10)  S37 2.407(11) S12 2.69(3) S48 2.481(10)
S29 3.014) S46 2.953(8) S48 3.120(11)  S20 3.306(11) S9 3.02(3) S44 3.113(10)
S39 3.16(4) S17 2.990(8) S47 3.173(11)  S9 3.347(11)  S20 3.15(3) S43 3.258(10)
S25 3.23(4) S36 3.338(11) S57 3.600(10)
(Sb,As)17- (Sb,As)18- Sb19- Sb20a- Sb20b- Sb2la-
S14 2.384(8) S21 2.522(8) S25 2427(08) S4 2.450(11) S4 2.39(2) Sb2lb  0.560(17)
S17 2.399(9) S35 2.737(9) S35 2.709(9) S30 2.471(18) S41 2.44(3) S38 2.428(10)
S46 2.423(9) S5 2.798(8) S39 2.749(9) S41 2.630(14) S51 2.82(3) S56 2.501(14)
S9 3.223(10)  S39 2.812(9) S5 2.806(9) S56 3.109(14) S30 2.92(3) S51 2.704(12)
S20 3.240(10) S11 2.933(9) Sl11 2.955(9) S51 3.231(14) S56 3.24(3) S54 2.956(12)
S58 3.390(9) S33 3.188(12)
Sb21b- Sb22a- Sb22b- Sb23a- Sb23b- Sb24a-
S38 2.46(2) Sb22b  0.545(14) S6 2.457(10)  Sb23b  0.562(11) S26 2.437(11) Sb24b 0.66(1)
S51 2.49(2) S6 2.428(16) S30 2.516(12) S26 2.459(10) S54 2.538(12) Sb24c 0.71(3)
S33 2.68(2) S41 2.44(2) S41 2.709(13) S51 2.602(13) S56 2.593(12) S60 2.540(13)
S56 3.03(2) S51 2.704(17) S56 2.988(14) S33 2.809(12) S33 3.051(12) S28 2.760(9)
S54 3.18(2) S30 3.017(17)  S51 3.160(15) S56 2.858(13) S51 3.116(12) Sl11 2.772(10)
S56 3.208(17) S54 3.025(13) S58 2.992(10)
Sb24b- Sb24c- Sb25a- Sb25b-
S28 2.363(13)  S28 2.40(3) Sb25b 0.78(7) S40 2.36(7)
S58 2.459(16)  S58 2.46(4) S60 2.528(13)  S58 2.48(5)
S60 2.507(17) S5 2.79(3) S11 2.585(10) S60 2.68(5)
S5 3.175(17)  S60 2.88(3) S40 2.826(10) S5 3.09(5)
S11 3.256(17) S58 2.932(10) S11 3.20(5)
S5 3.149(10)
Cula- Culb- Cu2a- Cu2b-
Culb 0.87(4) S23 2.12(3) Cu2b 0.69(4) S24 2.21(3)
S23 2.312(10)  S38 2.33(4) S24 2.331(11)  S38 2.36(4)
S26 2.334(10) S26 2.51(3) S38 2.370(12) S26 2.42(4)
S38 2.340(11) S33 2.54(5) S26 2.374(12) S54 2.66(5)
S42 2.426(13) S59 2.397(16)

Launayite features rods which in projection along [010]
look practically identical to the Cppgs rods in rouxelite (Fig. 4,
left). However, here the double layers are related by 2-fold
pure rotation, making these rods of the SnS kind (pp12/m1
symmetry, as opposed to in p;127/m1 in rouxelite). Hence,

Eur. J. Mineral., 37, 971-994, 2025

these rods will be designated as Cgps rods. While in the par-
ent structure of rouxelite, the Cppg rods are located on a gen-
eral position, the Csys rods in the parent structure of lau-
nayite are located on 2/m. Moreover, launayite features D
rods with pp12;/m1 symmetry, which alternate with the C

https://doi.org/10.5194/ejm-37-971-2025
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Table 5. Comparison of experimental X-ray powder diffraction data (Jambor, 1967b) with calculated values from the launayite crystal
structure (this study). Relative intensities are scaled to I;;4x = 100. Diffraction maxima with intensities > 20 are highlighted in bold.

Jambor ‘ This study ‘ Jambor ‘ This study ‘ Jambor ‘ This study
1 dmeas (A) ‘ Irel  deale (A) hkl ‘ I dmeas (A) ‘ Irel  dcale (A) hkl ‘ I dmeas (A) ‘ Irel  deale (A) hkl
16 19.28 200 31 3.433 125 7 2.7348 807
8 10.57 401 60 340 | 100 3.393 10.0.9 11 27173 14.0.10
14.8 10.16 202 17 3.351 722 56 2.6980 526
7 9.64 400 8 3.348 723 6 2.6815 11.2.7
<5 8.50 7 8.60 204 20 3.34 35 3.345 12.0.1 20 2.652 5 2.6499 929
<5 7.84 6 7.84 203 10 3.31 45 3.316 721 9 2.6435 12.0.12
6 7.11 602 10 3.299 2.0.10 20 2.640 15 2.6414 11.2.0
<5 6.88 13 6.90 601 7 3.297 125 | <5 2,610 | 11 2.6263 923
6 6.69 405 | <5 3.23 7 3.246 720 | <5 2.538 9 2.5394 13.2.4
6 6.43 600 5 3.17 | 25 3.173 209 11 25106 924
5 4.25 10 425 10.04 7 3.172  10.0.10 10 2.495 9 2.4893 13.2.7
6 422 608 7 3.148 721 5 2.438 11 24377 11.2.10
17 4.18 10.0.2 16 3.129 726 6 23430 11.2.11
80 4.17 28 4.17 208 6 3.109 0.0.10 6 2.3319 7.2.12
20 4.04 29 4.04 10.0.1 10 3.10 14 3.106 327 7 2.3218 12.0.6
7 3.997 120 11 3.099 126 20 2319 | 26 2.3209 15.2.5
30 3.97 32 3.973 207 6 3.094 527 7 2.2911 15.2.3
23 3.965 808 10 3.093 325 13 2.2867 3.2.12
20 3.87 20 3.918 406 16 3.053 924 20 2.280 | 29 2.2811 926
17 3.887 008 26 3.029 722 11 22777 6.0.15
24 3.867 321 10 3.021 524 22468 11.2.12
11 3.855 10.0.0 20 3.01 15 3.013 925 7 22318 15.2.9
3.831 122 9 3.007 727 6 2.2303 728
9 3.811 409 8 2.9985 14.0.3 5 2228 | 20 2.2196 1.2.12
8 3.793 8.0.3 6 2.9831 1004 | <5 2222 10 2.1952 12.0.7
32 3.786 123 5 2.96 27 2.9622 10.0.11 5 2.187 9 2.1836 15.2.10
30 3.76 36 3.757 323 9 2.9473 926 6 2.1716 927
7 3.749 327 26 2.9356 14.0.2 8 2.1569 3.2.13
10 3.640 10.0.1 17 29311 528 18 2.1511  11.2.13
20 3.63 5 3.634 522 80 2.92 78 2.9230 328 10 2.148 19 2.1294 6.0.16
6 3.623 521 48 2.9105 326 20 2.126 8 2.1263 20.0.8
28 3.621 124 12 2.9079 127 10 2.095 23 2.0959 11.2.6
8 3.618 322 <5 2.874 35 2.8733 728 7 2.0937 1.2.13
7 3.596 523 50 2.836 89 2.8413 921 10 2.081 9 2.0807 17.2.9
5 3.56 32 3.564 520 23 2.7964 12.0.11 10 2.0780 12.0.8
6 3.553 12.04 20 2.787 23 2.7898 11.2.4 6 2.0600 20.0.3
16 3.513 524 15 2.7833 11.2.3 10 2.048 | 25 2.0476 17.2.10
<5 3.50 34 3.504 407 32 2.7691 529 7 2.0381 3.2.14
6 3476 12.0.6 50 2.752 54 2.7548 11.2.2 70 2.010 | 89 2.0095 040
69 3.455 009 18 2.7473 329 6 2.0076  17.2.11
100 345 90 3452 12.0.2 51 2.7355 327

The theoretical pattern was calculated using VESTA 3 (Momma and Izumi, 2011) in Debye—Scherrer configuration employing Cu Ka radiation (1 = 1.540598 A), fixed slit,
and no anomalous dispersion. Unit cell parameters, space group, atom positions, site occupancy factors, and equivalent displacement factors from the crystal-structure

determination were used.

rods (blue background in Fig. 4, left). Since the D rods are
only two atom sheets wide, they cannot be said to be of the
PbS or SnS archetype (Makovicky and Topa, 2009). Observe
that the combination of the symmetries of the Cgpg rods and
D rods in launayite (and of the Cppg rods, Hg (4 minor Ag)
rods, and S rods in rouxelite) both result in c12/m1 symme-
try of the C walls. Their structures are, however, fundamen-
tally different. These comparisons show that the rod-based
approach is superior for the structural comparisons in this
family of minerals.

https://doi.org/10.5194/ejm-37-971-2025

A consequence of the different location of the symmetry
elements of the C walls in launayite (in Cgys and D rods)
and rouxelite (between Cpps rods) is that if one A/B layer is
fixed, in the adjacent A/B layer the positions of the A and B
rods are exchanged; i.e. the adjacent A/B layer in rouxelite is
shifted by ca. 1/4a in launayite vs. rouxelite, which results
in a distinctly more acute 8 angle in launayite (see Table 5).
A further consequence of the shifted A/B layers is that the
protuberances of the C walls are located next to the 2 axes in
launayite but halfway between the 2 and 2; axes in rouxelite
(see Fig. 4).

Eur. J. Mineral., 37, 971-994, 2025
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Ya

A/B-rods Cppg-rods

g, 1317

Figure 4. The simplified C2/m parent structures of (left) launayite and (right) rouxelite viewed along the monoclinic axis [010] (b ~ 4 A).
Atom colouring: white for S sites, blue for Pb sites, red for Sb sites, green for Cu sites. The modules according to the boxwork description are
marked by coloured backgrounds: PbS-like rods (A, Cppg) are grey, SnS-like rods (B, Cgpg) are red, the two-sheet D rods are blue, and the
C walls are green. Different shades indicate an additional translation of 1/2b of the B and Cgyg/pps rods. Symmetry elements are indicated
by the standard symbols.

Table 6. Comparative data for launayite from Taylor Pit, Madoc, and rouxelite from the Monte Arsiccio mine for Z = 4.

Launayite Rouxelite

Empirical formula  Cuj 978 Ag0.059Tl0.057-Sb22.830A82.772S59.80  Cu2.001A80.505T10.49Hg0.74-

Pb20.4045b22.830A52.772559 80 Pby | 868A30.5785b26.813565.235

ch? 0.21 —0.09

Structure formula  CuyPbyg 330- CuyAgo.500Tlo.5Hgo.767-
Sb22.983A82.687560 Pb)0.892A80.3625b27.959565 38

ch —0.31 +0.54

Ideal formula CuyPbySbysSen CuyHgPb)o3 5Sbog 5565.25

ch 0 0

Crystal system Monoclinic Triclinic

Space group P2/a C-1

Cell parameters

aA) 42.6466(14) 43.1883(12)

b (A) 8.0381(2) 8.1037(2)

c(A) 34.3957(10) 38.1470(10)

a (°) 90 96.001(2)

B () 64.684(2) 116.615(2)

T (°) 90 95.372(2)

v (A3) 10658.4(6) 11721.7(6)

R1 (%) 9.46 8.55

Ref.P 1 2

@ ch charge balance values calculated as (Zcation valence — anion valence) using apfu values. b [1]: this work; [2]: Topa et al. (2025)

Eur. J. Mineral., 37, 971-994, 2025 https://doi.org/10.5194/ejm-37-971-2025
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Figure 5. Interpretation of the simplified parent structures of (left)
launayite and (right) rouxelite as a pair of merotypes with common
X layers (red) and differing Y layers (blue). Atom colours and sym-
metry elements as in Fig. 4.

At the interface between A rods, B rods, and C walls, Cu
atoms are located in tetrahedral coordination in both cases.

In summary, the simplified parent structures of launayite
and rouxelite are built of isotypic A/B layers and fundamen-
tally different C walls. Thus, they can be considered mem-
bers of a family of merotypes (Ferraris et al., 2008), a gener-
alisation of polytypes, where members of a family share only
a part of the layers and where other layers may differ.

The description above was given with respect to modules
of PbS- and SnS-like archetype structures. From a polytype-
/merotype approach, a different picture is obtained. Thereto,
we consider the features/atomic positions that both structures
have in common: foremost, the A/B layers, but also the protu-
berances of the C walls and the tetrahedrally coordinated Cu
atoms. These are combined to layers X with c12/m1 sym-
metry, as shown with a red background in Fig. 5. The re-
maining atoms are attributed to layers Y, again with c12/m1
symmetry (blue background in Fig. 5), which correspond to
the C walls without the protuberances. Here, from a symme-
try point of view, both approaches are equivalent, and hence-
forth we will stick to the crystal-chemical interpretation. In
other cases, though, both may lead to fundamentally differ-
ent descriptions, as we have shown for owyheeite (Stoger et
al., 2023).

5 Modulation

Launayite and rouxelite not only share structural features, but
their diffraction patterns likewise show similarities. While
in both cases the reflections corresponding to the C2/m
parent structure are strong and well defined (Fig. 6a, blue
squares), they possess additional superstructure reflections in
the k = n+ 1/2 planes, which indicate a doubling of the b
axis (Fig. 6b) and which can be assigned to multiple domains
in both cases.

https://doi.org/10.5194/ejm-37-971-2025

The major domain of the launayite crystal under investiga-
tion is described by a modulation wave vector ¢, = 1/2b*,
indicated by red circles in Fig. 6b, which is compatible with
monoclinic symmetry. Observe that there are twice as many
reflections of this domain in the k = n 4 1/2 planes as in the
k = n planes because the former contains first-order satel-
lites from both adjacent planes. The second-order satellites,
which would appear at places & + k odd in the kK = n planes,
are not observed (see red circles in Fig. 6a), which explains
an excessive number of unobserved reflections in the struc-
ture refinements. Thus, in contrast to what one might infer
from the 1/2b*-component of the g -vector, this structure is
a4-fold superstructure because the second-order satellites are
located at the systematic absences of the C2/m space group.

Two minor twin domains can be described as using the
pair of modulation wave vectors g, = 1/2a* + 1/2b* and
g5 = —1/2a*+1/2b*. These two domains are triclinic 2-fold
superstructures. Examples of such reflections are indicated in
Fig. 6b by black arrows.

The launayite structural data presented here are based on
the ¢; monoclinic structure. The same superstructure was
observed for rouxelite, though as a minor domain (Topa et
al., 2025). The dominant domains of rouxelite were a pair
of triclinic twin domains with modulation wave vectors g5 =
1/2a*41/2b* +1/2¢* and ¢’y = —1/2a* +1/2b* — 1/2¢*.

6 Symmetry of the superstructures

The symmetry relationships of the launayite and rouxelite
domains with their parent C2/m structures are shown in
Fig. 7. To show the common and distinct superstructure
types, the structures of launayite and rouxelite are combined
in the same family tree, even though the parent structures are
technically not isotypic (but rather merotypes). The symme-
try of the g superstructure is a klassengleiche (same point
group, different lattice) subgroup of index 4 and type P2/a
(left branch in Fig. 7). The symmetry descent can be decom-
posed into two klassengleiche steps of index 2: loss of the
C-centring from C2/m to P2/a, followed by a doubling of
the b axis. The latter can be more precisely designated as
an isomorphic group/subgroup relationship, as not only the
point group but also the affine space group type is retained
(hence the code i2 in Fig. 7).

The symmetry of the g, superstructure is a general (loss of
point and translation symmetry) subgroup of index 4. It can
be decomposed into a translationengleiche (different point
group, same lattice) descent to the space group C1, followed
by an isomorphic descent to a structure with lattice basis
(a—b, 2b, c¢) (middle branch in Fig. 7). Since we did not de-
termine the structure of the ¢, domain, we cannot rule out a
loss of inversion symmetry to C 1; however, there is no reason
to assume that it exists. The g5 superstructure (major domain
of rouxelite) is derived analogously, but there the lattice basis
is (a — b, 2b, ¢ — b) (right branch in Fig. 7).

Eur. J. Mineral., 37, 971-994, 2025
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Figure 6. Reciprocal space sections of the launayite crystal under investigation at (a) k =2 and (b) k = 1.5 (with respect to the parent 4 A
structure). Reflections of the parent structure are marked by blue squares, and those of the major ¢ superstructure are marked by red circles.
Examples of g, superstructure reflections are indicated by small green arrows in panel (b).

C2/m
parent structure
2
P2/a ct1
2 2 2
(a,2b,c) (a-b,2b,c) (a-b,2b,c-b)
/ N
P2/a ci1 ci1

launayite (major)| |launayite (minor)
rouxelite (minor)

rouxelite (major)

Figure 7. Symmetry relationship between the simplified parent
structures of launayite and rouxelite and the three observed super-
structures.

To understand the formation of the different superstruc-
tures, it is crucial to note that by doubling the b axis, transla-
tion symmetry is lost and the A and B rods now possess two
different potential origins which are schematised in Fig. 8
by hatching. In the ¢, superstructure, the b components of
the origins of all rods are equal. In the g, and g5 superstruc-
tures (where the g vector possesses an a* component of 1/2),
the origins are shifted by b (of the parent structure) for each
translation along the a axis of the parent structure. In the g5
superstructure (with an additional ¢* component of 1/2 in the
q vector), there is an additional shift along b when crossing
the C wall.

Eur. J. Mineral., 37, 971-994, 2025
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Figure 8. Schematic representation of the origins of the A and B
rods in the superstructures of launayite and rouxelite. Colours of
the modules as in Fig. 4. A translation along b (with respect to the
parent structure) is indicated by hatching. Basis vectors of the super-
structures are indicated by arrows. Blue arrows show an alternative
setting of launayite.
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C wall A,Brods

¢
0\ / \./’

Figure 9. The crystal structure of launayite, viewed along the b axis (~ 8.04 A). Atom colouring: white, S sites; blue, fully occupied and
dominant Pb sites; red, fully occupied and dominant Sb-occupied sites; green, Cu sites. Two different rods, A (PbS-like) and B (SnS-like),
coloured differently (grey, light red, dark red), alternate along the a axis and are flanked by C wall layers. The C walls may also be seen as
composed by Cgps and D rods which alternate along the a axis. The short, strong Sb (red)-S bonds are indicated in yellow (Sb-S < 2.75 A),
and long Sb (red)-S bonds are indicated in white (2.75A < Sb-S < 3.3 A). Cation-sulfur bonds longer than 3.4 A for Pb and 3.3 A for Sb
are not indicated. Symmetry elements are indicated by the usual symbols in yellow: circles are symmetry centres at y =0, 1/2, and 1. Lens
shapes are 2-fold axes running parallel to the b axis. The yellow wedge with an arrow is a glide reflection at y =0, 1/2, and 1. The dark
colours and light colours indicate B modules related by 2-fold rotation.

Figure 8 highlights a fundamental issue with comparing
modulations/superstructures of non-isotypic basic structures.
An alternative setting of the launayite parent structure that
still maintains comparability with rouxelite is (a, b, —a+c).
This setting is just as valid, though we decided against it,
because the corresponding monoclinic angle 8 ~ 131.9° is
larger than 120°. However, in that setting (see blue arrow in
Fig. 8), the minor domain features an origin shift of & when
translating along ¢, as in rouxelite, which means that in this
setting the modulation wave vector is identical to the major
domain of rouxelite. Thus, it makes little sense to compare
modulation wave vectors in distinct structures.

In summary, the superstructures are caused by a doubling
of the translation period of the A and B rods in the [010] di-
rection, and the cell and symmetry are due to the distribution
of the origins of the A and B rods in the structure.

https://doi.org/10.5194/ejm-37-971-2025

7 Major domain of launayite

The major ¢ superstructure of launayite is shown in Fig. 9.
The reflection symmetry is lost, and the layer group symme-
tries of the C walls and the A/B layers are reduced to p12/al.
The rod groups of the A modules are reduced to pp-1 (loss
of the 2;-screw rotation), and those of the B modules are
reduced to pp121 (loss of inversion). The latter therefore ap-
pear in two orientations with respect to inversion, indicated
by different shading in Fig. 9. In contrast, in the g, and g5 su-
perstructures, all rotational symmetry is lost and only centres
of inversions remain. For details, see our recent publication
on rouxelite (Topa et al., 2025).

Observe that the major domain features the same 2/m point
group as the parent structure; therefore modulation cannot
be responsible for the twinning observed in the (Laul) grain
(see above). Since we only collected diffraction data of an
untwinned crystal (Lau2), the twin law cannot be stated un-
ambiguously. However, in rouxelite we observed twinning by
reflection at (100). We suspect that the same is true for lau-

Eur. J. Mineral., 37, 971-994, 2025
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Figure 10. Plot of the opposing bond pairs for the Pb(Z Sb,As)
and Sb(+£ As,Pb) coordination polyhedra in the crystal structure of
launayite, against element-specific bond-length hyperbolae. For the
“in-plane” bonds, the shorter distances (x;) are plotted along the
abscissa, while for the “out-of-plane” pairs, the shorter distances
(x,) are plotted along the ordinate. The red segment represents
the regression (y = —1.0471x 4 5.7993) approximating the linear
distribution of Sb “in-plane” bond pairs. The “in-plane” and “out-
of-plane” bond pairs of Sb are plotted with lozenges of different
colours according to their host module: A modules, dark grey; B
modules, pink; C modules, light grey (see Fig. 4). Bond pairs for
As sharing split positions are plotted with circles. The dotted diag-
onal corresponds to equal opposing bonds.

nayite. This twinning suggests a reversal of the orientation
of the A/B layers with respect to [100], which can be ratio-
nalised by partial [100] reflection symmetry of the halved C
walls: given a C wall, the adjacent A/B layer can be reflected
at [100] without major distortions.

8 Site populations and bonds

Given the intricate nature of launayite’s crystal struc-
ture, the proposed cation distributions were evaluated us-
ing element-specific bond-length trends, following the ap-
proach of Tromel (1980) and Berlepsch et al. (2001a, b).
This technique has been applied recently to the crystal struc-
ture of rouxelite from Monte Arsiccio Mine (Topa et al.,
2025), which serves as a point of comparison with launayite.
The procedure involves comparing pairs of contrasting bond
lengths — those lying roughly within a plane and those ex-
tending above and below it — found in coordination octa-
hedra and in mono-capped trigonal prisms (or split octa-
hedra). The “in-plane” bonds correspond to equatorial po-
sitions (such as the shared base of two opposing pyramids

Eur. J. Mineral., 37, 971-994, 2025
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Figure 11. The enhanced Armbruster—Hummel (Armbruster and
Hummel, 1987; Topa et al., 2025) diagram modified to account for
the chemical content of launayite. The diagonal dotted line (down at
right) represents regular polyhedra where the two mean values are
equal. The bond lengths in ascending order are denoted as D1, D2,
D3, D4, and DS. The colouring of lozenges (Sb) and circles (As)
reflect their host module (dark grey: Module A; pink: Module B;
light grey: Module C).
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Figure 12. Ternary plot in the system (Sb,As) — (Ag,Cu,Tl) —
(Pb + Hg) for launayite from Madoc (M), rouxelite from the Monte
Arsiccio mine (MA), and rouxelite from Buca della Vena mine
(BdV) (Topa et al., 2025), showing their close but distinct posi-
tions. Chemically and structurally, Hg is present only in rouxelite,
and Cu is essential for both minerals. Silver, T1, and As are present
in launayite but have no structural relevance. Note the “inclined
line” shape of the launayite group of points: to a narrow Melt
variation corresponds to a larger Me3t variation and to a smaller
Me?t variation, indicating that Sb — As substitution is stronger
than 2Pb2t — (Ag,T1,Cuexira) T + (Sb, As)>t substitution.
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Figure 13. Binary plots of relevant pairs of element content (a, b), expressed in at. % values, and of two combinations (¢, d) of “Me?t
vs. EMe3" ratios for chemistries of launayite and rouxelite. Me!* does not contain Cu. In all these representations, launayite and rouxelite

compositions are clearly separated.

or the base of a capping pyramid), while the “out-of-plane”
bonds point toward axial ligands, more or less perpendicular
to these “planes” which run parallel to the [010] zone axis
and share the same orientation as the well-developed lone
electron micelles.

The resulting x—y scatter plot (Fig. 10) reveals that the
Pb-bearing capped prisms generally plot near the diagram’s
diagonal, indicating only minor disparities between paired
bond lengths in the plane. In contrast, greater deviations from
the ideal Pb curve are observed for the axial bonds, likely re-
flecting local distortions caused by adjacent semimetal poly-
hedra or positional splitting of the central cation.

Similar to the findings in rouxelite (Topa et al., 2025), the
bond pairs within Sb-centred octahedra do not conform to the
expected hyperbolic trend. Instead, they follow a nearly lin-
ear pattern intersecting the Sb curve, implying that the sums
of the opposing in-plane bond lengths are consistently main-
tained constant (roughly between 5.6 and 5.7 A). This sup-
ports a model of highly symmetrical in-plane ligand arrange-
ments which are aligned with the crystallographic b axis.

The Armbruster—Hummel plot (Armbruster and Hummel,
1987) shown in Fig. 11 (used to distinguish between Sb- and
Pb-dominated sites by plotting the mean of the three shortest
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bond lengths against the next two) displays a clear separation
between the two types of coordination environments.

9 Crystal chemistry

The resulting structural formula obtained from the SCXRD
study for the asymmetric unit, CuyPbyg 31 Sb23.028 As2.662S60,
Z=4, is close to EMPA empirical formula,
Cu2.078A20.059 T10.057Pb20.404Sb22.830A82.772559.80- The
resulting ideal formula CuyPb;(Sb,As)26S60 (Z =4) con-
firms the stoichiometric formula given by Moélo (1983).
Launayite undergoes limited homovalent and heterova-
lent substitutions, such as Sb®t — As3t and 2Pb’t —
Me>t+Me!*, where Me3t is Sb and As; where Me! T is Ag
(0.059 apfu), Tl (0.057 apfu), and Cu®*™ (0.078 apfu); and
where Cu®*"? is (Cu — 2).

The ternary plot (in atomic percent) in the
(Cu+ Ag+TIl) — (Pb+Hg) — (Sb+ As) system (Fig. 12)
based on all measured points from Buca della Vena (#20)
and Monte Arsiccio (#171) from Topa et al. (2025), as well
as launayite from this work (Table 3), illustrates a clear
separation between the different groups in terms of Me'*,
Me2t, and Me3t content. Note that the “inclined narrow
line” shape of the launayite data points to a narrow Me!™

Eur. J. Mineral., 37, 971-994, 2025



988 D. Topa et al.: The crystal structure of launayite from Taylor Pit, Madoc, Ontario, Canada

“extended” cosalite

Figure 14. The A, B, Cgys, and D rods of launayite, as cut-outs
from PbS-like “extended cosalite” for A rod and SnS-like “extended
boulangerite” for B, Cgng, and D rods. Note that “extended cos-
alite” (four Pb polyhedra instead of natural three Pb polyhedra) is
a4 A and that boulangerite can present an orthorhombic (with 4 A)
and a monoclinic (with 8 A) variant. The structural module type B is
a cut-out from a hypothetical “extended” boulangerite rod (four Pb
polyhedra instead of natural three Pb polyhedra). For cosalite (4 A),
crystal structure anion and cation sites, sitting on different levels (0
and 1/2 or 1/4 and 3/4) along 4 A axes, are coloured differently
(bright and dark).

variation together with a larger Me3* variation and smaller
Me?* variation. This indicates that Sb — As substitution
is stronger than 2Pb*t — (Ag,T1,Cu®XU"2)!+4 (Sb,As)’+
substitution, which is not important in launayite. Chemically
and structurally, Hg is present only in rouxelite, but Cu is
essential for both minerals. Chemically, Ag, Tl, and As are
present in launayite and rouxelite but bear no relevance for
the ideal formula. Whether As stabilises launayite remains to
be seen. No distinct position of Ag and Tl could be located
by x-ray diffraction in launayite.

Several binary plots (in atomic percent) using the same set
of data points as described above are presented in Fig. 13a—d.
These plots reveal clearly distinct chemical compositions for
the two minerals, along with the internal compositional vari-
ations within each. Figures 12 and 13c show clear trends that
indicate a substitution of Pb with (Sb,As) without a change in

Eur. J. Mineral., 37, 971-994, 2025

Figure 15. (a) Module topology of launayite viewed down [010].
(b) Modules viewed slightly inclined to [010] showing connectiv-
ity. (¢) Rods viewed perpendicular to [010] showing the archetype:
A rod, PbS-like (grey); B and Cgyg rods (red), SnS-like; D rod, un-
defined (blue).

Me! ™. This trend is very small, spanning 4-0.43 Pb atomic %
and 0.75 (Sb,As) atomic %, and we have not been able to
identify a known substitution mechanism or propose how the
charge balance for this substitution occurs. Table 7 shows
mixed Pb/Sb positions which could be interpreted as possi-
ble candidates for such a substitution mechanism; however,
we have no evidence for the mechanism of this very limited
substitution or for how charge balance occurs.

10 Detailed comparisons with rouxelite

Empirical, structural, and ideal formulae of launayite and
rouxelite, along with their unit cell parameters, are presented
in Table 6. The unit cell volume of rouxelite is larger than
that of launayite, and substitutional mechanisms are more
pronounced in rouxelite than those in launayite, owing to its
wider C walls as described above.
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Table 7. Independent sites and occupancies by rod type in the crystal structures of launayite from Taylor Pit, Madoc, and rouxelite from the

Monte Arsiccio mine, for Z = 4.

(a) Rod A launayite ‘ Rouxelite
Site Occ. CN | Site Occ. CN
Pb3 Pb1 00 8 | Pb9 Pb1 00 8
Pb5 Pb; .00 7 | Pbl0 Pbi .00 8
Pbl Pb1 00 7 | Pbl4 Pb1 00 7
Pb2 Pb; 0o 7 | Pb7 Pb; 0o 7
Pb4 Pb; .00 8 | Pb8 Pb; .00 8
Pb7 Pb1 00 8 | Pbl6 Pb; 00 8
Sb4 Sbi .00 6 | Sbl Sbi .00 6
Sb14 Sbg.80AS0.20 6 | Sb4 Sb1.00 6
Sbl6 Sbo.71As0.29 5 | Sbl0 Sb1.00 6
Sb10 Sbi .00 6 | Sb8 Sbi .00 6
Sb3 Sb1.00 6 | Sb18 Sb1.00 6
Sbll Sbi.00 6 | Sbl2 Sb1.00 6
Sb6 Sbi .00 6 | Sbl4 Sbi .00 6
Sb2 Sb1.00 6 | Sb5 Sb1.00 6
PbeSb7.51As0.49 ‘ PbgSbg
(b) Rod B launayite ‘ Rouxelite
Site Occ. CN | Site Occ. CN
Pbl10 Pb1 0o 8 | Pbl5 Pb1 0o 8
Pbl2 Pb; 0o 8 | Mel2 Pbg 5Tl 5 8
(Sb,As)17  Sbg.57A50.43 5 | Sb22 Sbi.00 5
Sb13 Sbi.00 5 | Sbl7 Sb1.00 5
M15ab Sbg.70A80.30 5 | Sb23a,b  Sbj o 5
Sb7ab Sbo_91 Sb0_09 5 Sb20a,b Sb1 .00 5
Me8ab Sbo 593Pbg.255A50.152 Pb 244 6 | Sbl3 Sbi.00 6
Sb5 Sbi .00 5 | Sbll Sbi .00 5
Mel2ab Sbg.958Pbp 042 6 | Me28 Sbg.804Pbo. 196 5
Mel5ab Pbg 923A50.077 6 | Me22 Pbg 731Sbsg.269 7
(Sb,Pb)9 Sbg.g17Pbo. 183 5 | Pb20 Pb; 0o 7
Pb13 Pb; 00 5 | Mel9 Pbo.426Ag0.2875bg0.287 7
Pbl4 Pb; 00 8 | Me27 Sbg.g59Pbg. 141 5
Sbl Sbi .00 5 | Me2l Pbg 898As0.102 8
Pb9 Pb; 00 8 | Pbl3 Pbi .00 8
Pbl1 Pb1 00 8 | Pbll Pb; 00 8
Sb19 Sbi .00 5 | Sb2la,b  Sbj o 7
(Sb,Pb)18  Sbg.g33Pbg.162 5 | Sb26 Sbi.00 6
Sb25ab Sbo.958Sbg.042 5 | Sb25 Sb1.00 6
Sb24abc Sbg.575Sbo.325Sbg. 100 5 | Me24 Sbg.74A80.26 6

Pb7.5655b11.476A50.959

| Ago.287Tl.5Pbs 892Sb11.950A50 362

Independent sites and their occupancies by rod type (A,
B, Cppbs/sns, and D) in the crystal structures of launayite
from Taylor Pit, Madoc, and rouxelite from the Monte Ar-
siccio mine are compared in Table 7. An overview of the
modular structures of both minerals are given in Fig. 9;
detailed interpretation of the rods in launayite is shown
in Figs. 14 and 15. The A rod in both minerals con-
tains 14 anion sites and has almost the same chemistry:
PbeSb7.51Asp.49 in launayite and PbeSbg in rouxelite. The
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B rod, which includes 20 anion sites in both structures, also
shows similar compositions: Pb7 565 Sb11.476As0.959 in lau-
nayite and Agp.237Tlo.5Pbe.892Sb11.950As0.362 in rouxelite.
The C walls contain 14 anions in launayite and have a dis-
tinct composition of CuyPbg 762 SbaAs) 238, in contrast to
CuyAgo233Hgo 767PbgSbg in rouxelite, which includes 17
sites in the C wall owing to the additional Hg (with minor
Ag) and Pb sites connecting the Cppg rods (see Fig. 4 for the
decomposition of the C walls into rods).
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Table 7. Continued.
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(¢) Layer C launayite (Cg,s and D rods) ‘ Rouxelite (Cppg and extra sites)

Site Occ. CN | Site Occ. CN
Culab Cui o 4 | Cul Cuq 0o 4
Cu2ab Cul'()() 4 Cu2 Cul.OO 4
Pb6 Pbj 00 7 | (Hg,Ag) Hgo.767A20.233 6
Pb8 Pbj 00 7 | Pbl Pbi.0o 8
Sb21ab Sbg.734Sbg 266 5 | Pb2 Pb; oo 8
Sb23ab Sbg.628Sbo.372 5 | Sbs Sb1 .00 6
Sb20ab Sbg.690Sbo 310 5 | Sb7 Sbi .00 6
Sb22ab Sbp.3265b0.674 5| Sb9 Sb1.00 6
(Pb,As)19  Pbg.750As0.250 7 | Sbé Sb1.00 6
(Pb,As)18  Pbg 748As0.252 7 | Sb19 Sb1.00 7
(Pb,As)20  Pbg.757As0.243 7 | Sbl6 Sbi .00 7
(Pb,As)17  Pbg.gegAsp.132 7 | Sb2 Sb1 .00 6
(Pb,As)16  Pbg.935A30.065 7 | Sb3 Sbi .00 6
(Pb,As)21  Pbg.704A30.296 7 | PbS Pb; oo 8

Pb6 Pby 00 8

Pb4 Pb; 0o 7

Pb3 Pb; oo 7

Pbl7a,b  Pbj o 9

Pbl8a.b  Pbj o 9

CuyPbg 762SbgAsy 238

CuyAgp.233Hg0.767PbgSbg

(d) Rod A PbeSby 51As0.49
Rod B Pb7 5655b11.476A50.959
Layer C CuyPbg 761SbaAs 239

Asymmetric unit Cusz20_330Sb22_983A82_687
Corr. unit cell -
Ideal formula CuyPbySbysSen

PbeSbg
Ago.287Tlp.5Pbe 8925b11.959As0.362
CuyAgo.233Hgo.767PbgSbg

CupAgo.52Hgo.767Tlo.5Pb20.8925b27.959 Asg.362
CuyHgPbss 7Sby7 3

CuyHgPbs3 5Sb26 5S65.25

Table 8. Name, homologue number, ideal formula, unit cell parameters, and space group for hypothetical and natural homologue members
(N) of the launayite-rouxelite series for Z = 4. The ideal formula of rouxelite is debated, as it is unclear whether it contains O and/or S

vacancies.

Name Member  Formula a b c o B y S.P
Hypo 1 N=1 CuyPb17Sb4Ss54 ~43 ~8 ~382 ~ 132 P2/a
Hypo 2 N =15 CuyPb3;SbspS114 ~43 ~8 ~558 ~ 100 P2/a
Launayite N =2 CuyPbrSbrgSeo 42.65 8.04 344 64.7 P2/a
Rouxelite N =3 CuyHgPbs3 5Sbog 5565.05  43.19 8.1 38.15 96 1166 95 C-1

A comparison of the modular representations of the crys-
tal structures of launayite and rouxelite (Topa et al., 2025) is
shown in Fig. 16. The A and B rods in launayite structure are
topologically identical to the A and B rods in rouxelite struc-
ture. In addition, the first row of anion sites, along with the
additional Pb site layer flanking the A and B rods, is identical
in both minerals (Fig. 16a). As noted above, the main struc-
tural difference lies in the second anion layer of the C wall
in rouxelite (Fig. 16b). It is noteworthy that the Cgys rods in
launayite have an SnS-like archetype, whereas the Cgpg rods
in rouxelite follow a PbS-like archetype despite being topo-
logically identical (i.e., all rods consist of four anion layers,
one exterior Pb site, and a double-layer interior with two Sb

Eur. J. Mineral., 37, 971-994, 2025

sites). The D rod in launayite is also present in the C wall
layer of the pillaite structure (Meerschaut et al. (2001), to-
gether with an extended PbS-like rod (i.e., composed of four
anion layers, with two exterior Pb sites and a double-layer
interior with three Sb sites) (Fig. 16b).

A hypothetical C wall with N =1 can be constructed, as
illustrated in Fig. 17a. Based on this, two hypothetical mem-
bers can be envisioned, one with N =1 (Fig. 17b) and one
with N = 1.5, by combining one N =1 with one N =2 C
wall in a single phase (Fig. 17c). The approximate unit cell
parameter and ideal formulae for this series are shown in Ta-
ble 8.
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Figure 16. (a) Comparison of A and B rods in the major domain of launayite with those in the major domain of rouxelite. Different shading
indicates additional translation along [010] (A and B rods in rouxelite) or 2-fold rotation about [010] (B rods in launayite). Topologically, the
first row of metal sites plus the extra Pb sites flanking A and B rods are identical for both minerals. (b) Comparison of C wall layers char-
acteristic of launayite (Cgpg and D rods), rouxelite (Cgpg rods and extra Hg (+ minor Ag) and Pb sites), and pillaite structures. Similarities

and differences are described in the text.

11 Launayite presence in other deposits

Mindat.org lists four additional localities for supposed lau-
nayite. The material from Mina Casualidad, Bafios de Al-
hamilla, Pechina, Almerfa, Andalusia, Spain, does not con-
tain any detectable Cu (Christian Rewitzer, personal commu-
nication, 2025) and therefore cannot correspond to launayite
(Rewitzer et al., 2019).

The description of launayite from Dubrava Sb deposit,
Dubrava, Liptovsky Mikuld$ District, Zilina Region, Slo-
vakia (Adamus et al., 1993), similarly reports no presence
of Cu in the chemical analysis. Only powder XRD was used,
which makes the positive identification of a complex sulfos-
alt particularly challenging.

In the work by Nur et al. (2012), launayite is reported
from the Baturappe prospect, Gowa Regency, South Sulawesi
Province, Indonesia, with the only mention being “Very fine-
grained silver and bismuth minerals. .. were also identified
by SEM-EDX analysis; the minerals include bismuthinite. . .
and launayite”. However, given the chemical complexity and
similarity among related sulfosalt minerals, such a brief iden-
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tification cannot be viewed as a reliable confirmation of lau-
nayite.

Lastly, launayite from the Cannington Mine (South32
Cannington), McKinlay, McKinlay Shire, Queensland, Aus-
tralia, appears in a reference included in a symposium pre-
sentation (Bodon, 2018). However, no further details on this
work were available to the authors of the present study. Over-
all, none of the reported localities provide clear evidence for
the presence of launayite. While the first two can be excluded
based on lack of Cu, the second two are questionable at best.

Based on our current research, we suggest that launayite
should be regarded at present as a one-locality species.

12 Conclusion

After a long period during which the crystal structure and
group affiliation of launayite remained unknown, we have
now clarified both aspects and established its structural rela-
tionship to rouxelite, marking a new step in the understand-
ing of complex Cu-Pb-Sb sulfosalts.

As we already observed for rouxelite, the launayite crys-
tal under investigation is built of distinct superstructures.

Eur. J. Mineral., 37, 971-994, 2025
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Figure 17. (a) Hypothetical C wall N =1 of a launayite-like structure. (b) Hypothetical N = 1 member of a launayite homologous series.

(b) Hypothetical N = 1.5 member of a launayite homologous series.

Such an edifice may be formed by exsolution of a high-
temperature phase into two chemically distinct phases, or
it may form from stress/strain caused by anisotropic ther-
mal shrinking. Transmission electron microscopy and high-
temperature diffraction measurements will be required to
clarify the local structure and formation conditions of these
intergrowths. In any case, these features highlight the inher-
ent difficulty of classifying sulfosalt minerals based on their
crystal structure.

The merotype relationship of the parent structures of roux-
elite and launayite proves the importance of considering lo-
cal symmetry and modularity when comparing crystal struc-
tures. A comparison of the global symmetry is insufficient.
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