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Gortdrumite, CuxsFesHgeSo3, from Leogang, Salzburg,
Austria: crystal structure and revision of the chemical formula
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ABSTRACT

The crystal structure of the mineral gortdrumite, a rare copper-mercury-iron sulfide, was solved using
intensity data collected using a crystal from the Neuschurf adit, Leogang, Salzburg, Austria. This
study revealed that the structure is triclinic, space group P1, with cell parameters: a =9.677(4), b =9.865(5),
c=11.992(5) A, a.=77.85(4), p="79.42(3), y="76.30(4)°, V=1076.5(8) A> and Z= 1. The refinement led
to an R index of 0.0833 for 3335 independent reflections and 143 parameters. Twelve S sites (one with half
occupancy) and eighteen metal sites (5 Hg, 12 Cu and 1 Fe) occur in the crystal structure of gortdrumite.
Mercury cations link two sulfur atoms in a linear coordination, Cu cations are found in various low-
coordination (2, 3 and 4) sites, in agreement with the Cu preference for such environments, and Fe in
tetrahedral coordination. Metal-metal interactions are also present and these contacts are discussed in
relation with other copper sulfides, intermetallics and pure metals. Electron microprobe analyses of the
crystal used for the structural study led to the formula Cu,, ¢;Fe, ;3Hgg 19S55 55, On the basis of 58 atoms.
On the basis of information gained from the structural and chemical characterization, the crystal-chemical

formula was revised to Cu,,Fe,Hg,S,5 (Z=1) instead of (Cu,Fe),Hg,S5 as reported previously.

KEYwoRbDs: gortdrumite, crystal structure, chemical composition, Cu-sulfides, Leogang, Austria.

Introduction

GORTDRUMITE was defined as a new mineral species
with the chemical formula (Cu,Fe);Hg,S5 by Steed
(1983) during a study of the ores coming from the
Gortdrum orebody of County Tipperary, Ireland.
By means of X-ray powder diffraction (XRD),
this author realized that the pattern did not
correspond to any mineral listed in the 1974 JCPDS
Powder Diffraction Database (then the Joint
Committee on Powder Diffraction Standards, now
the International Centre for Diffraction Data, http:/
www.icdd.com/). Then, with the help of A. Kato,
Steed (1983) hypothesized an orthorhombic symmetry
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for gortdrumite with a = 14.958, b=7.900 and c =
24.10 A, and, on the basis of valence relations, he
further suggested that the unit-cell content should
be 4[Cu,sFeHg S (]

Interestingly, a mineral with the same physical,
optical and chemical characteristics was later
described by Leblhuber (2000) during a mineral-
ogical study of the ore bodies of the Neuschurf adit,
Leogang, Salzburg, Austria. However, given the
exceedingly small size of the gortdrumite crystals
together with the ubiquitous intergrowth with chalco-
cite (with similar optical and physical characteristics),
an effort to solve the structure was not attempted.

In the course of a research project dealing with
the description and structural characterization of
natural copper and silver sulfides/sulfosalts (e.g.
Biagioni and Bindi 2017; Bindi and Menchetti
2011; Bindi et al. 2006, 2007a,b,c, 2009, 2012,
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Evain et al. 2006), we have examined a fragment
from Neuschurf adit, already studied by Leblhuber
(2000). The three samples that were used for this
study originate from the mercury zone with
abundant cinnabar, mercury and moschellandsber-
gite. Gortdrumite occurs in copper-rich vugs of a
central fault zone where needle-shaped and termi-
nated crystals up to 300 um were found.

To help resolve the concerns relating to the structure
of gortdrumite and those related to the different
symmetry reported for gortdrumite in the previous
literature, here we present the first crystal structure data
for the mineral together with new chemical data.

Physical and optical properties of Austrian
gortdrumite

Gortdrumite occurs on three samples of which one
(~2 cm in size) contained the material for study.
The associated minerals are cinnabar, chalcocite,
and possibly cerussite and malachite.

As we are studying the structure of gortdrumite
from a new occurrence, we also characterized
the micro-hardness and the optical properties of
the mineral in order to verify the strict analogy with
the type material. In particular, the Vickers hardness
number (VHN, ) ranges between 190-215, aver-
aging at 201 kg mm 2, thus nearly identical to that
of type gortdrumite (Steed, 1983). From the optical
point of view, in polished section using plane-
polarized light, gortdrumite is bireflectant and not
pleochroic. The mineral shows no internal reflec-
tions. Between crossed polars, gortdrumite is
distinctly anisotropic with colours from greyish
white with a bluish tint to blue. Reflectance values
were measured in air using a MPM-200 Zeiss
microphotometer equipped with a MSP-20 system
processor on a Zeiss Axioplan ore microscope. The
filament temperature was ~3350 K. An interference
filter was adjusted, in turn, to select four wave-
lengths for measurement (471.1, 548.3, 586.6 and
652.3 nm). Readings were taken for specimen and
standard (SiC) maintained under the same focus
conditions. The diameter of the circular measuring
area was 0.05 mm. Reflectance values are as
follows (R ip, Rpax): 27.7, 31.1 (471.1 nm); 26.6,
30.4 (548.3 nm); 25.8, 29.4 (586.6 nm); and 25.3,
28.3 (652.3 nm), which are nearly identical to those
of type gortdrumite (Criddle and Stanley, 1993).

Crystal-structure solution and refinement

Several crystals were handpicked and tested by
means of single-crystal XRD. Most of them were
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found to consist of multiple crystallites, fine
intergrowths (mainly of gortdrumite and chalco-
cite), or very weakly diffracting fragments. After
several trials, a small crystal fragment (20 pm %
30 pm x 60 pm) showing fairly good diffraction
quality was selected for the structural study. The
intensity data collection (see Table 1 for details)
was carried out by means of an Oxford Diffraction
Xcalibur PX Ultra single-crystal diffractometer
(enhanced X-ray source, X-ray radiation CuKo., A
=1.54184 A) fitted with a Sapphire 2 CCD
detector. A total of 1905 frames of data was
collected at room temperature as seven sets of
omega runs with an exposure time of 115 s per
frame and a frame width of 1.00°. This afforded an
overall data collection of 6371 reflections (3335
unique). The refined triclinic unit-cell parameters are:
a=9.677(4), b=9.865(5), c=11.992(5) A, a=
77.85(4), B=79.42(3), y="76.30(4)° and V'=1076.5
(8) A3, which are not related to the orthorhombic
unit-cell inferred by Steed (1983) [a=14.958, b=
7.900 and c=24.10 A], except for the fact that the
Steed’s volume is %; larger than the observed volume.
Data frames were processed using the CrysAlis
software package (Oxford Diffraction, 2006)
running on the Xcalibur PX Ultra control PC. The
program ABSPACK (Oxford Diffraction, 2006) was
used for the absorption correction. The merging
R for the data set decreased from 16.05% before
the absorption correction to 7.50% after this
correction. Given the observed reflection con-
ditions, together with the statistical tests on the
distribution of |E| values that strongly indicated the
presence of an inversion centre (£ — 1|=0.961),
we decided to start to solve the structure in the P1
space group. The positions of most of the atoms (all
the Hg positions and most of the Cu atoms) were
determined by means of direct methods (Sheldrick,
2008). A least-squares refinement on F2 using these
heavy-atom positions and isotropic temperature
factors produced an R factor of 0.205. Three-
dimensional difference-Fourier synthesis yielded
the position of the remaining Cu and S atoms. The
program SHELXL (Sheldrick, 2008) was used for
the refinement of the structure. The occupancy of
all the sites was left free to vary (Hg vs. vacancy, Cu
vs. vacancy, S vs. vacancy). The occupancy of the
Hg sites and all the Cu sites but one (Table 2) was
found to be consistent with a pure occupation by Hg
and Cu, respectively, and then fixed to 1.00. One of
the Cu positions showed a mean electron number of
26.1, and we decided to attribute all the Fe of the
formula to this position (see below for crystal-
chemical considerations). One of the S positions
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TABLE 1. Data and experimental details for the selected

gortdrumite crystal.

Crystal data

Formula Cu,,Fe,Hg,S,,
Crystal size (mm) 0.020 x 0.030 x 0.060
Form block

Colour black

Crystal system triclinic

Space group Pl

a (A) 9.677(4)

b (A) 9.865(5)

c(A) 11.992(5)

o (°) 77.85(4)

B (°) 79.42(3)

v (°) 76.30(4)
V(A% 1076.5(8)

z 1

Data collection
Instrument

Radiation type

Oxford Diffraction Xcalibur
PX Ultra
CuKo, (A=1.54184 A)

Temperature (K) 293(3)

Detector-to-sample 7
distance (cm)

Number of frames 1905

Measuring time (s) 115

Maximum covered 26 (°) 129.80

Absorption correction

multi-scan (4BSPACK; Oxford
Diffraction, 2006)

Collected reflections 6371
Unique reflections 3335
Refl. with F, > 40(F,) 626
Ry 0.0750
Range of &, k, [ -10<h<11
-11<k<11
-12</<13
Refinement
Refinement Full-matrix least squares on £

Final R, [F, > 4o(F)]

0.0560

Final R, (all data) 0.0833

Goodness of Fit 1.07

Number of refined 143
parameters

AP (€7 A7) 1.34

Apin (€ A7) -1.22

(S11; Table 2) was found to be half occupied and
it was fixed to the value of 0.50 in the last stages of
the refinement. Such a feature could indicate that
what we are presenting here is actually an average
structure, even if during our experiments we have
not observed any hint suggesting a potential
doubling of one the unit-cell parameters. Neutral-
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scattering curves for Hg, Cu, Fe and S were taken
from the International Tables for X-ray
Crystallography (Ibers and Hamilton, 1974). At
the last stage, with anisotropic atomic displacement
parameters for the Hg atoms and no constraints, the
residual value converged at R=0.0560 for 626
observed reflections [F, > 4o(F,)] and 143
parameters and at R =0.0833 for all 3335 inde-
pendent reflections. Inspection of the difference-
Fourier map revealed that maximum positive and
negative peaks were 1.34 and 1.22 ¢ /A3, respect-
ively. Experimental details and R indices are given
in Table 1. Fractional atomic coordinates and
equivalent/isotropic displacement parameters are
reported in Table 2, whereas the anisotropic
displacement parameters of the Hg atoms are
given in Table 3. The crystallographic information
file has been deposited with the Principal Editor of
Mineralogical Magazine and is available as
Supplementary material (see below).

Chemical composition

The chemical composition was determined using
wavelength dispersive analysis (WDS) by means
of an electron microprobe on the same crystal used
for the structural study. Concentrations of major and
minor elements were determined at an accelerating
voltage of 20 kV and a beam current of 10 nA. For
the WDS analyses the following lines were
used: SKa, FeKo,, CuKo and HgMo. The standards
employed were: CusSy for Cu, FeAsS for Fe and
HgS for S and Hg. The crystal fragment was found
to be homogeneous within analytical uncertainty.
The average chemical compositions (six analyses on
different spots), together with ranges of wt.% of
elements, are reported in Table 4. On the basis of 58
atoms, the chemical formula for gortdrumite can be
written as Cu,, g;Fe; 53Hgg 4S5, 55, 01, according
to the revised chemical formula obtained on the
basis of the structural results below, Cu,,Fe,Hg,S,.
The new formula is also in satisfactory agreement
with the original data given by Steed (1983), which,
when normalized to 58 atoms, give an average
formula of Cuys 4 56 3Fe; 11 sH8s 7 885510223

The density could not be determined because of
paucity of available material and the penetrative
intergrowth with other phases (mainly chalcocite).
Using the unit-cell parameters from X-ray single-
crystal work and the empirical formula, the
calculated density is 6.500 g.cm>. Using the
ideal Cu,,Fe,HgyS,; formula, the density is
6.443 g cm .
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TABLE 2. Atoms, site occupancy factors (s.o.f.), fractional atomic coordinates and
equivalent/isotropic displacement parameters (A?) for the selected gortdrumite

crystal.

Atom s.o.f X y z U/ Uiso*
Hgl Hg, oo 0 0 Ya 0.0564(7)

Hg2 Hg, o 0.0005(2) 0.0045(2) 0.8146(2) 0.0587(5)

Hg3 Hg, oo 0.3903(2) 0.3727(2) 0.9976(2) 0.0611(6)

Hg4 Hg, oo 0.3924(2) 0.3764(2) 0.3398(1) 0.0510(4)

Hg5 Hg, oo 0.3897(2) 0.3757(2) 0.6556(1) 0.0502(4)

Cul Uy 00 0.4113(5) 0.9295(5) 0.1056(3) 0.0306(9)*
Cu2 Cu, 4o 0.4135(5) 0.9592(5) 0.7633(3) 0.0318(9)*
Cu3 Cu, 4 0.4134(6) 0.9456(6) 0.4396(4) 0.038(1)*
Cu4 Cu, 4 0.1457(5) 0.2377(5) 0.5833(3) 0.033(1)*
Cu5 Cu, 4 0.1426(5) 0.2546(5) 0.2400(4) 0.037(1)*
Cu6 Cu, 4 0.1370(6) 0.2453(5) 0.9229(3) 0.038(1)*
Cu7 Cu, 4o 0.1782(5) 0.6396(5) 0.1678(3) 0.0267(9)*
Cu Uy 00 0.1870(5) 0.6237(5) 0.5060(3) 0.0301(9)*
Cu9 Cu, 4o 0.1938(6) 0.6364(5) 0.8369(3) 0.035(1)*
Culo Cu, 4 0.7259(6) 0.1617(5) 0.9983(3) 0.036(1)*
Cull Cu, 4o 0.7212(5) 0.1770(5) 0.6533(4) 0.038(1)*
Cul2 Cuy o 0.0033(7) 0.4982(7) 0.6673(4) 0.0419(9)*
Fe Fe, 4o 0.2752(5) 0.8465(6) 0.6703(3) 0.0323(9)*
S1 S1.00 0.036(2) 0.810(2) 0.968(1) 0.081(3)*
S2 S\ 00 0.933(1) 0.231(1) 0.6921(9) 0.071(3)*
S3 S1.00 0.048(1) 0.788(1) 0.6328(8) 0.057(2)*
S4 Si00 0.594(2) 0.293(2) 0.191(1) 0.088(4)*
S5 S 00 0.610(2) 0.299(2) 0.874(1) 0.086(4)*
S6 Si 00 0.436(1) 0.708(1) 0.4915(9) 0.063(2)*
S7 Si 00 0.647(1) 0.952(1) 0.0600(9) 0.082(3)*
S8 S1.00 0.169(1) 0.440(1) 0.7712(9) 0.067(3)*
S9 Si 00 0.658(1) 0.941(2) 0.724(1) 0.083(3)*
S10 S1.00 0.180(1) 0.446(1) 0.4572(9) 0.061(2)*
S11 So.50 0.132(1) 0.441(1) 0.0482(8) 0.057(2)*
S12 Si 00 0.661(1) 0.949(1) 0.3907(9) 0.068(3)*

Description of the structure and discussion

The crystal structure of gortdrumite (Fig. 1)

represents a new structure type in the Cu—(Fe)—

Hg-S system. Although most of the Hg—Cu atoms

exhibit bonds with S atoms, there are also some
important metal-metal contacts (especially Cu—Cu
contacts; Table 5) which play an important role in
some coordination environments. Thus, gortdru-
mite should be considered as a very peculiar sulfide

TaBLE 3. Anisotropic displacement parameters of the atoms for the selected gortdrumite crystal.

Ull U22 U33 U13 U23
Hgl 0.054(2) 0.059(2) 0.056(1) —0.011(1) —0.010(1) —0.008(1)
Hg2 0.057(1) 0.059(1) 0.061(1) —0.0102(9) —0.0093(9) —0.0140(9)
Hg3 0.062(1) 0.065(1) 0.0584(8) —0.016(1) —0.0121(8) —0.0097(8)
Hgd 0.052(1) 0.052(1) 0.0493(8) —0.0108(8) —0.0072(7) —0.0081(7)
Hg5 0.053(1) 0.053(1) 0.0467(7) —0.0126(8) —0.0083(7) —0.0096(7)
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TABLE 4. Electron microprobe data (means and ranges in wt.% of elements), atomic ratios (on the basis of 58
atoms) with their standard deviations (o) for the selected gortdrumite crystal.

Wt.% Range Atomic ratios c
Cu 37.15 37.02-37.89 24.83 0.15
Fe 2.28 2.17-2.41 1.73 0.05
Hg 42.92 41.98-43.15 9.09 0.08
S 16.87 16.70-17.10 2235 0.11
Total 99.22 99.90-100.05

(close to an intermetallic compound) and, therefore,
the classic polyhedral description and bond-
valence considerations are hardly applicable.

In the crystal structure of gortdrumite there are 12
independent S sites and 18 metal (Hg, Cu and Fe)
sites with Z= 1. Mercury is hosted at five different
sites (one with halved multiplicity; Wyckoff
position 1b), mostly displaying a typical linear
coordination. Only Hg4 has an additional ligand at
distances <3 A [i.e. Hgd-S6=2.72(1) A]. The
overall mean bond distance of the five Hg sites (in
linear coordination) is 2.386 A, comparable to

those found in cinnabar (i.e. 2.368 A; Auvray and
Genet, 1973). In addition, Hg coordination can be
compared with those found in imiterite (2.376 A;
Guillou et al., 1985) as well as in the lead sulfosalts
rouxelite (2.381 A; Orlandi er al., 2005) and
marrucciite (2.361 and 2.386 A at Hgl and Hg2
sites, respectively; Orlandi ef al., 2007), and in the
silver sulfosalt fettelite (2.403 and 2.393 A at Hgl
and Hg? sites, respectively; Bindi et al., 2009).
Copper cations are found in various low-
coordination (2, 3 and 4) sites, in agreement with
the Cu preference for such environments, and Fe in

F1G. 1. The crystal structure of gortdrumite down [001], perspective view. The horizontal direction corresponds to the a
axis. Light blue, dark blue, red and yellow spheres refer to Cu, Fe, Hg and S atoms, respectively. The unit-cell is outlined.
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TaBLE 5. Bond distances (in A) in the structure of

gortdrumite.
Hgl-S3' 2.35(1) Cu6-S1™ 2.03(1)
Hgl-S3" 2.35(1) Cu6-S8 2.39(1)
Cu6-S7" 2.50(1)
Hg2-S17” 2.38(1) Cu6-S117 2.68(1)
Hg2-S2" 2.42(1)
Cu7-S5" 2.21(2)
Hg3-S11" 2.43(1) Cu7-S2" 2.28(1)
Hg3-S5 2.41(1) Cu7-S11 2.81(1)
Cu7-Cul0¥ 2.685(6)
Hg4-S10 2.32(1) Cu7-Cul?2’ 2.751(6)
Hg4-S4 2.50(1)
Hg4-S6" 2.72(1) Cu8-S10 1.98(1)
Cu8-S3 2.45(1)
Hg5-S6" 2.35(1) Cu8-S6 2.70(1)
Hg5-S8 2.35(1) Cu8-S2" 2.80(1)
Cu8—Cull” 2.631(6)
Cul-S7" 2.18(1) Cu8-Cul2 2.685(6)
Cul-S5" 2.27(2)
Cul-S7 2.30(1) Cu9-S4” 2.27(2)
Cul-S9¥" 2.54(1) Cu9-S8 2.32(1)
Cul-Cul0” 2.402(6) Cu9-S1 2.60(2)
Cu9—Fe 2.714(6)
Cu2-S12" 2.06(1)
Cu2-89 2.29(1) Cul0-S5 2.09(2)
Cu2-S7"" 2.39(1) Cul0-S7* 2.31(1)
Cu2-S4" 2.45(2) Cul0-S1" 2.50(1)
Cu2-Fe 2.458(7) Cul0-Cul® 2.402(6)
Cul0—Cu7¥ 2.685(6)
Cu3-89" 2.18(1)
Cu3-S6 2.26(1) Cull-S2 2.38(1)
Cu3-S12 2.37(1) Cull-S6¥ 2.44(1)
Cu3-S12" 2.39(1) Cull-S9" 2.49(2)
Cu3—Cull” 2.500(7) Cull-Cu3” 2.500(7)
Cull-Cu8" 2.631(6)
Cu4-S27 2.23(1)
Cu4-S12" 2.31(1) Cul2-S8 2.11(1)
Cu4-S10 2.33(1) Cul2-S10’ 2.41(1)
Cu4—Cul2 2.902(9) Cul2—Cu7’ 2.751(6)
Cul2—Cu5’ 2.848(9)
Cu5-S3' 2.23(1)
Cu5-S9” 2.41(2) Fe-S12" 2.19(1)
Cu5-S11 2.63(2) Fe-S4” 2.30(2)
Cu5-Cul?2’ 2.848(9) Fe-S3 2.54(1)
Fe-S6 2.81(1)

Symmetry codes: (i) —x, —y + 1, —z + 1; (ii) x, y — 1, z; (iii)
x=Lyzv)x,yz+t1;(v)—x+1,—y+1, —z+1; (vi)
—x+ 1, —y+2,—z;(vil)) =x + 1, =y + 2, —z+ 1; (viil) —x +
L, —y+1,—z+2;(ix) —x, —y+1,—z+2; X)) x,y— 1,z +

L.

tetrahedral coordination. Cul2 exhibits an almost
linear coordination with S atoms [S§—Cul12-S10=
176.8(6)°], but there are two Cu—Cu contacts that
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complete the coordination sphere of the atom. Cu4,
Cu5, Cu7, Cu9, Cul0 and Cull show a distorted
triangular coordination with S atoms. The overall
mean bond distance of the six Cu atoms is 2.38 A,
which is only slightly larger than that found for
triangularly-coordinated Cu in the crystal structure
of Cu,,Sb,S,; (2.26 A; Pfitzner ez al., 1997) and in
Cu,0.4Zn, ,Fe, 58,5 (2.30 A; Wuensch, 1964). The
slight lengthening of the MCu-S bond distances
(where the prefixed Roman numeral corresponds to
the coordination number) could be due to a minor
Hg/Fe — Cu substitution not detected by the
refinement of the electron density at the different
sites. Furthermore, Cu4, Cu5, Cu7, Cu9, Cul0 and
Cull have at least one contact with another Cu atom
in their coordination sphere. Noteworthy, the short
cation—cation distances observed for CulO [Cul—
Cul0=2.402(6) A] and Cull [Cu3—Cull =2.500
(7) A] are even shorter that the Cu—Cu distance in
metallic copper, i.e. 2.55A (Suh et al, 1983).
Similar features have been observed in the structure
of brodtkorbite (Cu-Cu up to 2.53 A — Sejkora
et al., 2017), of weissite (Bindi ez al., 2013), which
shows even shorter Cu—Cu [2.282(3) A] distances,
and cameronite (Bindi and Pinch, 2014) with the
shortest Cu—Cu distance of 2.4603(4) A.

The atoms Cul, Cu2, Cu3, Cu6 and Cu9 show a
distorted tetrahedral coordination with S atoms.
The overall mean bond distance for the five Cu
atoms is 2.36 A, which compares favourably with
that found for tetrahedrally-coordinated Cu in the
crystal structure of Cu,,Sb,S,; (2.31 A; Pfitzner
et al, 1997) and in Cu,,,Zn, ,Fe,5S,; (2.34 A;
Wuensch, 1964). As already noticed for the
MCy-S-polyhedra, for the tetrahedral Cu positions
the coordination sphere is also filled by at least one
Cu—Cu contact. The only CuS, tetrahedron without
any other contact <3 A is Cu6. Finally, the position
that we think could probably be occupied by Fe
exhibits a tetrahedral coordination with a mean
bond distance of 2.46 A, a value only slightly larger
than that (2.42 A) computed according to the
parameters of Brese and O’Keeffe (1991).

Although not a layered compound, the gortdru-
mite structure can be seen as a succession of layers
on (110), with layers made of Hg atoms and
Cu4—Cu5—Cub polyhedra, and layers made only of
Cu/Fe-coordination polyhedra (Fig. 2a). In this
regard, gortdrumite exhibits similarities with the
recently determined brodtkorbite (Cu,HgSe,)
structure (Sejkora et al, 2017). Brodtkorbite
consists of layers of edge-sharing [CuSe,] distorted
tetrahedra that form mackinawite-like layers paral-
lel to (100). The layers show the A4 type of stacking
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Fi1G. 2. (a) The crystal structure of gortdrumite as seen on (110), Cu/Fe atoms are depicted as light-blue polyhedra,
whereas Hg atoms are given as red spheres; (b) Polyhedral representation of the crystal structure of brodtkorbite
emphasizing the mackinawite-type layers of edge-sharing [CuSe,] tetrahedra. The linear Se-Hg—Se bonds are indicated.
Colours as for the gortdrumite structure.

TaBLE 6. Powder XRD data for gortdrumite.

TABLE 6. (contd.)

1 2
2
hikl dcalc (A) Icalc dobs (A) ]re] hkl dcalc (A) Icalc dnbs (A) Irel
14 2.4082 2 2.41 2

001 11.6065 10 13(3) 24831 lg 0
110 7.4379 25 7.41 20 41 ’
- 0 2.3761 19
110 6.0338 32 6.03 40 313 22312 20 299 15
200 4.6540 12 133 2.2256 17 '
120 4.6093 49 4.58 100 140 2'1822 18
210 4.5641 31 333 2'0435 13
120 3.8969 13 116 1.9980 14
003 3.8688 11 126 1.9598 17
103 3.7654 33 006 1.9344 15 1.946 15
220 3.7190 11 050 1.8873 1
103 3.4065 36 043 1.8738 17 1.877 20
013 3.3784 53 3.38 70 500 1.8616 2
113 3.2269 12 143 1.8039 13 1.797 20
030 3.1456 37 350 17841 15
300 3.1027 13 530 1'7700 14
223 3.0962 60 3.08 30 306 1.7563 12 1.758 20
220 3.0169 87 3.02 30 153 17087 14
230 2.8981 53 453 1.6687 1
320 2.8793 60 2.8 0 513 1.6654 16 1.662 20
123 2.8709 42 5

- 226 1.6438 10
213 2.8002 37 163 1.6030 1
203 2.7883 10 ’
133 27867 100 578 50 633 1.5372 12 1.540 10
310 2.7821 37
023 2.7641 13 Notes: 1= Calculated powder pattern and indexing for
313 2.7238 92 2.71 25 gortdrumite on the basis of a =9.677(4), b=9.865(5), c =
033 2.6809 10 11.992(5) A, o= 77.85(4), B="79.42(3) and y = 76.30(4)°,
213 2.6758 78 2.67 30" and with the atom coordinates reported in Table 2.
123 2.6645 24 Intensities were calculated using XPOW software, version
123 2.6353 38 2.63 2020 (Downs et al., 1993). 2 =observed powder pattern

(continued)  originally reported by Steed (1983).
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and are connected by linear Se-Hg—Se bonds. Each
Cu atom shows three short contacts with three
adjacent Cu atoms forming a pseudo-hexagonal
net of metal-metal interactions within one layer
(Fig. 2b). If we focus our attention on the ‘Hg layer’
in Fig. 2, it appears evident that gortdrumite is
nearly identical to brodtkorbite except for the fact
that in gortdrumite there is an alternation along
[110] of two leftward linear S-Hg—S bonds and one
rightward S—-Hg—S surrounded by Cu4—Cu5-Cu6
polyhedra. Such a distribution accounts for the Cu
enrichment observed in gortdrumite with respect to
brodtkorbite.

The powder X-ray pattern calculated using the
structural data (Table 2) obtained in this study is
shown in Table 6. It appears very similar to that
reported by Steed (1983) for type gortdrumite.
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