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ABSTRACT

The crystal structure of the mineral henryite, a rare copper—silver telluride, was solved using intensity
data collected using a crystal from the type locality, the Campbell orebody, Bisbee, Arizona (U.S.A.). The
study revealed that the structure is cubic, space group Fd3 c, with cell parameters: a = 12.1987(5) A, and
V = 1815.3(2) A>. The refinement of an anisotropic model led to an R index of 0.0301 for 168 independent
reflections. The structure consists of a face-centered cubic close-packing of Te atoms with a disordered
distribution of Cu and Ag atoms in the partially-occupied tetrahedral interstices. It represents a new
structure type in the Cu—Te system closely resembling the cubic structure of the well known phase A.
Electron microprobe analyses of the crystal used for the structural study led to the formula
(Cu1.91Ag147Fe0.02)s—3.40Tey, on the basis of 2 Te atoms per formula unit. On the basis of information
gained from the structural and chemical characterization, the crystal-chemical formula was revised
yielding (Cu,Ag)s3.xTez (Z = 16) with x = 0.40 instead of [Cus 77Ag301Tes] (Z = 8) as previously reported.

© 2014 Elsevier Masson SAS. All rights reserved.

1. Introduction

Henryite was defined as a new mineral species by Criddle et al.
[1] during a study of the ores coming from the Campbell orebody,
Bisbee, Arizona (U.S.A.). The mineral was found to form fine in-
tergrowths with hessite and petzite. An X-ray single-crystal study
was not attempted by Criddle et al. [1] owing to the paucity of the
mineral, and their structural study was limited to a low-quality X-
ray powder investigation made difficult by the several coexisting
phases in the selected material for the experiment. Despite the
difficulties encountered in the X-ray study, Criddle et al. [1] were
able to assign a cubic cell of 12.20(2) A to henryite and a possible
face-centered Bravais lattice. Moreover, these authors reported also
some structural speculation based on the analysis of some hkl re-
flections which should be present/absent with respect to the con-
ditions issued by the hypothetical cubic F-centered space group and
on ‘true cell’/subcell relationships.

Henryite was also described some years later by Bowell et al. [2]
in the mineralization of the Ashanti gold mine, Ghana. However, no
additional specific investigations on the mineral were carried out.

* Dipartimento di Scienze della Terra, Universita degli Studi di Firenze, Via G. La
Pira 4, 1-50121 Firenze, Italy.
E-mail address: luca.bindi@unifi.it.

http://dx.doi.org/10.1016/j.solidstatesciences.2014.10.008
1293-2558/© 2014 Elsevier Masson SAS. All rights reserved.

In the course of a research project dealing with the description
and structural characterization of natural copper and silver tellu-
rides [3—12], a fragment from the type locality (Bisbee, Arizona,
U.S.A.) belonging to the mineralogical collections of the Museo di
Storia Naturale of the University of Florence (catalogue number
46002/G) has been examined. The sample consists of tiny henryite
grains closely associated with hessite, petzite and pyrite.

To help resolve the concerns relating to the structure of
henryite, new crystal structure data for the mineral from its type
locality together with new chemical data are presented here.

2. Experimental
2.1. Electron microprobe analysis

The chemical composition was determined using wavelength
dispersive analysis (WDS) by means of a JEOL JXA-8200 electron
microprobe on the same crystal used for the structural study (see
below). Concentrations of major and minor elements were deter-
mined at an accelerating voltage of 20 kV and a beam current of
40 nA, with 10 s as the counting time. For the WDS analyses the
following lines were used: SKa, FeKa, CuKa, ZnKa., AsLa, SeLa., AgLa,
SbLB, TeLa, PbMo., BiMB. The standards employed were: native el-
ements for Cu and Ag, galena for Pb, pyrite for Fe and S, synthetic
Sb,Tes for Sb and Te, synthetic As,Ss for As, synthetic BiyS3 for Bi,
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Table 1

Electron microprobe data (averages and ranges in wt. % of elements), atomic ratios
(on the basis of 2 Te atoms) with their standard deviations (o) for the selected
henryite crystal.

wt. % Range Atomic ratios a
Ag 29.51 28.33—30.13 1.47 0.09
Cu 22.58 22.30-23.11 1.91 0.11
Bi 0.01 0.00—0.04 — —
Pb 0.01 0.00—0.03 — -
Zn 0.01 0.00—0.04 - -
Fe 0.21 0.09—-0.26 0.02 0.01
Sb 0.01 0.00—0.02 — —
As 0.01 0.00—0.03 - -
S 0.01 0.00—0.02 - -
Se 0.02 0.00—0.05 — —
Te 47.49 47.01-48.22 2.00 0.10
Total 99.87 98.99-100.41

Table 2
Data and experimental details for the selected henryite crystal.
Crystal data
Formula (Cu,Ag)s xTe; with x = 0.40
Crystal size (mm) 0.055 x 0.075 x 0.080
Form Block
Colour Black
Crystal system Cubic
Space group Fd3 c (#228 — origin choice#2)
a(A) 12.1987(5)
V(A3) 1815.3(2)
z 16
Data collection
Instrument Oxford Diffraction Xcalibur 3

Radiation type

MoKa (A = 0.71073)

Temperature (K) 293(3)
Detector to sample distance 6
(cm)

Number of frames 602

Measuring time (s) 60

Maximum covered 26 (°) 69.62

Absorption correction Multi-scan (ABSPACK; Oxford Diffraction
2006)

Collected reflections 7938

Unique reflections 168

Reflections with F, > 4a(F,) 81

Rint 0.0310

Ry 0.0406

Range of h, k, | —-19<h<19,-19<k<19,-19<1<19

Refinement

Refinement Full-matrix least squares on F?

Final R; [F, > 40(F,)] 0.0254

Final R; (all data) 0.0301

WR; [F, > 40(F,)] 0.0588

WR; (all data) 0.0645

Number refined parameters 8

Goodness-of-fit 0.986

Apmax (€ A~ 0.42

Apmin (€ A~ -0.74

synthetic ZnS for Zn, and synthetic PtSe; for Se. The crystal frag-
ment was found to be homogeneous within analytical uncertainty.
The average chemical compositions (5 analyses on different spots),
together with ranges of wt. % of elements, are reported in Table 1.
On the basis of 2 Te atoms, the chemical formula for henryite can be
written as (Cuyg91Ag1.47F€0.02)s—3.40Te, or, according to the revised

Fig. 1. The crystal structure of henryite down [001] (perspective view). Black and
white spheres indicate Te and (Ag,Cu) atoms, respectively. The unit-cell is outlined.

chemical formula obtained on the basis of the structural results (see
below), (Cu,Ag)s.xTe, with x = 0.40.

2.2. Single-crystal X-ray diffraction and structure solution and
refinement

A small crystal fragment (55 x 75 x 80 pm) was selected for the
single-crystal X-ray diffraction study. The intensity data collection
(see Table 2 for details) was carried out by means of an Oxford
Diffraction Xcalibur 3 single-crystal diffractometer (X-ray radiation
MoKa, A = 0.71073 A) fitted with a Sapphire 2 CCD detector. A total
of 602 frames of data were collected at room temperature as 8 sets
of omega runs with an exposure time of 60 s per frame and a frame
width of 1.00°. This afforded an overall data collection of 7938 re-
flections (168 unique). The refined cubic unit-cell parameters are
a = 12.1987(5) A, and V = 1815.3(2) A3, which are in good agree-
ment to those found by Criddle et al. [1] [a = 12.20(2) A,
V = 1815.8(3.9) A3].

Data frames were processed using the CrysAlis software package
[13] running on the Xcalibur 3 control PC. The program ABSPACK
[13] was used for the absorption correction. The merging R for the
data set decreased from 0.160 before the absorption correction to
0.031 after this correction. The observed reflection conditions,
together with the statistical tests on the distribution of |E| values
that strongly indicated the presence of an inversion centre
(JE% — 1] = 0.968), pointed unequivocally to the choice of the space
group Fd3 c. The structure solution was then initiated in this space
group. The positions of the atoms were determined by means of
direct methods [14]. The program SHELXL [14]| was used for the
refinement of the structure. Neutral scattering curves for Ag and Te
were taken from the International Tables for X-ray Crystallography
[15]. The occupancy of all sites was left free to vary (Ag vs. vacancy

Table 3

Atoms, Wyckoff positions, fractional atomic coordinates and atomic displacement parameters (A2) for the selected henryite crystal.
Atom Wyckoff x[a y/b z[c Uy Usp Us3 Uiz U Uz Ueq
M1 16a 1/8 1/8 1/8 0.063(3) Upq Uiy 0 0 0 0.063(3)
M2 48d 7/8 1/8 1/8 0.065(3) 0.063(3) Uz 0 0 0 0.064(3)
Te 32c 0 0 0 0.068(3) Upq Uiy —0.0010(1) Uz Uz 0.068(3)
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