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Abstract. Keutschite, Cu2AgAsS4, is a new mineral from the Ag–Pb–Zn deposit at Uchucchacua, Oyon Dis-
trict, Catajambo, Lima Department, Peru. The mineral occurs as metallic, highly lustrous, blocky, free-standing
crystals measuring up to 3 mm. These crystals exhibit a grey colour with a slight green-brassy tint and a grey-
black streak, and they are present on both manganoquadratite and proustite. It was observed that keutschite was
brittle, and no fractures or cleavages were identified. In plane-polarised light, keutschite exhibits a grey hue de-
void of any discernible internal reflections. It demonstrates a minimal manifestation of pleochroism and exhibits
a negligible degree of bireflectance. Between crossed polars, the mineral is weakly anisotropic with rotation
tints in shades of greenish grey to grey. Reflectance measurements in air yield the following Rmin/Rmax val-
ues for wavelengths recommended by the Commission on Ore Mineralogy of the International Mineralogical
Association: 25.2/26.1 (470 nm), 29.6/29.4 (546 nm), 29.4/29.2 (589 nm), and 28.5/28.6 (650 nm).

Keutschite crystallises in a tetragonal geometry and is classified as space group I42m.
The unit cell parameters are as follows: a = 5.5834(15), c = 10.021(3) Å, V = 312.40(14) Å3, a : b : c = 1 :

1 : 0.897, and Z = 2. The crystal structure was refined to R1 = 0.0199 for 286 reflections with I>3σ (I ). The
structure of keutschite is derived from that of sphalerite by ordered substitution of Zn atoms, analogous to the
substitution pattern for deriving stannite from sphalerite. The crystal structure of the mineral can be derived
from that of luzonite through the complete substitution of one of the two copper sites with silver. The five
strongest intensities in the X-ray powder diagram are [d in Å (intensity) hkl]: 3.101 (100) 110; 2.792 (11)
200; 1.974 (20) 220; 1.665 (34) 204; and 2.846 (27) 312. The chemical formula, as determined by electron
microprobe analysis, is Cu2.05Ag0.96(As0.95Sb0.04)60.99S4.00 (based on eight atoms). The ideal formula, derived
from the crystal structure, is Cu2AgAsS4. The name honours Frank Keutsch (born 1971) for his contribution to
the mineralogy of the Uchucchacua deposit.
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1 Introduction

It has been determined that there is a multitude of minerals
that are characterised by MI

2MIMVS4 composition and that
are derived from the sphalerite structure through ordered sub-
stitution of Zn (Bonazzi et al., 2003). These include the iso-
typic luzonite (Cu2CuAsS4)–famatinite (Cu2CuSbS4) series
(LF series, space group I42m). Enargite (Cu2CuAsS4) is a
polymorph of luzonite and is derived from the wurtzite struc-
ture by ordered substitution of Zn. Furthermore, there are
several minerals belonging to the MI

2MIIMIVS4 group that
are closely related to the LF series. These minerals can be
classified into two subgroups: the stannite subgroup (space
group I42m), which consists of Cu2FeSnS4, and the kësterite
subgroup (space group I), which consists of Cu2ZnSnS4. The
two subgroups are characterised by two distinct but closely
related patterns of ordered substitution of the Zn atoms in
sphalerite. In the stannite subgroup minerals, which are more
closely related to the LF series, (001) layers of Zn atoms are
substituted by layers of Cu atoms which alternate with layers
in which Zn atoms are substituted by ordered (MII

+MIV)
atoms. By contrast, in luzonite and famatinite, the ordered
(MII
+MIV) is replaced by ordered (Cu+As) or (Cu+Sb)

substitution. To the best of the author’s knowledge, no min-
erals have previously been described in which the Cu in this
position is replaced by another metal. Lastly, in agmantinite,
Ag2MnSnS4, which is the only known MI

2MIIMIVS4 mineral
derived from the wurtzite structure, layers of Zn atoms are
substituted by layers of Ag atoms in alternation with those
occupied by ordered (Sn+Mn) atoms (Bonazzi et al., 2003).

This paper presents a comprehensive account of the occur-
rence, physical properties, and crystal structure of keutschite
(Cu2AgAsS4), a mineral that represents the first occurrence
of a MI

2MIMVS4 composition with two different metals for
MI. The mineral was discovered in a sample extracted from
the alabandite zone of the Ag–Pb–Zn-deposit at Uchuccha-
cua, Oyon District, Lima Department, Peru.

The mineral was named in honour of Frank Keutsch (born
1971) for his significant contributions to the mineralogy of
the Uchucchacua deposit. He first brought attention to this
mineral during his study of the alabandite zone of the de-
posit. Frank Keutsch has been instrumental in the discovery
and description of several minerals from this locality, includ-
ing manganoquadratite, menchettiite, agmantinite, spryite,
hyršlite, ramosite, and oyonite. He also identified, for the first
time at this site, the presence of argyrodite, billingsleyite,
canfieldite, diaphorite, ferdowsiite, metastibnite, pirquitasite,
smithite, stannite, stephanite, and trechmannite. The new
mineral and mineral name have been approved by the Com-
mission on New Minerals, Nomenclature and Classification,
IMA (2014-038). The holotype material has been deposited
in the reference collection of the Naturhistorisches Museum
Wien, Wien, Austria, specimen no. N 9736, and part of the
specimen used for this study was deposited in the collec-
tion of the Mineralogical & Geological Museum Harvard,

no. 2017.13.10, and another part (Fig. 1) was deposited in
the Frank Keutsch collection.

2 Occurrence and physical properties

The sample containing keutschite was identified during
an investigation into the mineralogy of the Uchucchacua
polymetallic deposit. This investigation focused on a par-
ticular zone (Socorro section of the mine), which was
characterised by high concentrations of Ag and Mn and
was distinguished by the presence of alabandite and sil-
ver minerals. The Uchucchacua ore deposit is of par-
ticular interest due to the fact that it serves as the
type locality for seven Mn-bearing sulfides and/or sul-
fosalts: benavidesite, Pb4MnSb6S14 (Oudin et al., 1982);
uchucchacuaite, AgPb3MnSb5S12 (Moëlo et al., 1984);
manganoquadratite, AgMnAsS3 (Bonazzi et al., 2012);
menchettiite, AgPb2.40Mn1.60Sb3As2S12 (Bindi et al., 2012);
oyonite, Ag3Mn2Pb4Sb7As4S24 (Bindi et al., 2018); agman-
tinite, Ag2MnSnS4 (Keutsch et al., 2019); and ramosite,
Pb25.7Sn8.3Mn3.4Sb6.4S56.2 (Keutsch et al., 2020). It is
also the type locality for seven Ag minerals, with ag-
mantinite, Ag2MnSnS4 (Keutsch et al., 2019), and spryite,
Ag8(As3+,As5+)S6 (Bindi et al., 2017), in addition to the
five Ag minerals listed above. Geological and metallogenetic
data relevant to the Uchucchacua deposit district have been
reported by Oudin et al. (1982).

The sample utilised for description consists predominantly
of alabandite and Mn-bearing calcite with associated crystals
of manganoquadratite, proustite, and billingsleyite, as well as
massive diaphorite and seligmannite-bournonite. Keutschite
occurs as rare metallic, highly lustrous, blocky, free-standing
crystals up to 3 mm that have a grey colour with a slight
green-brassy tint on manganoquadratite and proustite crys-
tals (Fig. 1).

Keutschite displays metallic lustre and a black streak and
is non-fluorescent. The mineral has a Mohs hardness of 4–
5, a VHN25 range of 352–380, and a mean of 368 kg mm−2.
Keutschite is brittle, and neither fracture nor cleavage was
observed. It was not possible to measure the density due to
the limited size and material available. The density was there-
fore calculated using the empirical formula and X-ray single-
crystal data, yielding a result of 4.663 g cm−3.

In plane-polarised incident light, keutschite exhibits a grey
hue without any discernible internal reflections. It demon-
strates a minimal manifestation of pleochroism and exhibits
a negligible degree of bireflectance. Between crossed polars,
the mineral exhibits a minimal degree of anisotropy, mani-
festing rotation tints in shades of greenish grey to grey. Re-
flectance data over the range of 400 to 700 nm were obtained
in air using a Zeiss Axiotron microscope. A Crystal Struc-
tures (Lanham) superstage was employed to level the spec-
imen and standard prior to measurement with a J&M Tidas
diode array spectrometer.
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Figure 1. Photograph of part of the type specimen that shows
keutschite crystals on proustite and manganoan calcite. The size of
the twinned crystal is 2.5 mm. Photography courtesy of Christian
Rewitzer.

Figure 2. Reflectance curves for keutschite and luzonite (Anthony
et al., 1990) in air.

The measurements were made in air relative to a Zeiss
WTiC standard using Cavendish Instruments Onyx software
at intervals of 0.823 nm from 400 to 700 nm, following the
procedure described by Stanley et al. (2002). The reflectance
data of keutschite are listed in Table 1. As illustrated in Fig. 2,
the reflectance percentages obtained for keutschite are com-
pared with those of luzonite (Cu2CuAsS4) (Anthony et al.,
1990). This highlights the weaker anisotropy and difference
in optical properties of the two minerals, which are chemi-
cally related by substitution of Cu with Ag.

Table 1. Reflectance data for keutschite, with values recommended
by the Commission of Ore Mineralogy of IMA marked in bold.

λ (nm) Rmin Rmax λ (nm) Rmin Rmax

400 26.1 26.1 560 29.7 29.4
420 24.6 24.9 580 29.5 29.3
440 23.8 24.7 589 29.4 29.2
460 24.4 25.4 600 29.3 29.1
470 25.2 26.1 620 28.9 29.0
480 26.1 26.8 640 28.6 28.7
500 28.0 28.3 650 28.5 28.6
520 29.1 29.1 660 28.3 28.5
540 29.6 29.4 680 28.2 28.6
546 29.6 29.4 700 28.2 29.3

3 Chemical composition

The chemical composition of a keutschite grain was de-
termined using wavelength dispersive analysis (WDS) by
means of a JEOL “Hyperprobe” JXA 8530F field emis-
sion gun electron microprobe (FE-EPMA) of Central Re-
search Laboratories of the Natural History Museum, Vi-
enna, employing JEOL analysis software (WDS mode,
25 kV, 20 nA, 2 µm beam diameter, count times of 10 s
in peak positions and 5 s in background positions). The
following emission lines and standards were used: AsLα
(InAs), AgLα (Ag metal), CuKα (chalcopyrite), MnKα
(hauerite), PbMα (galena), SbLα (stibnite) and SKα
(sphalerite). The chemical compositions (five analyses on
one grain) are reported in Table 2. The chemical formula,
Cu2.05Ag0.96(As0.95Sb0.04)60.99S4.00, was calculated on the
basis of eight atoms. The simplified crystal structure and
ideal formula is Cu2AgAsS4, which requires (in wt %) 29.01
Cu, 24,62 Ag, 17.10 As, and 29.28 S, for a total of 100.00.

4 X-ray crystallography and crystal structure
determination

A crystal fragment of keutschite, exhibiting an irregular
shape with dimensions of 0.118× 0.088× 0.050 mm, was
selected from the rock sample and examined using an Ox-
ford Diffraction Xcalibur E diffractometer using graphite
monochromatised Mo Kα radiation (λ= 0.7173 Å) at am-
bient temperature. The peak search and the run list optimisa-
tion, the data processing to create the list of integrated peak
intensities, the unit cell determination and refinement, the
creation of reciprocal lattice reconstructions, the multi-scan
absorption correction, and the frame scaling were all per-
formed using the CrysAlis Pro v.171.35.15 software, which
was supplied by the manufacturer. The structure was solved
by the charge flipping algorithm (Oszlanyi and Suto, 2004;
Palatinus, 2004; Oszlanyi and Suto, 2005) using the program
SUPERFLIP (Palatinus and Chapuis, 2007) and was refined
on F2 using the program JANA2006 (Petříček et al., 2006).
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Table 2. Analytical data for keutschite.

wt % Range SD Standards and lines

Min Max

Ag 23.46 23.14 23.94 0.34 metal(syn.) AgLα
Cu 29.53 29.32 29.74 0.18 chalcopyrite(nat.) CuKα
Mn 0.031 0.02 0.04 0.01 hauerite(syn.) MnKα
As 16.09 15.29 16.71 0.67 InAs(syn.) AsLα
Sb 1.20 0.48 2.14 0.84 stibnite(nat.) SbLα
Pb 0.11 0.04 0.14 0.07 galena(nat.) PbMα
S 29.06 28.80 29.11 0.15 sphalerite(nat.) SKα

Total 99.46 99.12 99.97 0.50

The empirical formula (based on 8 apfu, 4Me+ 4S) is
Cu2.00Ag0.97(As0.95Sb0.04)61.99S4.03 (6Me= 3.97).
The empirical formula (based on 4 S apfu) is Cu1.99Ag0.96(As0.95Sb0.04)61.99S4.00
(6Me= 3.95).
The empirical formula (based on 4 Me apfu) is Cu2.02Ag0.97(As0.96Sb0.04)62.00S4.05
(6Me= 4).
The crystal structure formula is Cu2AgAsS4.
The simplified formula is Cu2AgAsS4. The simplified formula is analogous to that of the
stannite (Cu2FeSnS4) group.

The crystal data and summary of parameters describing data
collection and refinement for keutschite are given in Table 3,
and full details are given in the CIF file deposited in the Sup-
plement (Files S1 and S2).

The visualisation of the Fourier electron densities con-
ducted using the VESTA program (Momma and Izumi,
2011). As illustrated in Table 4, the structure of keutschite
contains one Cu site, one Ag site, one As site, and one S site.

X-ray powder diffraction data were measured using a
RIGAKU Rapid II Powder Diffractometer with monochro-
matised Mo Kα radiation (λ= 0.71073 Å) at ambient tem-
perature. The measurement of diffraction intensities was con-
ducted on a 2D image plate detector, with an exposure time of
15 min. The diffraction data were integrated for the 2θ range
from 3 to 45° using the 2DP programme supplied by the man-
ufacturer. Intensity and dhkl were calculated using the soft-
ware Jade9 (v9.5.0, 2012) based on the structural model; only
calculated reflections with Icalc >1 are reported (if not ob-
served). Observed intensities were visually estimated. Note
that vs denotes very strong, s denotes strong, ms denotes
medium–strong, m denotes medium, mw denotes medium–
weak, and w denotes weak. The data can be found in Table 5.

5 Description of the structure and discussion

The crystal structure of keutschite (Fig. 3) is a derivative
of the cubic sphalerite, from which it can be derived by
ordered substitution of Zn. Furthermore, it is closely re-
lated to the stannite structure, from which it can be de-
rived via complete substitution of iron with silver and tin
with arsenic. In the stannite (001) layers of Zn, atoms are
substituted by alternating layers of Cu atoms and layers in
which Zn atoms are substituted by ordered (Fe+Sn) atoms.

Table 3. Details of data collection and refinement.

Crystal data

X-ray formula Cu2AgAsS4
Space group I42m (no. 121)
Unit cell a [Å] 5.5834(15)
c [Å] 10.021(3)
Cell volume [Å3] 312.40(14)
Z 2
Densitycalc (g cm−3) 4.66
Crystal size [mm3] 0.118× 0.088× 0.050
Crystal colour Grey
Crystal habit Irregular

Data collection and refinement

Radiation source, λ (Å) MoKα [0.71073]
Data collection temperature (K) 293(2)
Absorption coef. [mm−1] 16.305
Absorption correction Multi-scan
2θmin, 2θmax 7.28, 64.27
Number of reflections 1490
Unique refl. [I>3σ (I ), all] 286, 308
Refinement method F2

Rint [I>3σ (I ), all] 2.62, 2.63
Number of parameters 15
R [I>3σ (I )], Rw [I>3σ (I)] 1.99, 4.61
R [all], Rw [all] 2.17, 4.78
S [I>3σ (I ), S(all)] 1.05, 1.05
1ρmax, 1ρmin(e Å−3) 0.37, −0.61
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Table 4. Final atom coordinates and Ueq values (Å2).

Atom x/a y/b z/c Ueq

Cu 0 0.5 0.75 0.024
Ag 0 0 0.5 0.032
As 0 0 0 0.009
S 0.77733(13) 0.77733(13) 0.86852(10) 0.014

Table 5. Measured and calculated X-ray powder diffraction data,
with bold indicating the five most intense lines.

dmeas Im Irel dcalc/Å h k l

1.8 3.9481 1 1 0

3.09 vs 100 3.1011 1 1 2

1.4 2.8665 1 0 3

2.79 ms 11.4 2.7917 2 0 0

4 2.5053 0 0 4

1.2 2.4387 2 0 2

2.422 w 2.2 2.4229 2 1 1

1.966 s 20.4 1.974 2 2 0

1.864 s 34.2 1.8646 2 0 4

1.659 s 27.2 1.6653 3 1 2

1.548 m 3.7 1.5505 2 2 4

10.1 1.5382 1 1 6

5.3 1.3959 4 0 0

1.270 m 4.3 1.2728 3 3 2

1.8 1.2526 0 0 8

1.246 mw 1.7 1.2485 4 2 0

1.4 1.2194 4 0 4

1.214 m 7 1.2133 3 1 6

1.115 m 7.6 1.1174 4 2 4

1.068 m 3.7 1.0697 5 1 2

1.058 m 3.1 1.0577 2 2 8

1.031 w 1.7 1.0337 3 3 6

0.983 w 1.1 0.9713 1 1 10

0.939 w 1.9 0.9405 5 3 2

0.933 w 1.5 0.9323 4 0 8

Figure 3. The crystal structure of keutschite: downward, as seen
on b, and slightly oblique, as seen on c. Grey shows Ag sites, blue
shows Cu sites, green shows As sites, and yellow shows S sites.

Analogously to stannite, keutschite features alternating lay-
ers of Zn atoms that are substituted by layers of Cu atoms
and layers in which Zn atoms are substituted by ordered
(Ag+As) atoms. These substitutions proceed on alternat-
ing (001) cation levels. The substitution process results in
the formation of a tetragonal unit cell and an increase in unit
cell dimensions compared to the corresponding dimensions
in sphalerite. The corresponding dimensions in sphalerite are
a, b = 5.41 Å and c = 10.82 Å, whereas those in keutschite
are a, b = 5.5834 and c = 10.021 Å. Compared to stannite,
the larger size of the silver cation in the ordered Ag–As layer
results in an increase in a and b in keutschite. The trend in
(a+ b)>c increases from famatinite to keutschite, (famati-
nite: a+ b = 10.77 and c = 10.75 (Garin and Parthé, 1972);
luzonite: a+b = 10.66 and c = 10.57 (Marumo and Nowaki,
1967); stannite: a+b = 10.90 and c = 10.73 (Bonazzi et al.,
2003); keutschite, a+ b = 11.16 and c = 10.02). In general,
keutschite demonstrates a greater deviation from the ideal
formula of c = a+ b compared to the other minerals under
consideration. As is the case in stannite, in keutschite, the
metal cations are tetrahedrally surrounded by sulfur.

The mineral is added to the list of Ag-bearing minerals
described from the Uchucchacua deposit. Furthermore, the
study of the alabandite zone revealed the presence of addi-
tional minerals that are either chemically or structurally re-
lated to keutschite, including agmantinite, pirquitasite, stan-
nite, and kësterite. The Uchucchacua deposit is unusual for
the occurrence of rare Ag-bearing minerals that were either
first discovered or have only been identified there, namely
keutschite, uchucchacuaite, manganoquadratite, menchetti-
ite, spryite, oyonite, and agmantinite, as well as other Ag
minerals discovered elsewhere but that are only known from
a few locations, such as argyrodite, canfieldite, ferdowsiite,
pirquitasite, smithite, and trechmannite. Keutschite has since
been described at two different locations: the Clara mine in
Germany (Kolitsch et al., 2019) and the Săcărâmb ore de-
posit in Romania (Dincă et al., 2025). A mineral with a
similar composition to that of keutschite was described by
Shimizu et al. (1999) as an Ag-bearing luzonite from the
Toya-Takarada mine in Japan without further description.
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