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aBStRaCt

Montetrisaite, a new hydroxy-hydrated copper sulfate mineral species from Monte Trisa, Torrebelvicino, Vicenza, in Italy, 
has chemical formula Cu6(SO4)(OH)10•2H2O. It is associated with galena, sphalerite, chalcopyrite, cerussite, anglesite, goethite, 
langite, posnjakite, linarite and redgillite. The crystals are blue, vitreous, transparent, striated vertically, with a cleavage, {001}. 
The diffraction pattern shows strong reflections pointing to an orthorhombic unit-cell with a 2.989(2), b 16.970(5), c 14.812(4) 
Å, space group Cmc21, Z = 2. The strongest reflections [d in Å(Irel)(hkl)] are: 7.45(100)(002), 3.73(35)(004), 2.788(18)(061), 
2.503(14)(132) and 1.595(20)(175). In addition, very weak and diffuse reflections occur, which point to a monoclinic cell with 
a doubled a parameter. The crystal structure is built up of layers of edge-sharing Jahn–Teller-distorted Cu-centered octahedra, to 
which single SO4 groups are connected on one side. Between the layers, H2O molecules are located, and the layers are connected 
through hydrogen bonds. The refined average structure shows sulfate groups and H2O molecules in both their statistically possible 
positions; in the real structure, however, only one half of those positions can be really occupied. The new mineral is structurally 
related to posnjakite, wroewolfeite, langite, and spangolite. On the other hand, its structure is significantly different from that of 
redgillite Cu6(SO4)(OH)10•H2O, which has a very similar chemical formula.
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SommaIRE

La montetrisaïte, nouvelle espèce minérale découverte à Monte Trisa, Torrebelvicino, Vicenza, en Italie, est un sulfate de 
cuivre hydroxy-hydraté ayant la formule chimique Cu6(SO4)(OH)10•2H2O. Lui sont associé galène, sphalérite, chalcopyrite, 
cérussite, anglésite, goethite, langite, posnjakite, linarite et redgillite. Les cristaux sont bleus, d’aspect vitreux, transparents, avec 
stries verticales et un clivage, {001}. Le spectre de diffraction X montre des réflexions intenses indiquant une maille orthorhom-
bique, a 2.989(2), b 16.970(5), c 14.812(4) Å, groupe spatial Cmc21, Z = 2. Les raies les plus intenses [d en Å(Irel)(hkl)] sont: 
7.45(100)(002), 3.73(35)(004), 2.788(18)(061), 2.503(14)(132) et 1.595(20)(175). De plus, nous observons des réflexions floues 
de très faible intensité qui semblent indiquer une maille monoclinique ayant un paramètre a doublé. La structure contient des 
couches d’octaèdres à Cu à arêtes partagées, rendus difformes à cause de l’effet de Jahn–Teller, auxquelles sont rattachées d’un 
côté des groupes isolés de SO4. Les molécules de H2O logent entre ces couches, qui sont alors liées par liaisons hydrogène. La 
structure moyenne affinée montre des groupes sulfate et des molécules de H2O occupant deux positions statistiquement possibles, 
quoiqu’en réalité, seulement la moitié de ces positions ne pourrait être occupée. Du point de vue structural, la nouvelle espèce a 
des points communs avec posnjakite, wroewolfeite, langite, et spangolite. En revanche, sa structure diffère de façon importante 
de celle de la redgillite, Cu6(SO4)(OH)10•H2O, qui possède une formule chimique très semblable.

(Traduit par la Rédaction)

Mots-clés: montetrisaïte, sulfate de cuivre hydroxy-hydraté, structure moyenne, mont Trisa, Vicenza, Italie.
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INtRoDuCtIoN

Montetrisaite, a new hydroxy-hydrated oxysalt 
of copper having the chemical formula Cu6(SO4)
(OH)10•2H2O, is a recently discovered mineral found 
at Monte Trisa, Vicenza, Italy, and named after the 
type locality. Both the mineral and the mineral name 
have been approved by the Commission on New 
Mineral, Nomenclature and Classification of the IMA 
(No. 2007–009). The type material is deposited at 
the Museo di Storia Naturale e del Territorio of the 
University of Pisa at Calci, Pisa, Italy, catalogue no. 
18900. According to the Dana classification (Gaines et 
al. 1997), the mineral belongs to type 31.2 [hydrated 
sulfates containing hydroxyl or halogen, general 
formula (A+,B2+)6(XO4)Zq•x(H2O)]. According to the 
Strunz classification (Strunz & Nickel 2001), it belongs 
to the 7.DD subgroup (sulfates with additional anions, 
with H2O, with only medium-sized cations, and sheets 
of edge-sharing octahedra).

Montetrisaite occurs within old drifts of the mining 
concession Lombardo, near the Veneziana mine, at 
Monte Trisa, within a porous altered basic volcanic rock 
associated with kaolinite. Other associated minerals are 
galena, sphalerite, chalcopyrite, cerussite, anglesite, 
goethite, langite, posnjakite, linarite and redgillite. 
Montetrisaite appears to be a product of oxidation of 
sulfide minerals such as chalcopyrite, pyrite, sphalerite 
and galena.

aPPEaRaNCE aND PhySICal PRoPERtIES

The morphology of the montetrisaite crystals is 
evident in the SEM photograph (Fig. 1). They are 
minute (0.2 3 0.015 3 0.003 mm), striated vertically, 

with a tabular (001) and elongate [100] habit. Owing 
to the thinness of the crystals, only {010} striated faces 
were observed. Macroscopically, the crystals are blue, 
vitreous, and transparent. Montetrisaite is brittle, with 
a conchoidal fracture, and shows Mohs hardness of 2 
to 3.

Optical data were collected on a very small platy 
(001) crystal only. During the optical determination, 
the crystal split into many very thin fibers, too small 
to be used again for other measurements. Montetri-
saite is biaxial, with a 1.584(4) parallel to a, and g 
1.65 parallel to b. The axial plane is orthogonal to c. 
It shows pleochroism, very pale blue parallel to b and 
blue parallel to a.

ChEmICal Data

The chemical analyses of montetrisaite were carried 
out with an ARL–SEMQ electron microprobe (WDS–
EPMA) at the University of Modena and Reggio Emilia 
(Italy). The results for five analyzed points are reported 
in Table 1. The operating conditions were as follows: 
voltage 15 kV, beam current 20 nA, beam diameter 20 
mm. We used as standards: brass for Cu and Zn, Cu94Sn6 
for Cu, cerussite for Pb, and synthetic barite BaSO4 
for S. The SEM–EDS qualitative chemical analyses 
showed the absence of other elements with an atomic 
number greater than 4; the absence of CO3 groups was 
confirmed also by IR spectroscopy. The H2O content 
was calculated by assuming ten hydroxyl groups and 
two H2O molecules per formula unit, as indicated 
by the structural refinement. The empirical formula, 
calculated on the basis of 6 (Cu + Zn), is Cu5.97Zn0.03 
(SO4)0.93(OH)10.00•2H2O, which can be simplified to 
Cu6(SO4)(OH)10•2H2O. This formula is very similar to 

FIg. 1. SEM photograph of montetrisaite.
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the chemical formula of redgillite Cu6(SO4)(OH)10•H2O 
(Pluth et al. 2005).

x-Ray CRyStallogRaPhy

Rotation and Weissenberg photographs indicated 
that montetrisaite is orthorhombic, with cell dimensions 
a � 2.95 Å, b � 16.95 Å, c � 14.80 Å; they suggest 
a C-centered lattice. The a parameter is shorter than 
any cell parameter of other hydroxyl-hydrated copper 
sulfates, and could suggest that the proposed unit-cell 
is actually a subcell; however, no superstructure reflec-
tions were observed, even in long-exposure rotation and 
Weissenberg photographs.

Powder-diffraction data collected with a Gandolfi 
camera (diameter 114.6 mm, CuKa radiation, l = 
1.54178 Å) are presented in Table 2. The unit-cell 
parameters refined from the powder data are: a 3.010(4) 
Å, b 17.04(2) Å, c 14.91(1) Å, V = 764(1) Å3. The 
indices have been assigned taking into account the 
intensities recorded in the structural study.

DEtERmINatIoN aND REFINEmENt  
oF thE StRuCtuRE

Owing to the very minute size of the crystals and to 
their acicular morphology (Fig. 1), it was impossible 
to select a single needle suitable for a conventional 
collection of intensity data. Therefore, a very small 

single crystal of montetrisaite (Table 3) was used 
to collect the intensity data at the X-ray Diffraction 
Beamline of the Elettra Synchrotron facility (Trieste, 
Italy). The data collection was performed by rotating the 
crystal by steps of Dw = 3° and recording the diffracted 
beams by means of a 165 mm MarCCD detector. Data 
were integrated and corrected for Lorentz, polariza-
tion, and background effects using the hkl package 
(Otwinowski & Minor 1997). The data were corrected 
for absorption effects with the program multISCaN in 
WINgx (Farrugia 1999) on the basis of the intensities 
of equivalent reflections. Additional information on the 
data collection and structure refinement can be found 
in Table 3. In the observed diffraction pattern, reflec-
tions point to an orthorhombic C-centered cell with a 
� 2.98, b � 16.9, c � 14.8 Å. Moreover, very weak and 
diffuse additional reflections were observed, suggesting 
that the real a parameter is actually doubled (Fig. 2). 
However, because of the weakness and extreme diffuse-
ness of these superstructure reflections, the diffraction 
pattern recorded was finally indexed on the basis of 
the cell with a = 2.98 Å, neglecting the weak and 
streaked reflections. The systematic absences confirm 
that the lattice is C-centered, and strongly suggest a c 
glide perpendicular to b; a sound structural model was 
finally obtained through the application of the direct 
methods (ShElxS–97, Sheldrick 1997) in the space 
group Cmc21.

The positions of three independent Cu cations and of 
six oxygen atoms were found; they form a continuous 
layer of octahedra perpendicular to c (Fig. 3). The Cu–O 
distances range from nearly 1.9 to 2.7 Å, featuring a 
typical Jahn–Teller (4 + 2) distorted octahedral coordi-
nation (Burns & Hawthorne 1996). Successive Fourier 
syntheses showed, as expected, a high degree of disorder 
with regards to the interlayer content. We interpret the 
electron-density maxima (S, O8, O9, O5) as due to a 
sulfate group and to a molecule of H2O, both of them 
with half occupancy and statistically distributed in two 
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positions within the interlayer space. The occupancy 
of the S site, as well as the occupancy of the O5, O8 
and O9 sites, was held fixed to 0.5, in agreement with 
both the results of chemical analyses (which indicate 
approximately one SO4 group per unit cell) and the 
measured electron-density at the sites. The refinement 
of the positions of the oxygen atoms O8 and O9, which 

belong to the sulfate group only, resulted in unrealistic 
S–O distances, larger than 1.7 Å. Geometrical restraints 
were then applied to the S–O bond distances. The 
oxygen atoms O1 and O3, both of them belonging to the 
layer of octahedra, show relatively high displacement 
parameters and are split in two slightly displaced sites, 
O1–O1b and O3–O3b, respectively.

Refinement was continued with anisotropic displace-
ment factors for Cu cations, and after several least-
square refinement cycles, it converged to R = 0.079 for 
716 unique reflections. The reliability index R reflects 
the poor quality of the crystal, and the difficulties in 
modeling the disordered structure. The refined coor-
dinates and displacement parameters of the atoms are 
reported in Table 4; selected bond-distances are listed 
in Table 5. The anisotropic displacement parameters for 
the copper atoms and the structure factors are available 
from the Depository of Unpublished Data on the MAC 
website [document Montetrisaite CM47_143]. The 
bond-valence calculation (Brese & O’Keeffe 1992) 

FIg. 3. Average structure of montetrisaite. The Cu-centered 
distorted octahedra are light gray, the sulfate tetrahedra 
are dark gray, and the H2O molecules are indicated by 
circles.

FIg. 2. Low-resolution portion of a diffraction pattern of 
montetrisaite, collected with a 165 mm MarCCD detec-
tor at the Elettra synchrotron facility. The white arrows 
indicate rows of very weak and streaked reflections, which 
cannot be indexed on the basis of the orthorhombic unit-
cell with a = 2.98 Å.
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reported in Table 6 gives some information about the 
nature of the anions. The occurrence of relatively short 
O…O distances (Table 7) leads us to suppose the exis-
tence of hydrogen bonds, even though the hydrogen 
atoms were not located experimentally. One of the 
possible hydrogen-bonding schemes is reported in 
Figure 4. The bond-valence sums for the anionic sites 
were corrected by taking into account the system of 
hydrogen bonds reported in Figure 4, using the quantita-
tive correlation between bond valence and bond length 
in O...O hydrogen bonds given in Ferraris & Ivaldi 
(1988). For the oxygen atoms O8 and O9, the sum of 
valences is less than the expected value of 2.00 vu. It 
is worth noting that both these anions are affected by 
disorder, and the determination of their real positions 
would require the measurement of the weak and diffuse 
reflections shown in Figure 2.

The relatively poor quality of the available crystal, 
indicated by the broadness of the reflections, as well as 
its stacking disorder, resulting in continuously streaked 
superstructure reflections (Fig. 2), prevented us from 
refining the structure at high resolution.

By taking into account the weak intensity of 
maxima along the streaked rows, a possible unit-cell 
of the ordered structure was found by the indexing 
program DENzo (Otwinowski & Minor 1997). This 
supercell is monoclinic, with parameters am 5.98, bm 
14.56, cm 8.56 Å, b 99.9°; it can be obtained from the 
orthorhombic subcell by applying the transformation 
matrix 200/001/½½0. On the basis of this unit cell and 
of crystal-chemical considerations, a structural model 
for the ordered superstructure was constructed, starting 

from the layer shown in Figure 5a, and assuming that 
the adjacent layers are stacked along [010] as shown 
in Figure 5b. The ordered structure shown in Figure 5 
presents space group P21, a maximal non-isomorphic 
subgroup of the space group Cmc21 of the average 
structure. However, probably because the superstructure 
reflections could not be reliably measured, the structural 
refinement of this structural model resulted in unrea-
sonable Cu–O and S–O distances, and we abandoned 
it. New studies on more ordered crystals are therefore 
necessary to reveal the structural details of the actual 
distribution of sulfate groups and H2O molecules in 
montetrisaite.

DESCRIPtIoN oF thE StRuCtuRE

The refined crystal structure (Fig. 3) consists of 
layers of edge-sharing Cu-centered octahedra, to which 
single SO4 groups are connected from one side. Between 
the layers, H2O molecules are located, and the layers are 
connected to each other through hydrogen bonds.

The oxygen atoms O1 and O3 are split in two slightly 
displaced sites, O1–O1b and O3–O3b, respectively, as 
suggested by their high displacement-parameters. The 

FIg. 4. Hydrogen bonding scheme for montetrisaite. The 
arrows point toward the acceptor oxygen atoms. Black, 
gray and white backgrounds indicate, respectively, H2O 
molecules, hydroxyl groups, and oxygen atoms (see 
Table 6).
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occupancy of the O1 site corresponds to the occur-
rence of a sulfate group, which shares a corner with the 
layer of octahedra through the O1 oxygen atom. The 
occupancy of the O1b site, therefore, is related to the 
presence of a H2O molecule in the O5 site; the hydroxyl 
group at O1b forms a relatively strong hydrogen bond 
with the nearby O9 oxygen atom. On the other hand, 
the occupancy of the O5 site by a H2O molecule is 
related to the presence of another H2O molecule at 
the O3b site, with the formation of a relatively strong 
hydrogen bond between them. Therefore, the sites O1 
and O3 are occupied where a sulfur atom occurs in the 
vicinity, whereas O1b and O3b are occupied where 

a H2O molecule is present. This atomic distribution 
affects the coordination of the Cu cations. As observed 
in redgillite (Pluth et al. 2005), there are three different 
Cu-centered octahedra, where the Cu atom coordinates, 
respectively, six hydroxyl groups, five hydroxyl groups 
plus a H2O molecule, or five hydroxyl groups plus an 
oxygen atom (shared with the sulfate group). In greater 
detail, the Cu1 polyhedron is either a Cu(OH)6 or a 
Cu(OH)5(H2O) octahedron, whereas Cu2 and Cu3 are 
either a Cu(OH)5O or a Cu(OH)5H2O octahedron; such 
different coordination depends on whether either O1, 
O3 or O1b, O3b sites are occupied (Tables 4, 5).

In Figure 3, the refined average structure is repre-
sented with sulfate groups and H2O molecules in both 
their statistically possible positions. The half occupancy 
of the S site implies that only every second site in the 
continuous chain is filled. As a consequence, in the 
real structure, the orientation in the (001) plane of the 
single sulfate groups can be slightly different, modi-
fying the hydrogen-bonding scheme within the layers. 
The ordered distribution of the sulfate groups along a 
could give rise to the observed doubling of the short a 
parameter, from 2.98 Å to 5.96 Å. The weakness and 
diffuseness of the superstructure reflections observed 
in the X-ray diffraction patterns (Fig. 2), on the other 
hand, indicate that each ordered mono-dimensional 
arrangement along the a direction could be only short-
range-related to the others, both in the same layer along 
b, and in different layers stacked along c.

The new mineral belongs to the hydroxy-hydrated 
copper oxysalt minerals, as classified by Eby & 
Hawthorne (1993) and Hawthorne & Schindler (2000). 
Following the notation of Eby & Hawthorne (1993), it is 
formed of M=M–T sheets and represents a new member 
of the series [6]M nTNw2n–N, with n = 6, N = 1, where in 
this case M represents copper as octahedrally coordi-
nated cations, T is the sulfate group, w represents OH–, 
H2O, plus an interlayer H2O molecule. Among all the 
possible layered structures listed in Eby & Hawthorne 
(1993), montetrisaite is structurally related to posnjakite 
(Mellini & Merlino 1979), wroewolfeite (Hawthorne 
& Groat 1985) and langite (Gentsch & Weber 1984), 
which have all n = 4, N = 1, and spangolite (Merlino et 
al. 1992, Hawthorne et al. 1993; n = 7, N = 1). All these 
phases, in fact, show sulfate groups connected only to 
one side of the layers of octahedra. On the contrary, the 
crystal structure of the mineral redgillite, despite the 
similarity of its chemical formula to that of montetri-
saite, is substantially different. The sulfate decoration of 
the layer surfaces in redgillite, in fact, is two-sided, as 
in schulenbergite (Mumme et al. 1994), and the layers 
of octahedra are corrugated, as observed in the synthetic 
compound Mg6SO2(OH)14 (Hamada et al. 1996). Struc-
tures of some of the listed phases are compared to that 
of the new mineral in Figures 6 and 7.

FIg. 5. Structural model for ordered montetrisaite, with the 
indication of the monoclinic unit-cell. (a) One of the possi-
ble ordered layers; (b) ordered stacking of the layers along 
[010]. Dark gray triangles represent sulfate tetrahedra, 
which share an oxygen atom with the Cu-centered distorted 
octahedra (light gray), whereas white circles indicate H2O 
molecules located within the layers.
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