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 1 INTRODUCTION

The Aїt Ahmane cobalt deposit (Ni, Ag, and Au are
by�products) is located in the eastern part of the Bou
Azzer ore district situated in the central Anti�Atlas in
Morocco. The Bou Azzer deposits attributed to pluto�
nogenic hydrothermal arsenopyrite–glaucodot–
cobaltite assemblage are confined to the contact
between hydrothermally altered serpentinite and host
rhyolite along the Main Fault of the Anti�Atlas
(Boroshanskaya et al., 1981).

The unusual mineral diversity of this ore district is
largely related to he pronounced supergene zone of the
primary arsenide ore. Two hundred fifteen mineral
species have been identified therein. All six new min�
eral species discovered in Bou Azzer belong to arsen�
ates. These are irhtemite, arhbarite, nickelaustinite,
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wendwilsonite, bouazzerite, and maghrebite (Favreau
et al., 2007). Nickeltalmessite, a new member of the
fairfieldite group, described in this paper, is an arsen�
ate as well. The mineral is named by analogy with iso�
structural talmessite, emphasizing its compositional
feature (significant prevalence of Na over Mg).

The type material of nickeltalmessite is deposited
at the Fersman Mineralogical Museum, Russian
Academy of Sciences, Moscow, Russia, registration
number 3750/1; and in the Mineralogical Collection
of Technische Universität Bergakademie Freiberg,
Germany, inventory number 82195.

MODE OF OCCURRENCE 
AND PHYSICAL PROPERTIES

Nickeltalmessite was identified in the dump of the
Aїt Ahmane Mine, Bou Azzer ore district. The new
mineral occurs as apple green spheroidal aggregates up
to 0.5 mm in diameter composed of small (up to 10 ×
10 × 20 μm) split crystals (Fig. 1). Other supergene Ni

Nickeltalmessite, Ca2Ni(AsO4)2 ⋅ 2H2O, a New Mineral Species
of the Fairfieldite Group, Bou Azzer, Morocco1

N. V. Chukanova, A. A. Mukhanovab, S. Möckelc, D. I. Belakovskyd, and L. A. Levitskayae

a Institute of Problems of Chemical Physics, Russian Academy of Sciences, Chernogolovka, Moscow oblast, 142432 Russia
b Institute of Experimental Mineralogy, Russian Academy of Sciences, Chernogolovka, Moscow oblast, 142432 Russia

c Alpha�Geophysik, Neudorferstrasse 18, Gotthelffriedrichsgrund, 09629 Germany
d Fersman Mieralogical Museum, Russian Academy of Sciences, Leninskii pr. 18�2, Moscow, 119071, Russia

e Institute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry, Russian Academy of Sciences, Staromonetny 
per. 35, Moscow, 119017, Russia

Received March 14, 2009

Abstract—Nickeltalmessite, Ca2Ni(AsO4)2 ⋅ 2H2O, a new mineral species of the fairfieldite group, has been
found in association with annabergite, nickelaustinite, pecoraite, calcite, and a mineral of the chromite–
manganochromite series from the dump of the Aїt Ahmane Mine, Bou Azzer ore district, Morocco. The new
mineral occurs as spheroidal aggregates consisting of split crystals up to 10 × 10 × 20 μm in size. Nickeltalm�
essite is apple green, with white streak and vitreous luster. The density measured by the volumetric method is
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minerals (nickelaustinite, annabergite, and peco�
raite), calcite, and relics of the mineral attributed to
the chromite–manganochromite series are associated
with nickeltalmessite. Some spherulites of nickeltalm�
essite contain nickelaustinite as inclusions (Fig. 2).

The new mineral is brittle; the Mohs hardness is about
4. Cleavage is perfect parallel to {010}. The density mea�
sured by the volumetric method is 3.72(3) g/cm3; the
calculated density is 3.74 g/cm3.

The new mineral is colorless in transmitted light
under a microscope, biaxial, positive: α =1.715(3),
β = 1.720(5), γ = 1.753(3), 2Vmeas = 80(10)°, 2Vcalc =
60.4°. The angle between axis X and elongation of sep�
arate crystals is 25°. Dispersion and twinning are not
observed.

The wavenumbers of absorption bands in the IR
spectrum of nickeltalmessite and their assignment are
as follows (cm–1; s is strong band; w is weak band; sh is
shoulder; Fig. 3a): 3100sh and 2885s (O–H stretching
vibrations); 2410, 2300sh, and 1760w (vibrations of
acid OH groups); 1540 (bending vibrations of H2O
molecules); 977, 910sh, 865s, 844s, and 803s (stretch�

ing vibrations of As  ions); 530w and 434s (bending

vibrations of As  ions, Ni–O stretching vibrations,
and librational vibrations of H2O molecules). Rela�
tively weak bands of acid groups (in the range of 1700–
2500 cm–1) have been identified in the IR spectra of all
fairfieldite�group minerals (Fig. 3b, 3c). It has been
suggested that strong hydrogen bonds formed in the
minerals by water molecules give rise to partial proton�
ization of arsenate anions in compliance with acid–base

equilibrium (Pekov et al., 2001): H2O + As  

OH– + HAs

O4
3–

O4
3–

O4
3–

O4
2–

.

Thermogravimetric data were obtained with an
ATV�10 thermobalance. As a result of heating of the
mineral in vacuum from 24 to 500°C at a constant rate
of 4 °C/min, weight loss is 8.03 wt %.

CHEMICAL COMPOSITION

The chemical composition was determined with a
Tescan Vega II XMU SEM equipped with an INCAx�
site EDS operating at 20 kV on a tungsten cathode,
current 0.3 nA on Co, takeoff angle 35°, and a distance
between sample and detector of 25 mm. The chemical
composition (average of five�point analyses) is given in

0.2 mm

Fig. 1. Aggregate of nickeltalmessite

200 μm

13

8

9

12
10

11

Fig. 2. Nickelaustinite cores (points 8, 9, 10, 11) in aggre�
gate of nickeltalmessite (12, 13). BSE image.

Table 1. Chemical composition of nickeltalmessite, wt %

Component Average content Range Standard

CaO 25.92 25.50–26.33 Wollastonite

MgO 1.23 0.74–1.73 MgO

CoO 1.08 0.49–1.75 Co

NiO 13.01 11.59–14.74 Ni

As2O5 52.09 51.88–52.69 InAs

H2O 7.8(1)

Total 101.13
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Table 1. Water content was measured by the Alimarin
method in an oxygen flow at 1000°C using absorbing
tubes filled with burnt Mg(ClO4)2. The empirical for�
mula calculated on the basis of (AsO4)2 is
Ca2.04(Ni0.77Mg0.13Co0.06)Σ0.96 (AsO4)2.00 ⋅ 1.91H2O. A
similar formula was calculated on the basis of ten oxy�
gen atoms: Ca2.057(Ni0.775Mg0.136Co0.064)Σ0.975

(AsO4)2.007 ⋅ 1.926H2O. The simplified formula is
Ca2Ni(AsO4)2 ⋅ 2H2O. The composition calculated
from this formula is as follows, wt %: 24.77 CaO, 16.50
NiO, 50.77 As2O5, 7.96 H2O; the total is 100.00.

The compatibility of chemical composition, opti�
cal parameters, and density is good: 1 – (Kp/KC) =
~0.015 (for calculated density) and 1 – (Kp/KC) =
⎯0.029 (for measured density).

CRYSTALLOGRAPHY

X�ray single crystal study was unsuccessful because
of the small size and block structure of individual crys�
tals.

X�ray powder diffraction pattern of nickeltalmes�
site was recorded with a Rigaku D/MAX�2200 diffrac�
tometer, CuKα1 radiation (Table 2). According to the
strongest reflections, the mineral is close to other fair�
fieldite�group members. In analogy to other minerals
of this group, the probable space group of the new

mineral is P1 or P

The unit�cell dimensions of the triclinic lattice of
nickeltalmessite refined from the X�ray powder dif�
fraction pattern are: a = 5.858(7), b = 7.082(12), c =

1.
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Fig. 3. IR spectra: (a) nickeltalmessite, (b) talmessite, and (c) roselite�beta.
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5.567(6) Å, α = 97.20(4), β = 109.11(5), γ =
109.78(5)°, V= 198.04 Å3, Z = 1.

DISCUSSION

The results of investigation show that nickeltalmes�
site is a Ni�dominant arsenate member of the fairfield�
ite group (Table 3) and an arsenic analogue of cassidy�
ite Ca2Ni(AsO4)2 ⋅ 2H2O. The minerals of the talmes�
site–roselite�beta isomorphic series, including Ni�
bearing varieties, are abundant in the Bou Azzer ore
district (Permingeat, 1956; Cesbron et al., 1972; Pekov
et al., 2001; Favreau et al., 2007). Earlier, the highest
Ni content (7.3 wt % NiO corresponding to atomic
ratio Ni : Mg = 0.8) was identified in a talmessite sam�
ple of the Aghbar Mine (Cesbron et al., 1972).

The crystal chemistry of fairfieldite�group minerals
has been studied in detail (Fanfani et al., 1970; Catti�
etal., 1977; Keller et al., 1981; Yakubovichetal., 2003).
In the structures of these minerals, Ca atoms occupy
independent sites with coordination number 8. Dis�
torted PO4 or AsO4 tetrahedrons are vertex�shared
with MO6 octahedrons, where M represents divalent
cations with an ionic radius of 0.80 ± 0.06 Å (Mg, Mn,
Fe, Co, Ni, or Zn).

Two vertices of each MO6 octahedron are occupied
by H2O molecules forming strong hydrogen bonds
with oxygen atoms in the pendant of tetrahedron ver�
tices. It is evident that these hydrogen bonds give rise
to partial protonization of the AsO4 groups recorded in
the IR spectra of arsenate members pertaining to the
fairfieldite group.

Thus, the crystal structure of fairfieldite�group
minerals predetermines a wide range of isomorphic
substitutions of M�cations. The prevalence of a partic�
ular cation in the mineral is related not so much to
crystallochemical causes as to mineral�forming condi�
tions. Obviously, in Bou Azzer primary ore minerals,
largely arsenides (skutterudite� and löllingite�group
minerals, safflorite, and clinosafflorite (Borishanskya
et al., 1981)), were a source of Ni for nickeltalmessite
and Ni�bearing varieties of talmessite and roselite�
beta. In general, the deposits of this region are clearly
specialized in cobalt: the annual cobalt production is
10–12 times higher than that of nickel as a by�prod�
uct. Local Ni concentrations, however, are rather high
as a result of later�stage ore deposition. Elevated Ni
contents have been noted in the eastern Bou Azzer,
where the Aїt Ahmane Mine is located (Favreau et al.,
2007) and in the central part of this ore district. Nick�
eline, pararammelsbergite, and gersdorffite (the latter

Table 2. X�ray powder diffraction data on nickeltalmessite

Imeas, % dmeas,  Å dcalc,  Å hkl Imeas, % dmeas,  Å dcalc,  Å hkl

18 6.38 6.42 010 20 2.439 2.437 0.21

27 5.05 5.07, 5.06 001, 100 7 2.339 2.342 1  0

19 4.62 4.62, 4.61 0 1,  01 21 2.162 2.160  2

9 4.36 4.37 110 19 2.128 2.125 2 1

7 4.00 3.99 11 19 2.105 2.109 2 0

43 3.57 3.55 011 24 2.077 2.084 210

18 3.42 3.41 1 0 17 2.020 2.020 22

58 3.358 3.368 110 19 1.897 1.897 21

16 3.295 3.300 1 1 10 1.782 1.774 022

100 3.202 3.212 020 39 1.714 1.714 31

5 3.118 3.113 0 1 15 1.602 1.606 040, 2

64 3.099 3.113 0 1 18 1.587 1.586 3 1

60 2.813 2.809 1 1 16 1.543 1.544, 1.541 3, 0

68 2.772 2.767 10 14 1.461 1.461 122, 22

20 2.587 2.588 2 14 1.404 1.405, 1.404, 1.403 42, 31, 1 1

14 2.506 2.491 2 12 1.350 1.349 4 0

3

1 1 1 2

2

1 3

2 1

3

1

3

2 3 1

2 2

2 2 2 3 3

2 3

1 1 2 4 5

1 1 1
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occurs as crystals up to 4 cm in size in the Aїt Ahmane
Mine) are characteristic minerals of this stage.
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