1065
The Canadian Mineralogist
Vol. 42, pp. 1065-1078 (2004)
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ABSTRACT
Nickeloan tourmaline (up to 0.531 apfu Ni) associated with nickeloan talc (0.511–0.582 apfu Ni) or chromian muscovite is
developed in magnesite–quartz veins hosted in ultramafic talc + magnesite ± hematite ± chromian muscovite hydrothermal
alteration located in Uspenskaya Gorka, eastern flank of the Berezovskoe gold deposit, Middle Urals, Russia. The unusual Nirich composition of the silicates reflects the geochemical environment of formation. Tourmalines are represented by light and
dark green needles in aggregates up to 2 cm in length. Crystals are characterized by a strong pleochroism, from colorless to green.
Tourmaline cores associated with talc are magnesiofoitite with an elevated Na content (0.436–0.452 apfu) and a Mg/(Fetot + Mg)
value of 0.90, or dravite [Na 0.535–0.765 apfu, Mg/(Fetot + Mg) 0.87–0.88]. In the magnesiofoitite, Ni and Cr contents range from
0.060 to 0.425 apfu, and from 0.214 to 0.249 apfu, respectively. In the dravitic cores, Ni and Cr contents range from 0.077 to
0.102 apfu and from 0.000 to 0.272 apfu, respectively. Intermediate and rim zones are magnesiofoititic and dravitic [Na 0.443–
0.938 apfu, Mg/(Fetot + Mg) 0.74–0.90]. Ni and Cr contents in the same zones range from 0.020 to 0.531 apfu, and from 0.188 to
0.449 apfu. The distribution of the Mg/(Fetot + Mg) within single crystals is oscillatory. Partition coefficients for Ni and Fetot
between tourmaline and talc are 0.05 and 21.48, respectively. Tourmaline associated with chromian muscovite can be classified
as dravite (0.669–0.936 apfu Na), with Mg/(Fetot + Mg) ranging from 0.76 to 0.89. Some crystals are enriched in Cr (up to 1.564
apfu); Ni content ranges from 0.036 to 0.217 apfu. The Mössbauer study indicates that about half of the total Fe is Fe3+ in the
tourmalines. Chromium and nickel are likely derived from altered ultramafic rocks.
Keywords: nickeloan tourmaline, nickeloan talc, chromian muscovite, ultramafic talc–carbonate alteration, Berezovskoe gold
deposit, Urals, Russia.

SOMMAIRE
La tourmaline nickelifère (jusqu’à 0.531 apfu Ni) associée au talc nickelifère (0.511–0.582 apfu Ni) ou à la muscovite
chromifère s’est développée dans des veines à magnésite + quartz recoupant des zones d’altération hydrothermales ultramafiques
à talc + magnésite ± hématite ± muscovite chromifère situées à Uspenskaya Gorka, sur le flanc oriental du gisement aurifère de
Berezovskoe, dans les Ourales moyennes, en Russie. La composition inhabituellement enrichie en Ni des silicates découle du
milieu géochimique de formation. Les cristaux de tourmaline sont aciculaires et vert pâle à vert foncé, et les aggrégats atteignent
une longueur de 2 cm. Les cristaux sont fortement pléochroïques, allant d’incolores à verts. Le coeur des cristaux associés au talc
est fait de magnésiofoïtite avec une teneur élevée en Na (0.436–0.452 apfu) et une valeur Mg/(Fetot + Mg) de 0.90, ou bien de
dravite [Na 0.535–0.765 apfu, Mg/(Fetot + Mg) 0.87–0.88]. Dans la magnésiofoïtite, les teneurs en Ni et en Cr vont de 0.060 à
0.425 apfu, et de 0.214 à 0.249 apfu, respectivement. Dans la dravite, les teneurs en Ni et en Cr vont de 0.077 à 0.102 apfu et de
0 à 0.272 apfu, respectivement. Les zones intermédiaires et de bordure sont magnésiofoïtitique et dravitique, respectivement [Na
0.443–0.938 apfu, Mg/(Fetot + Mg) 0.74–0.90]. Les teneurs en Ni et en Cr des mêmes zones vont de 0.020 à 0.531 apfu, et de
0.188 à 0.449 apfu. La distribution de Mg/(Fetot + Mg) à l’intérieur de monocristaux est oscillatoire. Les coefficients de distribution du Ni et du fer total entre tourmaline et talc sont 0.05 and 21.48, respectivement. La tourmaline associée à la muscovite
chromifère serait une dravite (0.669–0.936 apfu Na), avec Mg/(Fetot + Mg) entre 0.76 et 0.89. Dans certains cas, les cristaux sont
enrichis en Cr (jusqu’à 1.564 apfu); les teneurs en Ni vont de 0.036 à 0.217 apfu. Une étude par spectroscopie de Mössbauer
montre qu’environ la moitié du fer est à l’état ferrique dans les cristaux de tourmaline. Le chrome et le nickel seraient issus des
roches ultramafiques altérées.
(Traduit par la Rédaction)
Mots-clés: tourmaline nickelifère, talc nickelifère, muscovite chromifère, altération ultramafique à talc–carbonate, gisement
aurifère de Berezovskoe, Ourales, Russie.

§

E-mail address: baksheev@geol.msu.ru

1066

THE CANADIAN MINERALOGIST

INTRODUCTION
Tourmaline is stable over a wide range of conditions
from low-temperature hydrothermal alteration to highgrade and high-pressure metamorphic environments,
and magmatic conditions. It occurs in caprocks and salt
domes (Henry et al. 1999), in granite and granite pegmatite, in the volcanic-rock-hosted massive sulfide deposits (Taylor & Slack 1984), in porphyry–copper
deposits (King et al. 2000, Lynch & Ortega 1997, Yavuz
et al. 1999), in metamorphosed stratabound Pb–Zn deposits (Slack 1996, Jiang et al. 1998), in medium-temperature hydrothermal gold (Robert & Brown 1986,
Anglin et al. 1996) and tin deposits (Kuzmin et al.
1979), in greisen deposits (London & Manning 1995),
and schist-type emerald deposits (Vlasov & Kutukova
1960, Groat et al. 2002). Substitutions are thus widespread in tourmaline-group minerals, whose structural
formula is XY3Z6[T 6O18][BO3]3V3W (Hawthorne &
Henry 1999). Nickeloan tourmalines are relatively uncommon. Most are characterized by elevated chromium
contents because of a relation to meta-ultramafic rocks
(Jan et al. 1972, Challis et al. 1995, Michailidis et al.
1995). The highest Ni contents in tourmaline, however,
have been described in metamorphosed karstbauxite in
Greece (Henry & Dutrow 2001). Nickel contents in the
tourmaline in these rocks reach 3.53 wt.% NiO.
The possibility of natural nickel-bearing tourmaline
is consistent with experimental results. Gourdant &
Robert (1997) obtained a complete solid-solution from
dravite to Ni-substituted dravite and from foitite to Nisubstituted foitite. Structurally, Ni occupies the Y octahedral sites. The ionic radii of Ni and Mg in octahedral
coordination are similar, 0.69 and 0.72 Å, respectively
(Qivx Inc. Integral Scientist Periodic Table 2003).
In this paper, we describe tourmaline with a relatively high Ni content. It occurs in quartz–carbonate
veins located in ultramafic rocks with a propylitic-type
hematite – talc – carbonate alteration in the Berezovskoe
gold deposit, Middle Urals, Russia. It is the first find of
tourmaline from altered ultramafic rocks with such high
levels of Ni, up to 3.96 wt.% NiO.

GEOLOGICAL SETTING, WALLROCK ALTERATION
AND ORE MINERALOGY
The mesothermal Berezovskoe gold deposit is located 10 km north of Ekaterinburg (Fig. 1). It occurs
within the moderately eroded Berezovskii tectonic
block, which is dominated by Lower Silurian volcanic
and sedimentary rocks. Numerous stratiform and laccolith-shaped ultramafic bodies are included in the stratigraphic unit. The stratigraphic succession and the
ultramafic bodies are cut by Lower Devonian gabbros.
The succession is gently folded, dipping to 20 to 30° to
the west and northeast. The stratigraphic unit, ultramafic rocks and gabbros are weakly metamorphosed at
greenschist-facies conditions. In the central part of the

Berezovskii block, the stratigraphic succession is intruded by adamellite of the Shartash pluton.
The numerous dikes of “plagiosyenite” porphyry,
granodiorite porphyry, plagiogranite porphyry and
lamprophyre cut both the stratigraphic unit and the pluton. The dikes extend several kilometers along strike.
Most dikes are confined to the N–S fractures that dominate within the gold field (Fig. 1). The age of the
adamellite and the dikes, estimated with K/Ar and Rb/
Sr isotopic systems, is 315 to 355 Ma (Sazonov et al.
2001), which corresponds to the Early Carboniferous.
The adamellite and the dikes are not metamorphosed.
At least three hydrothermal metasomatic associations (altered wallrock) and related quartz veins are recognized within the Berezovskoe gold deposit. The
associations are believed to be successive and related to
dikes (Sazonov 1975, Spiridonov et al. 1998). These are
barren propylite, tungsten-bearing “gumbeite” (see
below) and gold-bearing “beresite–listwanite”
(Borodaevsky & Borodaevskaya 1947, Sazonov 1975,
Spiridonov et al. 1998). The alteration assemblages
were developed in all pre-existing rocks, including
metamorphic rocks, adamellite, and dikes. The mineralogy of the assemblages is described below.
Propylitic alteration formed at the expense of silicic
to mafic rocks includes chlorite, epidote, tourmaline,
amphibole, albite, quartz, carbonate minerals, and hematite. Propylitically altered ultramafic rocks contain
talc, magnesite, and hematite. Veins within the altered
rock contain quartz, magnesite, talc, tourmaline and
green Cr-bearing muscovite. These altered rocks and
veins are free of gold. The age of the association and
related veins, estimated from the Sm/Nd isotopic system on tourmaline, is 364 ± 33 Ma (Baksheev et al.
2002) and is close to that of the granitic rocks.
“Gumbeite” was first described by Korzhinsky
(1955) within the Gumbeiskoe hydrothermal tungsten
deposit, located about 40 km east of Magnitogorsk,
Southern Urals, Russia. In the deposit, gumbeite is developed around scheelite-bearing veins; it contains
quartz, microcline, carbonate minerals, and minor muscovite. Within the Berezovskoe deposit, gumbeite alteration, formed at the expense of silicic to mafic rocks,
includes quartz, K-feldspar, calcite, dolomite, white
mica, pyrite, and scheelite. Gumbeite-type alteration can
also affect ultramafic rocks, which then contain talc,
magnesite, phlogopite, and hematite. Gumbeite and related veins are free of gold. Detailed information on
gumbeite, its genesis and associated mineralization is
given in Spiridonov et al. (1998).
Wallrock alteration within the Berezovskoe gold
deposit is dominated by the “beresite–listwanite” association. Beresite and listwanite were first described in
the Berezovskoe deposit. Beresite, so named after the
deposit, is formed at the expense of silicic rocks and
contains quartz, white mica, dolomite, calcite, and pyrite. Listwanite (listvenite, listawaenite), after the Russian word listva (foliage), is green like foliage and
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FIG. 1. Geological map of the Berezovskoe Au deposit, after Sustavov (1995) and
Vikentieva (2000). 1 Early Silurian metadiabase, 2 Early Silurian metabasalt, 3 Early
Silurian metasedymentary rocks, 4 Silurian to Devonian serpentinite, 5 Early Devonian
gabbro, 6–7 Early Carboniferous granitic rocks, 6 adamellite of the Shartash massif, 7
granite porphyry dykes, 8 faults, 9 pits, 10 Uspenskaya Gorka. Inserts show the location
of Ekaterinburg and the Berezovskoe gold deposit (B).

formed after serpentinized ultramafic rocks; it contains
magnesite and chromian muscovite instead of calcite
and white mica. Gold-bearing quartz veins are confined
to the beresite–listwanite association. Coarse-grained
quartz is the main gangue mineral. Carbonates are subordinate. Ore minerals, including pyrite, scheelite, galena, chalcopyrite, aikinite, tetrahedrite–tennantite and
gold, fill interstices in quartz and in some cases form

pockets in the veins. The fineness of gold is in the range
800–930. The age of the beresite–listwanite association
and the associated gold-bearing quartz veins, as estimated from the Sm/Nd isotopic system on scheelite, is
347 ± 12 Ma (Baksheev et al. 2002), which is close to
the timing of the propylitic alteration and the emplacement of the granitic rocks.
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ANALYTICAL TECHNIQUES
The chemical composition of tourmaline has been
studied with a CAMEBAX SX–50 electron microprobe,
N.N. Kononkova, analyst, of the Division of Mineralogy, Lomonosov Moscow State University. An accelerating potential of 15 kV and current intensity of 30
nA were used with a beam diameter of ~3 m. PAP
corrections were used for correction procedures. The
following standards have been used: hornblende for Si,
Al, Ca, Mg, Fe, orthoclase for K, albite for Na, synthetic “fluorphlogopite” for F, pyrophanite for Mn and
Ti, vanadinite for V, NiO for Ni, and Cr2O3 for Cr.
The analysis of talc was made with a CAMSCAN
scanning electron microscope equipped with a LINK
10000 energy-dispersion system (SEM–EDS), E.V.
Guseva, analyst, Division of Petrology, Lomonosov
Moscow State University. Operating conditions were:
accelerating potential 15 kV, current intensity 1–6 nA,
and beam diameter 3 m. ZAF corrections were used
for the correction procedures.
The tourmaline formulae were normalized on the
basis of 15 cations exclusive of Na, Ca, and K, i.e., assuming no vacancies at the tetrahedral or octahedral
sites, and insignificant concentrations of Li (Henry et
al. 1999). The Li content of tourmaline associated with
nickeloan talc is estimated from flame spectrophotometry at 0.003 wt.% Li2O. In the case of tourmaline associated with green chromian muscovite, most of the Li
probably is preferentially partitioned to mica (Henry &
Dutrow 1996). Charge-balance constraints were used to
estimate the amounts of OH– and O2– associated with
the V and W anion sites in the structural formula, although there are likely significant uncertainties (Dutrow
& Henry 2000). We further assume that calculated O2–
(F below detection limit) is preferentially incorporated
at the W site (Hawthorne & Henry 1999). The proportion of vacancies (䡺) was calculated using stoichiometric constraints by means of 1 – (Na – Ca – K). These
assumptions permit grouping of tourmaline in accordance with the classification proposed by Hawthorne &
Henry (1999). The amount of B2O3 was calculated from
stoichiometric constraints. In the most representative
results of the EMP analyses (see below), Fe is reported
as both Fe2+ and Fe3+ with the assumption that roughly
half the Fe is Fe3+. This assumption is based on the
Mössbauer data. In several analyses, Fe is reported as
Fe3+ in order to eliminate a charge deficiency at the W
site.
The Li content in tourmaline has been estimated by
emission flame spectrophotometry with an AAC
Varian–875 instrument in the Institute of Geology of
Ore Deposits, Petrography, Mineralogy and Geochemistry (IGEM), Russian Academy of Science, G.E.
Kalenchuk, analyst. The detection limit of the technique
is 0.5 ppm.
A Mössbauer study was carried out in the Department of Chemistry of the Lomonosov Moscow State

University. A 57Fe spectrum was recorded using a conventional Mössbauer spectrometer operating in constant
acceleration mode with a 57Co (in Rh) source kept at
room temperature. The isomer shift is referred to an ␣Fe absorber at 293 K. The spectrum was analyzed using
standard computer techniques.
The composition of talc was normalized on the basis
of seven cations (Si + Mg), in accordance with the suggestion of Borneman-Starynkevich (1964). Distribution
coefficients (KD) for Ni and total Fe between nickeloan
tourmaline and nickeloan talc were calculated as the
ratio of the cations.

RESULTS
Nickeloan tourmaline assocciated with nickeloan
talc or green Cr-bearing muscovite occurs within magnesite–quartz veinlets and veins in Uspenskaya Gorka
located in the Eastern flank of the Berezovskoe gold
deposit (Fig. 1). The unusual compositions of the silicates reflects a Ni- and Cr-rich geochemical environment of the mineralization, because the veins are hosted
in hematite – talc – carbonate alteration formed at the
expense of the ultramafic rocks. The thickness of the
veinlets and veins range from 5 cm to 3 m.
The nickeloan tourmaline + nickeloan
talc association
Tourmaline associated with nickeloan talc occurs in
magnesite–quartz vein hosted in hematite – talc – magnesite alteration. The visible extent of the vein is about
20 m, and it is up to 3 m in width. Quartz is developed
in at least two generations. Milky quartz I constitutes
most of the vein, whereas transparent quartz II fills small
pockets. A fluid-inclusion study of milky quartz I from
the quartz–magnesite vein indicates that it formed at a
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temperature ranging from 290 to 330°C (average 310°C:
Baksheev et al. 2001).
Magnesite crystals attain 5 cm across. These crystals, however, are strongly weathered. Magnesite and
talc form intergrowths with quartz I, an indication that
the minerals grew simultaneously.
Nickeloan talc is megascopally bright green in color
and forms pockets up to 5 cm diameter (Fig. 2).
Sustavov (1995) reported that talc occurs very close to
the contact between the magnesite–quartz vein and host
alteration. The Ni content ranges from 9.55 to 10.71
wt.% NiO, and the Mg/(Fetot + Mg) value is high, 0.96
or 0.97 (Table 1). The mineral contains Al (up to 0.27
wt.% Al2O3). Sustavov (1995) reported 12.0 wt.% NiO
in the talc.
Tourmaline constitutes about 5% of the vein’s volume. It is intergrown with quartz I, indicating their simultaneous crystallization. Quartz II contains inclusions
of the tourmaline. Tourmaline develops isolated light
and dark green needles up to 1 cm long or as aggregates
of tourmaline needles (Fig. 3). Crystals are pleochroic
from colorless to green.
Because all analyzed crystals of tourmaline are Capoor, the optimal plot to distinguish species to a first
approximation is Mg/(Mg + Fetot) versus X-site vacancy
/ (Na + X-site vacancy) (Fig. 4). This diagram does not
distinguish among the OH-, F- and O-bearing species.
However, F contents are below detection levels for all
analyzed grains, and therefore the W site is dominated
by O2– or OH–. Consequently, the magnesiofoitite and
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dravite fields could also be considered “oxy-magnesiofoitite” and “oxy-dravite” fields, respectively. In general, the tourmaline compositions are characterized by

FIG. 2. Pocket of green nickeloan talc in magnesite–quartz
vein, Uspenskaya gorka. Scale in cm.

FIG. 3. Intergrowths of light green nickeloan tourmaline and quartz, Uspenskaya gorka.
Scale bar: 1 mm.
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their values of Ca/(Ca + Na) and Mg/(Fetot + Mg), ranging from 0 to 0.02 and from 0.74 to 0.90, respectively
(Table 2). The Mössbauer data indicate that about half
iron in the tourmaline is Fe3+ (Fe3+/Fetot = 0.53). The Li
content in the tourmaline, estimated from flame spectrophotometry, is 0.003 wt.% Li2O.
On the basis of compositional characteristics of the
core, the tourmaline can be divided into two groups. The
first group includes magnesiofoitite cores with elevated
Na content (0.436–0.452 apfu) that are characterized by
variable Ni contents, ranging from 0.060 to 0.425 apfu
(Table 2, anal. 1 and 5). Intermediate zones and rims

are dravitic with Na and Ni contents ranging from 0.588
to 0.826 apfu and from 0.074 to 0.531 apfu, respectively
(Table 2, anal. 3–4, 6). The second group includes
dravitic core compositions with Na content ranging from
0.535 to 0.765 apfu (Table 2, anal. 7 and 16). The Ni
content in the cores ranges from 0.077 to 0.102 apfu
and is close to that in intermediate zones and rims. We
have studied in detail one optically and chemically complicated zoned crystal of tourmaline from the second
group (Fig. 5, Table 2, anal. 10–22). The Na content in
the core of the crystal is less (0.535 apfu) than that in
intermediate zones (0.742–0.938 apfu) and rims (0.888–
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0.922 apfu) (Fig. 6a). The Mg/(Fetot + Mg) value and
the Ni content are distributed in an oscillatory and irregular fashion (Figs. 6b, c).
The tourmaline + mica association
This association occurs in thin quartz veinlets of up
to 5 cm thick among quartz–magnesite altered rock containing a small amount of Cr-bearing muscovite. Mica
forms small, bright green flakes and pockets both in the
altered rock and quartz veinlets. Qualitative electronmicroprobe analyses indicate that the light mica is Cr-
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bearing muscovite. Magnesite is represented by yellowbrown crystals up to 2 cm in size. Tourmaline is represented by dark green crystals up to 1 cm long. It is
intergrown with quartz. Figure 4 shows that the tourmaline occupies the dravite and “oxy-dravite” field.
Tourmaline cores are characterized by different Na content ranging from 0.669 to 0.936 apfu; the Mg/(Fetot +
Mg) value ranges from 0.76 to 0.87 (Table 3, anal. 1–3,
5, 7). The Na content and the Mg/(Fetot + Mg) value in
the tourmaline rims range from 0.790 to 0.906 apfu and
from 0.77 to 0.89, respectively (Table 3, anal. 4, 6, 8).
The tourmaline is richer in Cr (up to 1.564 apfu) than
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FIG. 4. Compositions of Berezovskoe tourmaline plotted in terms of X vacancy and Mg/
(Fetot + Mg). End-member compositions of schorl, foitite, magnesiofoitite, “oxymagnesiofoitite”, dravite, and “oxy-dravite” plot at the corners of the diagram.

that associated with nickeloan talc. The Ni content
(0.036–0.217 apfu) and the Ca/(Ca + Na) value (0–0.04)
are comparable to those in tourmaline associated with
nickeloan talc. Likewise, the Mössbauer data indicate
that about half the iron in the tourmaline is Fe3+ (Fe3+/
Fetot = 0.53).

DISCUSSION
Tourmaline crystals from the nickeloan talc – magnesite – quartz and chromian muscovite – magnesite –
quartz veins and veinlets hosted in ultramafic hematite
– talc – magnesite alteration are characterized by a high
Mg/(Fetot + Mg) value and, within separate crystals, by
high Ni (up to 0.531 apfu) and Cr (1.564 apfu) contents.
Enrichment in Ni and Cr probably is caused by the replacement of Ni- and Cr-bearing minerals in the precursor ultramafic rocks.
Henry & Dutrow (2001) reported a high Ni content
(up to 0.36 apfu) but low Cr (up to 0.06 apfu) in dravite
from metamorphosed karstbauxite. A negative correlation between (Mg + Mn + Ni + Co + Zn) and Fe has

F IG . 5. Photomicrograph of optically zoned crystal of
nickeloan tourmaline. Numbers correspond to analyzed
points listed in Table 2 and Figure 6.
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been shown for the tourmaline in their suite, indicating
solid solution involving these elements. In general, there
is no such correlation for nickeloan tourmaline from
Berezovskoe (Fig. 7), probably because iron is present
as both Fe2+ and Fe3+. A strong pleochroism and the
Mössbauer data are consistent with this interpretation.
Distribution coefficients for Ni and Fetot between
nickeloan tourmaline and nickeloan talc are 0.05 and
21.48, respectively, indicating preferential incorporation
of Ni in talc and Fe in tourmaline. Figure 8 provides a
good illustration for this partition.
An (Al + Cr) versus (Mg + Ni + Fetot) diagram
(Fig. 9) shows that the data are spread in a linear array
(reference line has a slope of –0.89, correlation coefficient –0.93). The minor deviation of the linear fit from
a slope of –1 suggests that other substitutions contribute to the dispersion of the data. The exchange vectors
(䡺Al) (NaR)–1 and (AlO)[R(OH)]–1, where R is sum of
Mg, Fetot and Ni, and FetotAl–1 are almost collinear with
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this reference line and could result in offsets parallel to
it. We can correct for the Al associated with X-site vacancies in a coupled substitution by plotting (Al + Cr –
X-site vacancies) versus (Mg + Ni + Fetot + X-site vacancies), for which the correlation coefficient is –0.95
(Fig. 10). This results in a plot in which dravite and
magnesiofoitite are superimposed at the same point, as
are “oxy-dravite” and “oxy-magnesiofoitite”. The data
are distributed such that there are several points near
the “oxy” end-members. If it is assumed that half of the
Fe is Fe3+, as presented in Tables 2 and 3 (except where
such an assumption would lead to a charge deficiency),
this relationship can be explored on an (Al + Cr + Fe3+
– X-site vacancies) versus (Mg + Ni + Fe2+ + X-site
vacancies) diagram (correlation coefficient –0.94)
(Fig. 11). In this case, the data are generally distributed
between the dravite–magnesiofoitite and “oxy-dravite –
oxy-magnesiofoitite”. This finding is consistent with our
earlier determination that roughly half of the tourmaline compositions determined should be classed as “oxydravite”.
The composition of nickeloan tourmalines from
Berezovskoe is affected by two factors: the composition of the host rocks and the nature of mineralizing
fluid. Altered rocks can be the source for Mg, Ni, and
Cr, whereas Si, Al, and B have been introduced by hydrothermal fluids. Different Ni and Cr contents within
separate crystals and zones could be explained by replacement of Ni- and Cr-bearing minerals of the source
rock. Association with nickeloan talc, elevated Ni content and the high Fe3+/Fetot ratio in the tourmaline indicate a high f(O2) of the fluid.
Magnesiofoitite has been found in various geological environments, including granitic pegmatites and
magnesian skarns hosted in magnesite marble in the
Kuhilal deposit, Tajikistan (Rossovsky 1963), hydrothermally altered volcanic rocks (Hawthorne et al.
1999), tourmaline–quartz veins in the Baraboo quartzite, Wisconsin, USA (Medaris et al. 2003). In the first
and the third cases, tourmaline probably crystallized
under sodium-deficient conditions, and in the second,
at the low values of pH that are characteristic of alteration of the volcanic suites.
Some tourmaline grains in the Berezovskoe suite are
assumed to start crystallizing in an environment of Na
deficiency, and then aNa + increased. Oscillatory zoning
of the Berezovskoe tourmaline indicates that the history
of tourmaline crystallization is complex.

CONCLUSIONS
The discovery of tourmaline with very high Ni content (up to 0.53 apfu) from a magnesite–quartz vein
hosted in ultramafic hematite – talc – carbonate alteration is novel. Chromium and nickel in tourmaline are
likely derived from primary minerals in the ultramafic
rocks. Tourmaline crystallized from a moderate-temperature fluid characterized by high f(O2). The history
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FIG. 6. Varieties of the Mg/(Fetot + Mg) ratio (a), Ni (apfu) (b) and Na (apfu) (c) in the
points shown in Figure 4.

of tourmaline crystallization is probably complex because of oscillating compositions of the fluid.
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FIG. 8. Triangular diagram in terms of Mg–Fe–Ni for nickeloan talc and tourmaline, illustrating partition of Fe and Ni between these minerals.

FIG. 9. Al + Cr versus R(Mg + Ni + Fetot) diagram for tourmaline from the nickeloan talc
and chromian muscovite associations. R represents the sum of Mg + Ni + Fe(total). The
solid line represents a linear least-squares regression through the tourmaline data from
both associations, (Mg + Ni + Fetot) = –0.890(Al + Cr) + 8.345. The directions of several selected exchange-vectors are given for reference. The locations of end-member
dravite and magnesiofoitite are shown by the large filled circles. See Figure 4 for legend.
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FIG. 10. (Al + Cr – X-site vacancies) versus (Mg + Ni + Fetot + X-site vacancies) diagram
for tourmaline from the nickeloan talc and chromian muscovite associations. R represents the sum of Fe (total) + Mg + Ni. The solid line represents a linear least-squares
regression through the tourmaline data from both associations, (Mg + Ni + Fetot + X-site
vacancy) = –0.873(Al + Cr) + 8.262. The directions of several selected exchange-vectors
are given for reference. The locations of end-member dravite and magnesiofoitite and
“oxy-dravite” and “oxy-magnesiofoitite” are shown by the large filled circles. See Figure 4 for legend.
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