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ABSTRACT

We describe occurrences of palladoan melonite in intimate intergrowths with cobaltite-gersdorffite from the
Neoproterozoic dunite-wehrlite-gabbro complexes of Kingash and Kuskanak, Eastern Sayans, Russia. The
observed compositional trends of melonite are consistent with the overall variations examined on the basis
of numerous literature sources. The levels of Bi in NiTe2 are normally limited to≤0.25 Bi atoms per formula
unit (apfu), under natural conditions. Greater levels (≤0.5 Bi apfu) are associated with the (Pd + Pt)
enrichment in the palladoan varieties. The telluride–sulfarsenide intergrowths probably formed at Kingash
and Kuskanak late in the crystallization history of the ore zones, from microdroplets of residual melt rich in
semimetals (Te, Bi, As) and noble metals (Pd and Ag), below the solidus of the enclosing gabbroic rocks and
within a narrow range of temperatures (500–550°C). On the basis of our observations made on specimens of
melonite and synthetic Ni(Te,Bi)2–x (x = 0.6), we infer that the limit of incorporation of Bi into a melonite-
type phase is ≤0.5 Bi apfu.

KEYWORDS: melonite, synthetic NiTe2–x, solid solutions, Neoproterozoic ultramafic-mafic complexes, Ni-Pd
tellurides, Kingash, Kuskanak, Eastern Sayans, Russia.

Introduction

MELONITE, NiTe2, named after its type locality, the
Melones mine, at Carson Hill in the Mother Lode
Belt, Calaveras County, California, USA (Genth,
1868; Hillebrand, 1899), is a pre-IMA or ‘grand-
fathered’ species. Among other early descriptions,
Peacock and Thompson (1945) reported the

occurrence of melonite as a minor to accessory
constituent of the ore at the Robb-Montbray mine in
northwestern Québec, Canada. Although melonite
is a rather common species, present in various
complexes and ore deposits worldwide (e.g. in
ophiolites: Economou-Eliopoulos et al., 2008), its
patterns of solid solutions and extent of element
substitutions, especially Bi-for-Te, are not well
characterized. In this article, we describe occur-
rences of palladoan melonite at Kingash and
Kuskanak, Eastern Sayans, Krasnoyarskiy kray,
Russia. Our objective is to evaluate the new data in

*E-mail: ore-minerals@mail.ru
https://doi.org/10.1180/minmag.2016.080.119

© 2017 The Mineralogical Society

Mineralogical Magazine, June 2017, Vol. 81(3), pp. 695–705

https://doi.org/10.1180/minmag.2016.080.119 Published online by Cambridge University Press

mailto:ore-minerals@mail.ru
https://doi.org/10.1180/minmag.2016.080.119


light of overall variations gathered in the literature,
compared with the presently obtained results of
syntheses, and to explore the implications concern-
ing the stoichiometry of melonite-type phases.

The intrusive bodies investigated

The Kingash intrusion (∼3 km × 0.7 km: Figs 1a,
b) is associated with a smaller body (or block) at
Kuskanak. These belong to a Neoproterozoic suite
(731–710 Ma) of dunite-peridotite-pyroxenite-

gabbro (picrite) complexes (Shumikha,
Golumbei, Tartai, Ognit, Zhelos, Tokty-Oi and
Malyi Zadoi), associated with the Yoko–Dovyren
complex in the Baikal–Patom zone. These com-
plexes formed in a continental margin setting at the
southern margin of the Siberian Craton in the East
Siberian metallogenic province (Polyakov et al.,
2013; Tolstykh et al., 2014 and references therein).
The Kingash dunite-wehrlite-gabbro complex is
podiform (Fig. 1a). It displays tectonic contacts
with the country rocks and hosts zones rich in Cu-
Ni, Au-Ag and platinum-group elements (PGE);

FIG. 1. (a) Schematic geological map (after Tarasov and Shvedov, 2010) and the location (b) of the Kingash complex,
Eastern Sayans, Krasnoyarskiy kray, Russia. The presently reported occurrences of melonite are shown by the red symbol.
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the zones located in dunite are especially important
economically (Shvedov et al., 1997; Glazunov,
2009; Tarasov and Shvedov, 2010; Yurichev, 2014).

Results and discussion

Associations, textures and compositions

In the Kingash complex, melonite is associated
closely with zones of Cu-Ni-PGE mineralization
(Fig. 1a), which show a great diversity in ore species
and associations. The latter include base-metal

sulfides (BMS: pyrrhotite, pentlandite, chalcopyrite,
cubanite, bornite, millerite), arsenides (nickeline,
maucherite), native elements and alloys (copper,
bismuth, awaruite, Au-Ag-Hg alloys), and various
species of platinum-groupminerals (PGM), andPGE-
bearing phases: sperrylite, moncheite, tetraferroplati-
num, platarsite, irarsite, erlichmanite, iridarsenite,
michenerite, merenskyite, froodite, sobolevskite,
kotulskite, stibiopalladinite or mertieite-II (or both),
cabriite, paolovite, unnamed Pd2(Bi,Sb), palladoan
melonite, Rh-bearing cobaltite-gersdorffite and a Pd-
bearing tetra-auricupride (≤4 wt.% Pd).

FIG. 2. Back-scattered electron images showing grains of melonite (mel) in the Kingash (2a–c) and Kuskanak (2d–f )
complexes, in association with: members of the cobaltite (cob)–gersdorffite (ger) series, michenerite [mch; Pd1.01Bi0.87–0.89
Te1.10–1.11], hessite [hs; Ag1.96Te1.04], submicrometric grains of coloradoite [clr; Hg0.94Te1.06] and molybdenite [mol;
Mo0.93S2.07]. Also present are the main ore species: pentlandite [pn; (Fe4.51–4.62Ni4.29–4.45Co0–0.08)Σ8.96–8.99S8.03],
pyrrhotite [po; Fe0.89S], a calcic amphibole [amp; a magnesian actinolite: (Ca2.00Na0.11K0.02)Σ2.13(Mg3.26Fe1.67Al0.09)Σ5.02
(Si7.75Al0.25)8O22(OH)2], titanite [ttn; Ca1.00(Ti0.94Al0.08)Σ1.02(Si1.00O4)O] and a silicate mineral (sil; not analysed).
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The mineralogy and average modal abundance
of the mineralized rock, estimated for the
PGM-bearing samples, are: calcic amphibole
(23 vol.%), clinopyroxene (diopside–hedenbergite
series; 21%), sodic plagioclase (albite-oligoclase;
8%), epidote (10%), members of the chlorite group
(8%), mica (biotite; 5%), feldspar, quartz and
garnet (andradite and grossular): 2–3% each. These
observations indicate that the melonite-bearing ore
zones are associated with hydrothermally altered
mafic rocks, which are hosted by the ultramafic
cumulates.
Melonite occurs in intimate intergrowths with

subhedral grains of members of the cobaltite–
gersdorffite series (Figs 2a–f ). Typically, these are
present as irregular, elongate inclusions in BMS,
located commonly at their boundaries with silicate
minerals (e.g. Figs 2c, f ). Inclusions of melonite
and hessite (i.e. a rim-like phase oriented

subparallel with their host: Fig. 2a) are considered
to have formed from droplets of trappedmelt hosted
by grains of cobaltite–gersdorffite (Figs 2a, b). In
addition, there are intergrowths of melonite with
altaite, hosted by chalcopyrite.
The melonite solid-solution series at Kingash is

notably richer in Bi than at Kuskanak (Table 1). In
Figs 3a–c, we compare these ranges with the overall
compositional variations of melonite (i.e. Ni-domin-
ant members) on the basis of 123 individual data sets
collected in the literature. These seem to be
representative, as they reflect a wide spectrum of
various parageneses settings from more than 40
localities from 21 countries. They reveal a slight
negativeNi vs. Bi correlation (Fig. 3b); the coefficient
of linear correlation R is –0.61 (n = 123). In contrast,
the correlation found for (Pd + Pt) vs. Bi is slightly
positive (R = 0.64: Fig. 3c). Themajorityof the points
analysedare very poor inBi, yielding levels from ‘not

TABLE 1. Representative compositions of melonite from the Kingash and Kuskanak complexes, Eastern Sayans,
Russia.

No. Locality Pt Pd Fe Ni Te Bi Total

1 Kng – 9.3 0.2 12.4 66.1 12.6 100.5
2 Kng – 5.2 – 15.4 66.5 12.5 99.6
3 Kng – 4.7 – 15 65.2 14 99
4 Kng – 4.9 – 14.9 65 14.1 99
5 Kng 0.2 12.9 – 10 61.8 15 99.8
6 Kng – 10.4 – 10.7 66.5 11.8 99.4
7 Kng – 9.6 – 11.3 67.2 11.2 99.3
8 Ksk – 9 0.9 12.5 72.6 4.6 99.6
9 Ksk – 10.7 1 10.7 68.9 7.7 99
10 Ksk – 11.9 0.7 10.1 66.2 10.4 99.3

Atoms per formula unit*
No. Pt Pd Fe Ni ΣM Te Bi Te + Bi

1 – 0.3 0.01 0.72 1.03 1.77 0.21 1.97
2 – 0.16 – 0.88 1.04 1.75 0.2 1.96
3 – 0.15 – 0.87 1.02 1.75 0.23 1.98
4 – 0.16 – 0.87 1.03 1.74 0.23 1.97
5 <0.01 0.43 – 0.6 1.03 1.71 0.25 1.97
6 – 0.34 – 0.64 0.98 1.82 0.2 2.02
7 – 0.31 – 0.67 0.98 1.83 0.19 2.02
8 – 0.28 0.05 0.71 1.04 1.89 0.07 1.96
9 – 0.34 0.06 0.62 1.03 1.85 0.13 1.97
10 – 0.39 0.04 0.6 1.03 1.8 0.17 1.97

These data obtained by wavelength-dispersion electron microprobe (EMP) analyses of melonite were acquired at the
Institute of Geology and Mineralogy of the SB RAS (Novosibirsk, Russia) with a «Camebax-micro» instrument, at 20 kV
and 50 nA, using synthetic Bi2S3, PbTe and puremetals as standards. TheMα linewas used for Bi, Lα for Pd, Pt, and Te and
Kα for Ni.*Values of atoms per formula unit (apfu) are based on a total of 3 apfu. – ‘not detected’. Kng =Kingash;
Ksk =Kuskanak.
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FIG. 3. Compositional variationsofmelonite in termsof plots of: (a) Te vs. Bi; (b)Ni vs. Bi; and (c) (Pd + Pt) vs. Bi (expressed
in atoms per formula unit, apfu, per a total of 3 apfu) from the Kingash and Kuskanak complexes (shown by brown squares
and red circles, respectively) fromEastern Sayans in Russia in comparisonwith the overall variations (blue diamond), which
are represented by compositions of melonite from: Stanislaus mine, California, USA (Pemberton, 1983); Strathcona mine
(Rucklidge, 1969), Sudbury area,Ontario, Canada (Cabri andLaflamme, 1976); Au-bearing skarns, Sinyukhinskoe deposit,
the Mountain Altai, Russia (Filimonova and Vakhrushev, 1969); Middavarre copper deposit, Norway (Strand, 1975);
Jaduguda uranium deposit, India (Krishna et al., 1980); Yokozuru mine, Japan (Shimada et al., 1981); Ivrea–Verbano
complex, Italian Alps (Garuti and Rinaldi, 1986); Kambalda nickel deposits, Australia (Hudson, 1986); Nomgon intrusion,
Mongolia (Izokh et al., 1992); Allarechka complex, Kola Peninsula, Russia (Yakovlev et al., 1991); Cu–Ni deposits at
Kalatongke, Xinjiang, China (Zhan Xinzhi, 1995); Las Aguilas Ni–Cu deposit, Argentina (Gervilla et al., 1997); Nuasahi
complex, India (Mondal and Baidya, 1997); Lahóca Hill Cu–Sb–As–Au epithermal mineralization, Hungary (Gellért et al.,
1998); Omai gold deposit, Guiana (Voicu et al., 1999); sulfide Cu–Co ores, Pyshminsko–Kluchevskoe deposit, Middle
Urals, Russia (Eremin et al., 1997; Murzin et al., 2011); Koillismaa layered complex, Finland (Kojonen and Iljina, 2001);
WellgreenNi–Cu–PGEdeposit,Yukon,Canada (Barkovet al., 2002);KeivitsansarviNi–Cu–PGEdeposit, Finland (Gervilla
andKojonen, 2002); Shchuch’ya zone of basic intrusions, Polar Urals, Russia (Kulikova and Varlamov, 2002); Yangliuping
Ni–Cu–(PGE) sulfide deposit, China (Song et al., 2004); AguablancaNi–Cu–PGEdeposit, Iberia (Ortega et al., 2004); Cu–
Ni–PGE deposits, Egypt (Helmy, 2004; 2005); Kvintum–1 Co–Ni deposit, Middle Ridge, Kamchatka, Russia (Chubarov
et al., 2005); Sunrise Dam gold deposit, Australia (Sung et al., 2007); Ni–Cu sulfide prospects, Scotland (McKervey et al.,
2007); Aguablanca Ni–Cu deposit, Spain (Piña et al., 2008); Zhdanovskoe deposit, Pechenga ore field, Kola Peninsula,
Russia (Rychkova, 2011);KamkorCu–Nideposit,Kazakhstan (Pavlovaet al., 2011);Rosienickelprospect,Australia (Godel
et al., 2012); Rybozero gold deposit, Karelia, Russia (Kuleshevich, 2013); Limoeiro Ni–Cu–(PGE) sulfide deposit, Brasilia
(Mota-e-Silva, 2014); Giant Mascot Ni–Cu–PGE deposit, British Columbia (Manor et al., 2014) and McCreedy East Ni–
Cu–PGE deposit, Sudbury, Canada (Dare et al., 2014). Several compositions of the NiTe2–NiTe series also are included.
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detected’ to ≤0.25 Bi apfu (Fig. 3a). It should be
noted that all of the Bi-rich compositions refer to
palladoan varieties rich in (Pd + Pt), as is shown by
compositions reported from Ni-Cu-PGE deposits at
Sudbury (Cabri and Laflamme, 1976), Las Aguilas,
Argentina (Gervilla et al., 1997), Keivitsansarvi,
Finland (Gervilla and Kojonen, 2002), Scotland
(McKervey et al., 2007) and Aguablanca, Spain
(Piña et al., 2008). These varieties contain 0.25–0.44
Bi apfu, 0.18–0.46 Pd apfu (or 5.3–13.4 wt.% Pd),
and up to 0.22 Pt apfu (0–10.8 wt.% Pt). The
documented maximum values of Bi are 0.44 and
0.48 apfu, which are reported from China (Zhan,
1995) and Finland (Gervilla and Kojonen, 2002).
The compositions of cobaltite–gersdorffite inter-

grown with melonite are: [(Co0.41–0.49Ni0.34–0.42
Fe0.13)Σ0.96As1.03–1.04S0.99–1.01] at Kingash and
[(Ni0.46–0.47Co0.36–0.37Fe0.19–0.20)Σ1.03As1.00–1.02
S0.96–0.97] at Kuskanak; the latter are notably richer in
Ni and Fe. They all plot (Fig. 4) along the trend line
Ni:Fe = 2 as a reflection of the ordered distribution of
Ni andFe in the structure (Béziat et al., 1996), and are
consistent with a crystallization trend of PGE-
bearing cobaltite–gersdorffite in Early Proterozoic
layered complexes (Barkov et al., 2015).

Content of Bi in melonite and solid solutions
involving NiTe2

The overall variations documented in natural
members of the melonite series, including our

data, show that the Bi content is limited in this
series, ≤0.5 apfu; with the majority of these data
having≤0.25 Bi apfu (Fig. 3a). High contents of Bi
are invariably accompanied by the observed
enrichment in Pd + Pt (Fig. 3c), based on compo-
sitional data in Cabri and Laflamme (1976); Zhan
Xinzhi (1995); Gervilla et al. (1997); Gervilla and
Kojonen (2002); McKervey et al. (2007); and Piña
et al. (2008). In the Ivrea Verbano complex, Italy,
the Bi content of melonite depends on the type of
ore mineralization; thus, it could probably be used,
in certain cases, as a petrogenetic indicator
(Zaccarini et al., 2014).
Several solid-solution series involving NiTe2 are

known. Extensive binary series are known in the
system NiTe2–PdTe2–PtTe2 (e.g. Cabri and
Laflamme, 1976; Garuti and Rinaldi, 1986; Cabri,
2002). In addition, a series observed at Kingash
extends from PdTe2 (merenskyite) towards PdTeBi
(michenerite). We expect that a limited series may
also exist from NiTe2 towards NiTeBi; that phase
has been discovered at Ognit, Eastern Sayans, in
Russia, and will be described separately.
A solid-solution series is developed between

palladoan melonite and palladoan ‘imgreite’ (or
hexatestibiopanickelite; Bayliss, 1990) (e.g. at
Wellgreen, Yukon, Canada: Barkov et al., 2002).
The nickeline-type NiTe1 + x compounds and
members of the ‘imgreite’ (NiTe) – melonite
(NiTe2) series have been synthesized successfully
(Yushko-Zakharova, 1964; Barstad et al., 1966;

FIG. 4. Compositions of grains of cobaltite–gersdorffite in intergrowths with melonite (shown in Figs 2a–f ) from the
Neoproterozoic Kingash and Kuskanak complexes (brown squares and red circles, respectively), compared with the
series of PGE-bearing cobaltite–gersdorffite from Early Proterozoic layered intrusions: Mount General’skaya and
Lukkulaisvaara, Russia (blue triangles and squares, respectively) and Rio Jacaré, Brazil (red diamonds: Barkov et al.,

2015), and with the solvus in the system CoAsS–FeAsS–NiAsS, mol.% (Klemm, 1965).
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Carbonara and Hoch, 1972). The structure of
melonite [Ni2+(Te2)

2–] and of related ditellurides
is classified as being of ‘polymeric CdI2-type’
(Jobic et al., 1991; Bensch et al., 1996).
The possible existence of a Co-rich analogue of

melonite is implied by the phase [(Ni0.53Co0.50)Σ1.03
Te1.97], a member of the series NiTe2–CoTe2, found
in the Shanggong mine, China (Luo et al., 1999). In
addition, a solid-solution series extends from
melonite to kitkaite (NiTeSe), which has a
melonite-type structure (Häkli et al., 1965). As
noted, a potential series may extend from NiTe2
towards NiTeBi. One more series (presumably
limited) involves melonite and a Ni-rich anti-
monide, hypothetically defined as nisbite NiSb2
(löllingite group); this example of solid solution
[(Ni0.99Fe0.09 Pd0.08)Σ1.2(Te1.33Sb0.47Bi0.02)Σ1.8] was
reported from the Pechenga complex, Kola
Peninsula, Russia (Rychkova, 2011). It appears
probable, however, that the latter phase is rather
indicative of a series extending towards breithaup-
tite (NiSb) having a nickeline-type structure,
consistent with the documented series of ‘imgreite’
(NiTe) – melonite (NiTe2).

Solubility limit of Bi in synthetic Ni(Te,Bi)2–x

We have performed experiments in order to
evaluate the limit of incorporation of Bi into the
structure of melonite-type telluride, NiTe2–x. The
synthetic samples of Bi-rich telluride of Ni were
prepared in evacuated and sealed silica-glass tubes,
in a horizontal furnace (at the Laboratory of
Experimental Mineralogy, Czech Geological
Survey, Prague). In order to prevent loss of material

to the vapour phase, the free space in the tube was
reduced by placing a closely fitting glass rod
against the charge. A charge of ∼400 mg was
carefully weighed out from the pure elements. We
used, as starting chemicals, a nickel powder, a
tellurium ingot and bismuth beads, all supplied by
the Aldrich Chem. Co. (with a 99.999% purity).
The starting mixture was first melted at 1000°C for
two days. The product of melting was then ground
in an agate mortar under acetone and held at 200,
400 and 600°C for 75 days. The samples were
quenched by dropping the capsule in cold water.
The synthetic phases (e.g. Fig. 5) were analysed
using wavelength-dispersive spectrometry (WDS
EMP) (Table 2) and powder X-ray diffraction
analysis (XRD), carried out with a Bruker D8
Advance diffractometer (CuKα radiation and a
Lynx Exe XE detector).
The results obtained (WDS and XRD) indicate

that the synthetic phase is an intermediate member
in the NiTe–Ni(Te,Bi)2 solid-solution series (Fig. 5,
Table 2). This phase has a formula of Ni(Te,Bi)2–x,
which may imply the existence of vacancy-type
defects at the Te site. The mean composition of the
Bi-rich telluride is Ni1.49(Te1.37Bi0.63)Σ2.0 or Ni1.0
(Te0.92Bi0.42)Σ1.34, calculated for 2 (Te + Bi) and Ni
= 1 apfu, respectively; it is based on the results of
seven WDS analytical points of the material
synthesized at 400°C (Table 2). It is generally
consistent with a homogeneity range of Ni1 + xTe2
(0≤ x≤ 0.83) proposed by Lee and Nash (1990) of
the CdI2 structure type (P3m1). The WDS analyses
of the three synthetic samples, prepared at 200, 400,
and 600°C, gave a narrow range of compositions
with a slightly lower level of Bi incorporation at
200°C.On the basis on our experiments,we infer that
the synthetic melonite-type phase dissolves up to
18 at.% Bi or ≤0.4 Bi apfu, i.e. Ni1.0(Te0.9Bi0.4)2–x.
This value agrees with the maximum Bi content
observed in the compositions of naturally occurring
specimens of melonite.

Genetic features and concluding comments

The observed intergrowths of Pd-rich tellurides
with cobaltite–gersdorffite (Figs 2a–e) also are
characteristic of Early Proterozoic complexes,
e.g. the Mount General’skaya layered intrusion, in
sub-Arctic Russia (Barkov et al., 1999). They consist
of late-crystallizing phases that occur interstitially in
association with calcic amphibole, titanite and BMS
(Fig. 2c). Commonly, they are located at grain
boundaries (Figs 2e, f ). Michenerite, a typical

FIG. 5. Back-scattered electron image of synthetic Bi-rich
melonite, Ni(Te,Bi)2–x, in association with native bismuth

and the phase Bi2Te.
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constituent in these intergrowths, is not stable at a
temperature higher than 501°C (Hoffman and
MacLean, 1976). Consistently, the associated
grains of cobaltite–gersdorffite appear to have
equilibrated over a range of 550 to 500°C (Fig. 4).
Melonite rims a core-like grain of gersdorffite
(Fig. 2d), thus presumably indicating its crystalliza-
tion at a temperature lower than 500–550°C. The
shape of the interface between the coexisting phases,
melonite and gersdorffite (Fig. 2e), implies their
nearly simultaneous crystallization.
In the Neoproterozoic Kingash and Kuskanak

complexes (Eastern Sayans), the intergrowths of
Ni–Pd-rich ditelluride with Co–Ni-rich sulf-
arsenides (Figs 2a–e) have probably been formed
from microdroplets of a residual melt rich in
semimetals and metalloids (Te, Bi, As) and noble
metals (Pd and Ag) at a temperature on the order
of 500–550°C, which is clearly below the solidus
of the enclosing rock. Compositional trends of
melonite-related phases are consistent with the
overall variations examined on the basis of numer-
ous literature sources, and representative of various
settings and localities worldwide (Figs 3a–c). These
observations suggest that restrictions probably exist

concerning the solubility of Bi in NiTe2, with the
common limited incorporation≤0.25 Bi apfu under
normal conditions. These limits could well be a
reflection of complications arising as Bi replaces Te
bonded in the (Te2)

2– pairs in the structure. Greater
levels of Bi (≤0.5 Bi apfu) are associated closely
with the palladoan varieties, consistent with the
slightly positive correlation of Bi vs. (Pd + Pt),
which contrasts with the slightly negative correl-
ation of Bi vs. Ni (Figs 3b, c). The maximum Bi
enrichment in natural samples probably involves
the Pd–(Pt)-bearing component [(Pd,Pt)TeBi].
There is no evidence that a continuous series
exists between NiTe2 and NiTeBi under commonly
attained conditions in nature.
On the basis of our experiments and observations

made on specimens of melonite, including the
numerous literature sources, we thus contend that
the limit of the incorporation of Bi into the
melonite-type phase is apparently restricted to
values of ≤0.5 Bi apfu. Greater levels of Bi are
unlikely to be present in members of the NiTe–
Ni(Te,Bi)2 series, unless special conditions of
crystallization are involved, e.g. a high-pressure
environment.

TABLE 2. Compositions of synthetic melonite-type phase rich in Bi.

wt.% (Te + Bi) = 2 apfu Ni = 1 apfu

Sample (T, °C) Ni Te Bi Total Ni Te Bi Te Bi Te + Bi

40/3 22.96 46.78 29.41 99.16 1.54 1.45 0.55 0.94 0.36 1.30
(200) 23.15 47.15 29.09 99.39 1.55 1.45 0.55 0.94 0.35 1.29

21.94 46.92 31.17 100.04 1.45 1.42 0.58 0.98 0.40 1.38
21.38 45.40 32.32 99.10 1.43 1.39 0.61 0.98 0.42 1.40
22.89 47.08 29.97 99.93 1.52 1.44 0.56 0.95 0.37 1.31

Average 22.47 46.67 30.39 99.52 1.50 1.43 0.57 0.96 0.38 1.34
40/1 22.08 44.23 33.58 99.88 1.48 1.37 0.63 0.92 0.43 1.35
(400) 22.49 44.52 33.81 100.83 1.50 1.37 0.63 0.91 0.42 1.33

22.25 44.44 33.80 100.49 1.49 1.37 0.63 0.92 0.43 1.35
22.21 44.66 32.93 99.79 1.49 1.38 0.62 0.93 0.42 1.34
22.30 44.73 33.54 100.57 1.49 1.37 0.63 0.92 0.42 1.35
22.29 44.91 33.53 100.73 1.48 1.37 0.63 0.93 0.42 1.35
22.13 44.38 32.91 99.42 1.49 1.38 0.62 0.92 0.42 1.34

Average 22.25 44.55 33.44 100.24 1.49 1.37 0.63 0.92 0.42 1.34
40/2 22.58 43.99 33.39 99.96 1.52 1.37 0.63 0.90 0.42 1.31
(600) 22.31 43.91 33.20 99.42 1.51 1.37 0.63 0.91 0.42 1.32

22.54 44.12 33.27 99.93 1.52 1.37 0.63 0.90 0.41 1.32
Average 22.48 44.01 33.29 99.77 1.52 1.37 0.63 0.90 0.42 1.32

These data obtained from wavelength-dispersive analyses (in wt.%) were acquired with a CAMECA SX-100 electron
microprobe, at 15 kV and 10 nA (measured on the Faraday cup), using a focused beam (1–2 μm), pure elements as
standards, and the following X-ray lines: TeLα, NiKα and BiMβ.
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