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Infrared (IR) spectroscopy as a method of analysis of molecular structures
and identification of chemical compounds was first used at the end of the
nineteenth century, when the relationship between absorption of IR radiation
and vibrations of atoms in molecules had been established. At present this
method is widely used in organic chemistry (for the identification of sub-
stances and chemical groups), in polymer chemistry (for the investigation
of structural features of macromolecules), in study of surfaces, identification
of molecules and investigation of vibration—rotation dynamics in gases,
in matrix isolation studies, in the field of semiconductor microelectronics,
etc. (see Barnes and Orville-Thomas 1977). However, IR spectroscopy is not
widely adopted as a method for the identification of mineral species which is
mainly due to the absence of sufficiently complete reference books and
databases in this area.

The book “The Infrared Spectra of Minerals” (Farmer 1974) is still the
most popular reference book on the IR spectra of minerals. However, as the
book was published in 1977, it is now out of date. It contains only several
hundred IR spectra of minerals. Since 1977, the number of known mineral
species has doubled. At present it is close to 4,800, and every year it increases
by 60—100 entries. What is more important, since 1977, there was a substan-
tial expansion of knowledge on many minerals, their crystal chemistry,
taxonomy and nomenclature. Many crystal-chemical formulae have been
revised.

Recently a library of IR spectra of inorganics (NICODOM IR Inorganics
2006) was published. It contains 600 spectra of minerals from the National
Museum in Prague, Czech Republic; the number of mineral species presented
in this library is no more than 400. The identity of samples was verified
by X-ray diffraction analysis. IR spectra of several hundreds of minerals
have been published by H. Monke (1962-1966), Boldyrev (1976) and Peng
Wenshi (1982). However, these publications do not contain any analytical
data for reference samples. IR spectra of separate classes, groups or families
of minerals and synthetic inorganic compounds are presented in numerous
publications (Weir 1966; Nekrasov 1970; Potter and Rossman 1979;
Pechkovskii et al. 1981; Melnikova et al. 1985; Chukanov and Kumpanenko
1988, 2012a; Cejka 1999).

The creation of a more representative library of IR spectra of minerals was
planned by A.S. Povarennykh, but his untimely decease in 1986 prevented
the realization of this project.
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This book is the result of an almost 30-year work of the author during
which about 150 new minerals have been discovered. The library contains
3,309 IR spectra of about 2,000 minerals (including spectra of 237 holotype
samples accompanied by their detailed characterization). The main goal of
this book is to present a representative library of IR absorption spectra of
mineral species together with additional data on each sample including
locality, general appearance and mineral association. In most cases, analyti-
cal data (empirical formulae e.a.) are given. The library of IR spectra of
minerals could be useful for specialists in inorganic chemistry and inorganic
materials (cements, ceramics, glasses, microporous materials, etc.). In addi-
tion, in the next chapter some modern trends in IR spectroscopy of minerals
and some new data and approaches are discussed.

The general theory of vibrational spectroscopy and experimental metho-
dics of infrared spectroscopy as applied to minerals are beyond the scope of
this book. These aspects are considered in numerous publications (Farmer
1974; Povarennykh 1978; Smith 1979, Stuart 2004; Nakamoto 2008;
Theophanides 2012).

This work would be impossible without the help of numeral researchers.
The long-time collaboration with Prof. I.V. Pekov was most important.
Reference samples and valuable analytical data were kindly granted by
B.V. Chesnokov, A.P. Khomyakov, G.A. Sidorenko, S.V. Malinko, A.V.
Voloshin, A.L. Brusnitsyn, A.E. Zadov, D.I. Belakovskiy, Yu. P. Menshikov,
R. Iv)ucvia, V.Yu. Karpenko, L.A. Pautov, P.M. Kartashov, Z.V. Shlyukova,
A.G. Bazhenov, D.A. Kleimenov, D. Atencio, V.V. Subbotin, N.V. Lede-
nyova, A.M. Skrigitil’, A.N. Sapozhnikov, E. Jonssen, S. Jancev, M.M.
Moiseev, O.A. Ageeva, V.V. Rudnev and many other mineralogists, as
well as mineral collectors, of which the contribution of W. Schiuller,
B. Ternes, G. Blass, R. Allori, M.N. Murashko, A.V. Kasatkin, G. Mohn,
C. Schafer, B. Otter, J. Hyrsl and P. Paananen is most appreciated. The
collaboration with crystallographers R.K. Rastsvetaeva, S.V. Krivovichev,
N.V. Zubkova, D.I. Pushcharovskiy, S.M. Aksenov, E. Tillmanns,
S. Merlino, M. Pasero, G. Ferraris, F. Nestola, S.N. Britvin, O.I. Siidra,
0.V. Jakubovich, N.A. Yamnova and K.A. Rozenberg, as well as with
specialists in different areas of geosciences and analytical methods
(G. Raade, P. Voudouris, A. Magganas, A. Katerinopoulos, J. Gottlicher,
A.N. Nekrasov, K.V. Van, A.A. Virus, L.A. Levitskaya, O.V. Karimova,
A.S. Astakhova, L.A. Korshunova), was especially fruitful. All of them are
kindly appreciated.

A significant contribution to the editing of figures was made by A.D.
Chervonnyi. Editorial work of S.A. Vozchikova and S.M. Orlova in part of
the preparation of illustrations was also significant.

Chernogolovka, Russia Nikita V. Chukanov
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1.1 The Discrete Approach
Traditionally, the application of IR spectroscopy
in mineralogy is reduced to the determination of
wavelengths or frequencies of discrete absorption
maxima. These values are brought in correspon-
dence with normal vibrations of different chemi-
cal bonds or groups of atoms forming covalent
bonds — complex anions (e.g. CO327, C20427,
SO427, PO,*~, SiO,*", and Si,0,°7), polyatomic
cations (H;0", NH,", UO,**, etc.), neutral
molecules (H,O, NHj), as well as lattice
vibrations of infinite chains, layers or frameworks
as parts of crystal structures of minerals. Another
approach, also based on the use of discrete band
maxima, is based on correlations between vibra-
tion frequencies and different characteristics of
minerals (hydrogen bond strengths, degree of iso-
morphous substitutions, etc.). In this section, we
consider several examples of the application of
this approach to the investigation of structural
features of minerals.

A customary application of IR spectroscopy for
the investigation of minerals is the identification of
different groups of atoms by their characteristic
absorption bands. The ranges of frequencies of
characteristic vibrations of most important coordi-
nation polyhedra and complex anionic groups are
listed by Miller and Wilkins (1952) and
Povarennykh (1978). The identification of cationic
and anionic isolated groups and polyhedra
containing elements with low atomic numbers
(H, Li, Be, B, C, O, N) is most important because

the determination of these components by electron
microprobe analysis is difficult or impossible.
However, in many cases such groups can be easily
determined by their absorption in characteristic IR
ranges. The individuality of numerous new min-
eral species approved by the IMA Commission on
New Minerals, Nomenclature and Classification
during last decades has been first revealed by
means of IR spectroscopy. Several examples are
given below.

Eudialyte-group minerals are trigonal zircono-
and titanosilicates characterized by very complex
and variable crystal-chemical features (Johnsen
et al. 2003). Their general crystal-chemical formula
is N(1)3N(2)3N(3)3N(4)sN(5)sM(1)eM(2)3-sM(3)M
(4)Z3 [Si24072]0/4_6Xz where N(l—5) = Na, H30+,
K, Sr, REE, Y, Ba, Mn, Ca; M(1) = Ca, Mn, REE,
Na, Sr, Fe; M(2) = Fe, Mn, Na, Zr, Ta, Ti, K, Ba,
H;0; M(3) and M(4) = Si, S, Nb, Ti, W, Na; Z =
Zr, Ti,Nb; O’ = O, OH, H,0; X(1) and X(2) = Cl,
F, H,0, OH, CO;, SOy, AlO4, MnOy,. Usually these
minerals are Cl -dominant in the sites X(1) u X(2)
situated around the axis of threefold symmetry.
CO5>~ -dominant minerals of this group with dif-
ferent occupation of N-sites, mogovidite and
golyshevite have been discovered recently in the
Kovdor massive of alkaline-ultramafic rocks and
carbonatites, Kola peninsula (Chukanov et al.
2005a). IR spectra of these minerals contain series
of absorption bands in the range from 1,350 to
1,550 cm™ ! (Fig. 1.1).

A cancrinite-group mineral kyanoxalite,
Na7(AIG,SSi6,7024)(C204)0_5,1-5H20, has been

N.V. Chukanov, Infrared spectra of mineral species: Extended library, 1
Springer Geochemistry/Mineralogy, DOI 10.1007/978-94-007-7128-4_1,
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Fig. 1.1 IR spectra of high-calcium eudialyte-group minerals from alkaline pegmatites of the Kovdor massif:

(1) mogovidite (CO5*~ -dominant), (2) golyshevite (CO;>~

first determined as a new mineral species differ-
ent from cancrinite, (Na,Ca);_g (AlgSigO,4)
(CO3)1»2H,0, by characteristic IR bands of
oxalate groups at 1,713, 1,373 and 817 cm ™!
(Figs. 1.2 and 1.3).

Similarly, the presence of NH,* groups in the
first ammonium arsenate mineral of the autunite
group uramarsite discovered in the Bota-Burum
U deposit, Southern Kazakhstan, was detected by
characteristic bands in the ranges 1,400-1,500
and 2,800-3,200 cm™! (Sidorenko et al. 2007,
see Fig. 1.4). Earlier this mineral was considered
as trogerite.

The factor group method for calculation of the
symmetry properties, and selection rules for vibra-
tional modes of crystals with known structures,
has been reviewed by DeAngelis et al. (1972). The
selection rules for each irreducible representation
of the factor group are determined by noting the
transformation properties for the dipole moment
operator (for IR activity) or the polarizability ten-
sor (for Raman activity). This method is effective
only in case of simplest structures. In most cases,

-dominant) and (3) feklichevite (C1~ -dominant)

the determination of the number of active modes
in IR spectra of minerals is impossible due to the
overlapping of spectral bands, resonance splitting
and different factors distorting translational sym-
metry of real crystals (solid solutions involving
different complex anions, alteration of different
kinds of stacking of layers, local defects, etc.).
For this reason, the interpretation of vibrational
spectra of crystalline solids has been limited
largely to empirical approaches.

The wavenumber range approximately
between 400 and 1,700 cm ™! is called the finger-
print region. Usually IR spectrum in this region
contains very complicated series of overlapping
bands. The importance of the fingerprint region is
that each mineral species produces a different
pattern.

Symmetry lowering accompanied by the trans-
formation of structural sites into groups of non-
equivalent sites can result in the splitting if
corresponding absorption bands. This phenomenon
is very typical for IR spectra of minerals. Several
examples are considered below.
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Fig. 1.2 IR spectrum of kyanoxalite from Alluaiv Mt., Lovozero alkaline massif, Kola peninsula, Russia (After
Chukanov et al. 2011)
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Fig. 1.3 IR spectrum of typical cancrinite from Vishnevye Mts., Urals, Russia (After Chukanov et al. 2011)
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Fig. 1.4 IR spectra of uramarsite and metauranospinite (After Sidorenko et al. 2007)

IR spectrum of nabalamprophyllite Ba(Na,Ba)
{Na3T1[T1202314Ol4](OH,F)2} (Chukanov et al.
2004) is clearly different from the spectra of
lamprophyllite and barytolamprophyllite in a
pronounced doublet 921 + 954 cm ™' in the range
of Si—O-stretching vibrations (Fig.1.5). The
splitting of the IR band in this case is a result of
lowered symmetry. In centrosymmetric minerals
of the lamprophyllite—barytolamprophyllite solid-
solution series (Ba,Sr),{Na;Ti[Ti,0,Si1,0,4](OH,
F,0),} (space group C2/m), the groups Si,O; are
equivalent, whereas in nabalamprophyllite (space
group P2/m) there are two types of Si,O, groups
as a result of the ordering of interlayer cations
Na and Ba.

Eveslogite (monoclinic) and yuksporite
(orthorhombic) are very close in chemical com-
position, powder X-ray diffraction patterns and
physical properties. However, their identification
is easy due to characteristic additional splitting of
some bands in the IR spectrum of eveslogite as
compared to that of yuksporite (Fig.1.6)
(Chukanov et al. 2008).

The crystal structures of the roscherite-group
minerals are based on a heteropolyhedral

Lamprophyllite

Barytolamprophyllite

Nabalamprophyllite

I
1500

| |
500 1000 cm1

Fig. 1.5 IR spectra of lamprophyllite-group minerals
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Eveslogite

Yuksporite

1 1 1
500 1000 1500 cmt!

Fig. 1.6 IR spectra of eveslogite and yuksporite

framework composed of atoms with four- and six-
fold coordination. Among these minerals, mono-
clinic and triclinic members are distinguished. The
general formula of monoclinic roscherite-group
minerals is Ca,D,M;Bes(PO4)s(OH)X5-4H,0O
where D and M are octahedral cations Mg, Zn,
Mn?*, Fe?*, Fe** and Al. The transition from
monoclinic to triclinic members of this group
with the general formula Ca,D(1)D(2)M(1),M
(2),Be4(PO4)¢(OH)4X,-4H,0 is accompanied by
the doubling of the number of octahedral sites and
the increase of independent tetrahedral sites from 3
to 5 (from 1 to 2 for Be and from 2 to 3 for P). As a
result, additional splitting of the bands of P-O- and
Be—O-stretching vibrations is observed (Chukanov
et al. 2005b; Atencio et al. 2008).

1.2  The Full-Profile Analysis

Unlike traditional treatment of IR spectra of
minerals as a number of discrete absorption
bands, the full-profile analysis is based on the

consideration of the whole spectral curve within
a certain range of frequencies (Dubovitskiy and
Chukanov 2004; Chukanov et al. 2008). Spectral
curves are considered as elements of a multidi-
mensional vector space. The key-point of the
method consists in best fitting of analyzed spec-
trum by nonnegative linear combination of
spectra of known samples from the base set.
This approach is numerically stable due to the
application of the concepts of integral error
functional and generalized positive solution.
Automated data processing is possible with prac-
tically unlimited base set of reference spectra.
The application of full-profile IRS analysis
makes it possible to avoid combinatorial stage
from the procedure of identification of minerals.

Generally, the full-profile analysis implies the
solution of the following minimization problem:

/'ZXI j L,,a) + &(w) — (L, »)|’dw — min,

JjeJ

where 6(/,w) = In(I(0,w)/(l,w)) is absorbance
spectrum of a layer of a mineral under investiga-
tion with the thickness of /; 6;(L;, w) are absor-
bance spectra of minerals from the available
database; x; > 0 are nonnegative coefficients to
be found as a result of the solution of the mini-
mization problem; {(w) is a scattering correction
function; p > 1 is Holder factor that determines
the norm of the function space. The function &(w)
can be expressed as a polynomial with optimized
parameters or as a linear combination of experi-
mental scattering curves with optimized
coefficients. On the first step, of the full-profile
analysis, the optimized nonnegative coefficients
x; are determined. In the course of iterations,
negative coefficients are rejected. As a result,
from the database containing several thousand
spectra, no more than several tens spectra giving
positive contribution can be selected. On the
second stage, normalized optimized coefficients
x; are determined in accordance with the condi-

tion » x; = 1.
7

When any analyzed mineral species is present in
the database, it will be recognized automatically
(the spectrum of corresponding sample from the
database will have a coefficient x}‘ close to 1).
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When analyzed sample is a mixture of several
minerals, the result of the full-profile analysis is a
set of the coefficients x; reflecting the composition
of the mixture. In most cases when a sample under
investigation is absent in the database, the result of
the full-profile analysis is a combination of spectra
of minerals that have a close chemical or structural
relationship with this sample. For example, the full-
profile analysis of the spectrum of sodium
boltwoodite (H30)Na(UO,)(SiO4)-H>,O on the
basis of 3,126 spectra of other (except sodium
boltwoodite) minerals (Fig. 1.7) results in the linear
combination of only 19 nonzero components
with the contribution of silicates of 81 %.
Among silicates, uranyl nesosilicates boltwoodite,
HK(UO,)(Si04)-1.5H,0 and uranophane, Ca
(U0O,),(HSi04),-H,0, make the greatest contribu-
tion of 72 % to the total absorbance in the
approximating spectrum. Numerous examples of
the application of the full-profile analysis to IR
spectra of minerals are considered by Chukanov
et al. (2008).

On the basis of the above-described approach
based on the full-profile analysis, an IRS-based
quantitative criterion of crystal-chemical similar-
ity (CCS) can be introduced for pairs of minerals
to be compared. CCS can be expressed as
normalized square deviation of an analyzed

800

10I00 12IOD 14100 16|00 cm’
spectrum from a reference spectrum or from an
approximating nonnegative linear combination
of reference spectra. Being based on empirical
spectroscopic data, this criterion reflects real
crystal-chemical relationships: pairs of minerals
with similar structure type have the lowest CCS
values. Within a given structure type, CCS
characterizes compositional relationships.

In order to make full-profile IRS analysis a
customary method in mineralogical investigations,
during last 20 years a representative collection of
IRS of well-characterized mineral samples was
formed by the author. It includes about 3,400
spectra of more than 2,200 mineral species. In
frames of this work, IRS database was created,
and more than 150 new mineral species have
been discovered.

1.3 Polymerization of
Coordination Polyhedra

and Structure Topology

An empirical correlation between the number of
edges shared per MnOg octahedron and major
Mn-O-stretching band positions in IR spectra of
tetravalent Mn oxides was obtained by Potter and
Rossman (1979). Similar correlations are known
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Fig. 1.8 Correlation between the stretching frequency
of (Ti,Nb)-O and the content of D cations in
labuntsovite-group minerals calculated from structural
data (open circles) and as £V'M** = Ti + Nb + Mg +
Mn + Fe + Zn — 8 for samples with unknown structures
(black circles). The numbers correspond to korobitsynite
(1-3), nenadkevichite (4, 5), lemmleinite-K (6-8, 10),
tsepinite-Na (9), “paralabuntsovite-” (11), “labuntsovite-"

for different groups of minerals. Theoretical
background of this phenomenon, first observed
in IR spectra of organic polymers, is considered
in Loghinov et al. (1979); Chukanov (1980);
Chukanov and Kumpanenko (1988).

In labuntsovite-group minerals A4B4C4D>
Mg(S8i1,01,)4(OH,0)5-nH,0, chains of vertice-
sharing MOg octahedra (M = Ti, Nb) are linked
by the rings Si4O;, and additional octahedra DOg¢
(typically, D = Fe**, Mn**, Zn, Mg or Ca); A, B
and C are low-force-strength extraframework
cations. The presence of vacancies (from O to
100 % of the D site) is typical for these minerals.
In terms of the cluster approximation and the first-
order perturbation theory, it was shown (Chukanov
et al. 2003) that the linking of chains of (Ti,Nb)Og
octahedra (M-octahedra) by additional D-octahedra
with lower-force characteristics (D = Fe, Mg, Mn
or Zn) in the labuntsovite-group minerals results in
a linear correlation between the number of D atoms
per formula unit and the wavenumber (vpm_o) of
the IR-active band of (TiNb)-O-stretching

1.0 1.5 2.0 ZD

(12, 14, 15), lemmleinite-Ba (13), labuntsovite-Fe (16),
labuntsovite-Mg (17, 21, 22, 26), paralabuntsovite-Mg
(18), labuntsovite-Mn (19, 21, 23), vuoriyarvite-K (20),
karupmgllerite-Ca (24), kuzmenkoite-Mn (25, 27, 30),
kuzmenkoite-Zn (28), organovaite-Mn (29), gutkovaite-
Mn (31), organovaite-Zn (32, 33) and parakuzmenkoite-
Fe (34) (After Chukanov et al. 2003; Chukanov and
Pekov 2005)

vibrations (in the range 660~700 cm ). This band
is single and its position is almost independent on
the Ti:Nbratio. Indeed, as one can see from Fig. 1.8,
the position of the Ti(Nb)-O-stretching band does
linearly correlate with the occupancy of the D site
(for samples with unknown crystal structure, the
occupancy of the D site has been obtained from
the chemical data alone as n — 8, n being the total
number of octahedrally coordinated atoms Ti, Nb,
Fe, Mg, Mn, Zn). The scatter of points in Fig. 1.8 is
due mainly to the presence of lower-force-strength
cations (Ca and Na) in the D site. On the basis of
structural and IR spectroscopic data for
labuntsovite-group minerals gjerdingenite-Na and
gjerdingenite-Ca (Pekov et al. 2007), the correlation
was generalized for the case D = (Fe,Mg,Mn,
Zn),CayNa.O ., . as follows:
v[(Ti,Nb)-O] (ecm™ ) = 667 + 27.02x +
18.32y + 8.60z. The coefficients 27.02, 18.32
and 8.60 reflect force constants of bonds formed
by oxygen and cations (Fe**, Mn?*, Zn, Mg), Ca
and Na, respectively.



8 1
7054 | = A
o B o
Vi 7004| O C m
I 1l o b
695 | <°> £ 0
ic th
690- ’ H - -
A © °8 =(.)I H e
685 | %« J O 0,0 mm m_m
w K A .ZQ ® 4 A L] "8
AAA " O
680 - A
<* ﬁ A oo
675
670 x X
1% "o
665 T T T T T T T
550 555 560 565 570 575 580
Vi

Fig. 1.9 Wavenumbers of absorption maxima of the
bands vy and vy in IR spectra of cancrinite s.s. (A), HyO-
poor cancrinite (B), cancrisilite (C), kyanoxalite and C;04-
rich members of the cancrinite-kyanoxalite series (D),
hydroxycancrinite and a COs-poor member of the
cancrinite-hydroxycancrinite series (E), depmeierite (F),
vishnevite (G), pitiglianoite (H), balliranoite and COs-
rich members of the davyne-balliranoite series (/), davyne
(J), quadridavyne (K) (After Chukanov et al. 2011)

A simple correlation exists between the
weighted average frequency (vs;_o) of the Si-O-
stretching vibrations (in the range from 800 to
1,200 cm™ ") and the mean number of vertices
that a SiO,4 tetrahedron shares with other SiO4
tetrahedra (Chukanov 1995). For aluminosilicates
with the anion stoichiometry Si,Al,O,, the corre-
lation is the following (Chukanov 1995):

(vsi —O)(cm™") = (337.8¢+ 1,827)(0.6428¢ + 1)

where 1 = z(x+0.5y) "
(1.1

This correlation can be violated in case of the
presence of protonated SiOy, tetrahedra (see below),
but for neutral silicates there is a distinct trend to
the increase of (vs;_o) in the series of Al-
free minerals: nesosilicates — sorosilicates —
silicates with triorthogroups Si;0;9 — inosilicates
with simple chains and cyclosilicates with simple
rings — amphiboles — phyllosilicates and sili-
cate with double tetrahedral rings — modifications
of SiO,. The presence of Al and especially Fe** in
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tetrahedral sites results in the lowering of the
<IJSi,0> value.

The range of wavenumbers from 500 to
800 cm™' can be considered as “fingerprint
region” sensitive to the composition and the topo-
logical features of the tetrahedral frameworks (Si,
Al)O; and (Si,Be)O, in tecto-aluminosilicates and
beryllosilicates. The most well-known example is
presented by the zeolite group.

Another example is cancrinite mineral group.
Feldspathoids of the cancrinite group (Bonaccorsi
and Merlino 2005; Pekov et al. 2011) are hexagonal
or trigonal tecto-aluminosilicates with frameworks
consisting of layers containing six-membered rings
of Si- and Al-centered tetrahedra perpendicular to
the ¢ axis. The rings centered by six-fold or three-
fold axes [1/3 2/3 z], [2/3 1/3 z] and [0 O z] are
usually denoted by the letters A, B and C, respec-
tively. Rings of each type form layers (levels).
Every ring is linked to three rings of the preceding
layer and to three rings of the succeeding layer. The
stacking of the A, B, C layers along the ¢ axis
determines the type of framework that contains
zeolitic cavities forming channels running along
[001]. The channels host extraframework cations
(major: Na*, Ca?*, K*), anions (species-defining:
CO;*, SO, CI", OH ™, §*7, C,0,%7, POS))
and, in many cases, H,O molecules. The diversity
of cancrinite-group minerals (CGM) is determined
by the type of ALSi,0 framework and the composi-
tion and distribution of extraframework cations and
anions.

For cancrinite-group minerals with the simplest
attacking sequence AB, three bands, vy, vy and vy,
corresponding to mixed vibrations of the frame-
work tetrahedra (in the ranges 550581 cm ™' for
vy, 608-630 cm ™' for vy and 667-704 cm ™' for
V), are observed in the range 540-720 cm ! (see,
e.g. Figs. 1.2 and 1.3). The positions of these bands
depend on the combinations of extraframework
cations and anions in different sites (Chukanov
etal. 2011; see Fig. 1.9), but generally IR spectrum
in this region is characteristic of all these minerals.

In IR spectra of cancrinite-group minerals
with more complex structures and the number
of layers more than 2 per unit cell, the number
of absorption bands in the range 540-720 cm '
is more than 3 (see, e.g. IR spectrum of
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biachellaite, a cancrinite-group mineral with the
stacking sequence ABCABCACACBACBACB-
CACBACBACBABC per unit cell; Figs. 1.10
and 1.11).

Beryllosilicates with the common formula
BaBe,Si,05, clinobarylite (space group Pm,
a=11618, b=4904, c=4655 A,
f = 89.94°) and barylite (space group P2;na or
Pmna; a = 11.65, b~ 9.8, ¢ ~ 4.65 A), are
another example of dimorphs with different
framework  topology  (Rastsvetaeva  and
Chukanov 2003). These polymorphs are similar
by the powder X-ray diffraction patterns, but
they can be easily distinguished by IR spectra
(Figs. 1.12 and 1.13).

1.4 Hydrogen-Bearing Groups

and Hydrogen Bonding

As noted by Libovitzky and Beran (2004), hydro-
gen is a major, a minor and a trace constituent of a
broad variety of minerals in the Earth’s litho-
sphere. In minerals and inorganic compounds,
hydrogen can be present in different forms includ-
ing isolated H>O molecules and OH anion; free
(non-covalent-bonded) proton H; hydronium ion
H;0" and its hydrated complexes H;O"-nH,0;
different acid anions like HCO3™, HPO427,
H,PO,” and HAsO, ; primary, secondary and
tertiary silanol groups and ammonium cations

1001

_.-/'\\\

Fig. 1.10 A fragment of the tetrahedral framework (a)
and cancrinite-type column (b) in the structure of
biachellaite (After Chukanov et al. 2009). The unit cell
is outlined

1000

2000

3000

Fig. 1.11 IR spectrum of biachellaite (After Chukanov et al. 2009)
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Fig. 1.12 IR spectra of clinobarylite and barylite
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NH,*. The diversity of the nature of hydrogen in
minerals is caused also by the formation of hydro-
gen bonds of different types and by different
vibrational states of hydrogen-bearing groups.

Among different factors hindering the investi-
gation of the chemical nature of hydrogen in
inorganic solids, the most important are high
mobility of this element (promoted by its small
size, tunneling effect and low energies of hetero-
lytic dissociation of acid groups), inapplicability
of electron microprobe analysis and restricted
applicability of methods based on the diffraction
of X-ray radiation. It is important to note that H
atom contains only one electron that in different
compounds is involved in the formation of a
binding orbital. As a result, only the determina-
tion of the position of the electron pair (but not of
the H atom itself) is possible by means of struc-
tural methods based on X-ray diffraction. In par-
ticular, the lengths of covalent O-H bonds
determined from X-ray diffraction data are, on
the average, 0.2 A less than the real values (Baur
1972). Moreover, isolated H* cation cannot be
detected by X-ray diffraction methods because it
does not contain electrons.

IR spectroscopy is one of the most sensitive
determining hydrogen-bearing

methods in

Fig. 1.13 The crystal structures of clinobarylite (a) and barylite (b)
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groups in minerals. Apparently, the most appro-
priate approach to the investigation of the nature
of hydrogen in minerals would be a combination
of structural, chemical and spectroscopic (IR,
Raman, NMR) methods.

Generally, the formation of hydrogen bond is
accompanied by the weakening of the covalent
bond formed by H atom with an electronegative
A atom and as a result by the lowering of the
frequency of A-H-stretching frequency v(A-H)
(usually, A = O or N). One of the first attempts
to find correlations between v(A-H) and the
length of H-bond in crystals was made by
Pimentel and Sederholm (1956).

Later the following improved empirical
correlations between O—H-stretching frequencies
in IR spectra of minerals and O---O and H---O
distances (obtained from structural data) were
established by E. Libowitzky (1999):

v(em™") = 3592 — 304 - 10°

-exp[—d(O---0)/0.1321]. (1.2)

v(em™) = 3632 — 1.79 - 10°

-exp[—d(H---0)/0.2146]. (1.3)

As noted above, the lengths of covalent O—H
bonds determined from X-ray diffraction data are
about 0.2 A less than the real values (typically,
from 0.95 to 1 A). For this reason, the value d
(H---0) in the correlation (1.3) should be con-
sidered as the distance between O atom and
maximum of electron density of the bonding
electron pair.

It should be also noted that at high frequencies
(above 3,500 cm_l) substantial deviations from
the correlations (1.2) and (1.3) are possible
because O—H-stretching frequencies depend not
only on O---O and H: - -O distances, but also on
the nature of cations coordinating O-H groups
and H,O molecules, as well as on the angle
O-H---0O, and the influence of these factors
becomes most evident in case of weak hydrogen
bonds. The equations (1.2) and (1.3) predict that

maximum possible values of O-H-stretching
frequencies for minerals are 3,592 and
3,632 cm ', respectively. However, for

1

numerous minerals bands of O-H-stretching
vibrations are located at higher frequencies. For
example, in IR spectra of magnesium serpen-
tines, brucite and kaolinite, the strongest O—H-
stretching bands are observed between 3,650 and
3,700 cm ™.

In case of weak hydrogen bonds formed by OH
groups, O—H-stretching frequencies depend mainly
on the nature of triads of cations coordinating
the OH group (e.g. MgMgMg, MgMgFe*",
MgFe?*Fe?*, Fe’*Fe’*0, MgMgFe™*, AlFe’ D,
where O is vacancy). Corresponding relationships
are considered in numerous publications dealing
with rock-forming minerals (amphiboles, micas,
clay minerals). A similar approach was applied in
the first description of zincolivenite CuZn(AsOg4)
(OH) (Chukanov et al. 2007).

Holotype zincolivenite, as well as “cuprian
adamite” by Toman (1978), is a natural analogue
of cation-ordered synthetic phase with Cu:
Zn = 1:1. In this mineral, Cu atoms form
distorted octahedra with Cu—O distances from
1.986 to 2409 A (Jahn-Teller distortion).
Zn atoms occupy five-coordinated sites with
Zn-O distances from 1.998 to 2.074 A. OH
groups occupy one site coordinated by two
Cu atoms and one Zn atom. IR spectrum
of zincolivenite confirms high degree of
cation ordering: in the range of O—H-stretching
vibrations (3,400-3,550 cm_l), single band
of CuCuZnOH clusters is observed; bands
of CuCuCuOH, CuZnZnOH and ZnZnZnOH
are absent. Intermediate members of the series
olivenite-zincolivenite and zincolivenite-adamite
give more than one band in this range (Fig. 1.14)
having maximums at 3,420-3430 cm '
(CuCuCuOH), 3,470-3,480 cm ™' (CuCuZnOH),
3490-3,500 cm™'  (CuZnZnOH)  and
3,530-3,540 cm™' (ZnZnZnOH). Similar conclu-
sion was made by J.E. Chisholm (1984) on the basis
of IR spectroscopic data for synthetic
series olivenite Cuy(AsO4)(OH) - adamite
Zny(AsO4)(OH).

The above consideration shows that
zincolivenite is isostructural with Cu-Zn-ordered
phosphate  zincolibethenite =~ CuZn(PO4)(OH)
(Braithwaite et al. 2005) and is its As-dominant
analogue.
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Fig. 1.14 Wavenumbers of the bands of O-H-stretching
vibrations for differently coordinated OH groups in Zn-poor
olivenite from Tsumeb, Namibia (/); Zn-enriched olivenite
from Tsumeb, Namibia (2); Zn-enriched olivenite from

IR spectra of acid salts (silicates, carbonates,
phosphates, etc.) possess a number of specific
features including the presence of relatively
broad bands of acid OH groups (in the range
1,700-3,000 cm™"), splitting and shifts of the
bands of stretching vibrations of anions. As
noted above, the correlation (1.1) between the
weighted average frequency (vsi_o) of the
Si—O-stretching vibrations and stoichiometry of
tetrahedral part of aluminosilicates can be
violated in case of the presence of protonated
SiO, tetrahedra. This phenomenon is graphically
illustrated in Fig. 1.15.

As seen from Fig. 1.15, different acid silicates
show different degree of the deviation from the
correlation (1.1). For some formally acid
inosilicates (pectolite, serandite, babingtonite,
nambulite, marsturite and some other related
minerals), these deviations are almost absent.
As it was shown by Chukanov and Pekov
(2012), the cause of these differences is
connected with the character of chemical bonds
formed by hydrogen. In pectolite and related
anhydrous acid inosilicates, silanol groups
SiOH are absent: H* cation does not form strong

Novoveska Huta, Slovakia (3); zincolivenite from Lavrion,
Greece (4); Cu-enriched adamite from Dalnegorsk, Russia
(5); Cu-poor adamite from Lavrion, Greece (6) and Cu-poor
adamite from Ojuela mine, Mexico (7)

covalent bond with oxygen, and the influence of
hydrogen on the vibrations of silicate chain is
weak. In IR spectra of these minerals, a distinct
band corresponding to vibrations of H* cation is
observed in the range 1,250-1,500 cm ™!, In most
other acid silicates, silanol groups forming strong
hydrogen bonds are present which results in the
increase of the (vs;_o) value.

It was shown (Nyfeler and Armbruster 1998)
that “the Si—OH distance decreases with the
number of bridging O atoms (Si—O-Si) from
average values of 1.668 A for orthosilicates to
1.604 A for tetrahedra with three bridging O
atoms”. Additional distortions of silicate anions
can be due to strong hydrogen bonds between
silanol groups and water molecules. As a result,
the strongest deviations from the correlation
(1.1) are observed for acid silicates with isolated
groups  HSiOs~, H,SiO,*~, HSiL,0,,
HSi30107_, H25i30106_, as well as for hydrous
acid silicates with polymerized SiO, tetrahedra.
Several examples of IR spectra of these minerals
are given in Figs. 1.16, 1.17, 1.18, and 1.19. For
silanol groups forming three bridging Si-O
bonds, a series of rather strong bands is usually
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Fig. 1.15 Correlation between (k) and ¢ for dif-
ferent modifications of SiO, ([/), tectosilicates (2),
phyllosilicates (3), including magnesium serpentines
(3a), amphiboles (4), inosilicates with chains (SiO3).,
(5), silicates with tubular anion topology (fenaksite,
agrellite etc.: 6), sorosilicates (7), nesosilicates (8),
aluminates (9), melanophlogite (/0), nordite (//),

4 5 t

inesite (/2) and xonotlite (/3). Points deviating from the
correlation towards high-frequency values (denoted by
starlets) correspond to acid silicates megacyclite,
lovozerite, tisinalite and litvinskite (A), rosenhahnite
(B), chesnokovite (C), afwillite and bultfonteinite (D),
aklimaite (E), yegorovite (F), suolunite (G), olmiite and
poldervaartite (H)
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Fig. 1.16 1R spectrum of acid nesosilicate (i.e. orthosilicate) afwillite (revised formula Caz[SiO4][SiO,(OH),]-2H,0;
see Rastsvetaeva et al. 2009) from the Yoko-Dovyren massif, Northern Baikal area
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Fig. 1.17 IR spectrum of acid sorosilicate (i.e. diorthosilicate) suolunite Ca,[Si,Os(OH),]-H,O from the Yoko-

Dovyren massif, Northern Baikal area
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Fig. 1.18 IR spectrum of acid triorthosilicate rosenhahnite HCa3(HSi30;¢) from the Bazhenovskoye deposit,

Middle Urals

observed in the range 1,700-3,200 cm™!
(Figs. 1.16, 1.17, and 1.18). These bands indicate
the presence of multiple states of hydrogen with
different O—H-bond strengths (Chukanov and
Pekov 2012).

Analogous bands in the range 1,700-
3,200 cm™ !, as well as bands in the range 1,250—
1,500 cm™", are present in IR spectra of some
hydrous acid cyclosilicates (e.g. megacyclite),

but as a rule they are not observed in IR spectra
of anhydrous acid cyclosilicates, e.g. anhydrous
lovozerite-group minerals bearing silanol groups
(Chukanov and Pekov 2012). In other words, hydro-
gen bonding with water molecules results in the
polarization and the dissociation of silanol groups.

Vibrational spectra of hydronium cation H;O"
and hydronium-water clusters (Zundel cation
Hs0,*, Eigen cation HyO4" and other forms of



1.4  Hydrogen-Bearing Groups and Hydrogen Bonding

[30]
©
o
—

1000

2000

3000 cm’’

Fig. 1.19 IR spectrum of hydrous acid inosilicate yegorovite Nay[Si,O4(OH);,],-7H,O from the Palitra pegmatite,

Lovozero massif, Kola peninsula

hydrated proton) in solids and liquids are
discussed in numerous publications (Yukhnevich
1973; Wilkins et al. 1974; Muguet 1996; Kim
et al. 2002; Sobolewski and Domcke 2002;
Christie 2004; Ortega et al. 2005; Park et al.
2007; Stoyanov et al. 2010; Jianging Xu et al.
2011). Available experimental data and theoreti-
cal studies (including ab initio calculations) dem-
onstrate wide variations of band positions in
vibrational spectra of these groups, depending
on their configuration and hydrogen bonding. In
most cases, a series of broad bands is present in
the range 1,100-3,600 cm~ . Characteristic
bands of the cation H;30¢ present in aqueous
solutions of different acids are observed at
3,134 £ 12, 2,816 + 40, 1,746 £ 11,
1,202 + 4 and 654 £+ 12 cmfl, along with a
continuous broad absorption from 600 to
3,400 cm ™! (Stoyanov et al. 2010). The presence
of the band in the range 1,700-1,800 cm !in IR
spectra of hydronium cation and its aqueous
complexes is noted also in other publications
(Yukhnevich 1973; Muguet 1996; Kim et al.
2002; Asmis et al. 2003; Headrick et al. 2004;
Hammer et al. 2005; Park et al. 2007). Appar-
ently this band could be considered as one of the
most reliable indications of the presence of
hydrated proton.

There are few valid mineral species, in which
hydronium cation is considered as a species-
defining component. Among them, there are
aqualite, larisaite, chernikovite, trogerite (‘“hydro-
gen uranospinite”), hydroniumjarosite and
schlossmacherite. In most cases IR spectra of
these minerals contain bands (at least weak ones
or shoulders) in the range 1,700-1,800 cm ™', For
example, for trogerite [“hydrogen uranospinite”,
(H50)(UO,)(AsO4)-3H,0], the IR absorption
band at 1,740 cm ™! is indicated by Wilkins et al.
(1974). However, there are exceptions from this
rule. One of them is minerals of the alunite-
jarosite group. Their general formula is
DG3(TO4)- X6, where species-defining
components are T = S®, P°* or As”"; G = AI’*,
Fe**, V3*, Ga>*, Cu®* or Zn>"; D = K*, Na*, TI",
Ag*, NH,*, H;0%, Ca**, Sr**, Ba**, Pb®*, REE’",
Bi**, Th**, H,O or vacancy; X are usually OH™
anions.

The nature of hydroniumjarosite and
“hydroniumalunite”  (schlossmacherite) has
been discussed repeatedly in connection with
specific features of IR spectra of these minerals
and their synthetic analogues. Hydroniumjarosite
and schlossmacherite are considered as H;O-
dominant members of the alunite-jarosite group
with idealized formulae (H3O)Fes(SO,4),(OH)g
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and (H30,Cag5)Al3(SO,4)2(OH)g, respectively.
Members of solid solutions with the general for-
mula (K,Na,H3;0,Pb,Ca)(Fe,Al,Zn)3;(SO4),(OH);
are considered to be typical minerals of oxidation
zones of sulphide ore deposits. However, in IR
spectra of synthetic ‘“hydroniumjarosite” and
“hydroniumalunite”, as well as (Na,K)-deficient
alunite-jarosite group minerals, characteristic
bands of H;O" cations are usually absent. Instead
of this, bands of HOH bending vibrations are
often observed in the range 1,575-1,650 cm !
(Wilkins et al. 1974; Majzlan et al. 2004;
Basciano 2008; this book, Chap. 2). It means
that the acid-base equilibrium H;O0" + OH™ «
H,O + H,O (Wilkins et al. 1974) in these
minerals is strongly shifted to the right side,
corresponding to the presence of H,O molecules
in two sites (one in D and another one in X). Note
that already in one in the first publications on this
subject (Hendricks 1937), for a synthetic com-
pound with jarosite-type structure, but without
large cations, the following formula was
suggested: H20~Fe3+3(SO4)2(OH)5-H20.

The single-crystal X-ray study of synthetic ana-
logue of hydroniumjarosite (Majzlan et al. 2004)
did not reveal the position of the H atoms that could
belong to the H3O" group, despite the position of H
atoms of the OH group was readily located in the
difference Fourier maps. The presence of two IR
bands of HOH bending vibrations in the range
1,575-1,650 cm™ ! of the IR spectrum of this sam-
ple indicates the presence of H,O molecules in two
different sites. Based on these facts, one can sup-
pose that H,O molecules were not located in syn-
thetic analogue of hydroniumjarosite because they
do not conform to R-3 m symmetry.

In IR spectrum of synthetic analogue of
ammoniojarosite, a band at 1,743 cm ! was
detected (Basciano 2008) that could be an indi-
cation of the admixture of H3;O" cations. Taking
into account this observation, the existence of
hydroniumjarosite s.s. (as a metastable phase
with the predominance of H;O* cations in D
site) cannot be ruled out.

In IR spectra of some samples of synthetic
H,0-bearing analogue of hydroniumjarosite, a
band of acid sulphate groups HSO, is present
in the range 1,900-2,000 cm ™! (Basciano and
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Peterson 2008). Note that partial protonation of
tetrahedral anionic groups in nominally neutral
(i.e. not acid) sulphates, arsenates and
phosphates is a common phenomenon. In IR
spectra of such compounds and minerals, weak
bands that cannot be assigned to overtones or
mixed modes (two-quantum excitation) are pres-

ent in the range 1,800-2,500 cm L

1.5  Solid-Solution Series

One can distinguish between three kinds of

substitutions resulting in the formation of solid-

solution series of minerals within the same struc-
tural motif:

1. Substitutions between monoatomic ions. Such
substitutions can be isovalent (e.g. involving
groups of cations K* <> Na*, Fe?" & Mg*" —
Mn?* or anions F~ «<»Cl17) or heterovalent (the
typical examples are Ca’* < Na®, Ba’* <
K", 0 o F7). In the latter case, charge
compensation is required in another site of
the structure. As a rule, substitutions between
monoatomic ions result in linear dependences
of the positions of IR bands on the contents of
impurities in a given site.

2. Substitutions between polyatomic groups
with covalent interatomic bonds (the
typical examples are COs*>~ & SO «
PO, < AsO” & VO, « Si0s*M).
Such substitutions can be also isovalent or
heterovalent and result in the shifts of some
IR bands. In addition, each polyatomic impu-
rity group gives additional characteristic
bands in the IR spectrum.

3. Substitutions between blocks or clusters
including several ions and groups. In particu-
lar, such solid solutions are typical for
heterophyllosilicates and  minerals of
labuntsovite and eudialyte groups.

In cases of two-component solid solutions,
their compositions can be easily estimated from
IR spectra after preliminary calibration using
samples with known compositions. The case of
multicomponent solid solutions is more compli-
cated (see, e.g. Fig. 1.20). For example, as it was
shown by Chukanov and Stepanov (1989),
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Fig. 1.20 Diagram in coordinates of shifts (cm™") of the
bands of in-plane (v;) and out-of-plane (v,) vibrations of
calcite- and dolomite-group carbonates (Ca,Mn,Mg,Fe)
(CO3) with respect to corresponding bands of pure
CaCOs;. The figures correspond to the areas of calcite
(1), rhodochrosite (2), siderite (3), magnesite (4), dolo-
mite (5), ankerite (6) and kutnohorite (7)
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formula coefficients for Ca-free carbonates
Mg,Fe,Mn(COs3) can be calculated from the fol-
lowing equations:

y = 0.0667Av; — 0.0138Av;, +0.914.

t =197+ 1.16y — 0.080Av;.
z=1—-y—t

Violations from linear correlations between
band shifts and contents of impurities are possible
in cases of resonance with other modes or lattice
straining due to strong differences between radii
of ions present in the same site. Asymmetric
broadening of IR bands is an indication of lattice
straining caused by strong differences of the sizes
of replaced and replacing ions or groups (see
Berlyand et al. 1991; Fig. 1.21a, b).

Force Parameters of Cations in
Silicates

1.6

In the harmonic approximation, the potential part
of the vibrational energy per unit cell can be
expressed as U = Zkijqiqj, where 1 < i, j < N;
N is the number of vibrational degrees of

Fig. 1.21 Calculated from
the IR spectra (circles) and
theoretical (Berlyand et al.
1991, curves) frequency
distribution densities for
samples of Fe-bearing
calcite with the formulae
(a) Cag.g2Fep 03(CO3) and
(b) Cag gsFep.15(CO3)
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Table 1.1 Characteristics of some cations in silicates

The Application of IR Spectroscopy to the Investigation of Minerals

Cation Coordination Ranges of ionic Ranges of stretching
type number radii, A Examples of cations frequencies, cm ™'
H* 2 <0.1 H* 2,000-3,700
T 4 0.2-0.5 Si*', A", P°*, B> 800-1,200
M 6 0.6-0.7 Ti**, Nb™, Zr**, A", Fe™, Y7, 500-750
Mn3+ Sn4+ W6+
D¢ 6 0.7-1.0 Mn?*, Fe?*, Mg**, Zn**, Ca** 400-500
A >6 1.1-1.5 Na®, K*, Ca®*, Sr**, Ba®*, Pb** <400

“Hydrogen atom forming one covalent bond and one hydrogen bond

"High-force-strength octahedral cations with charges >2
“Medium-force-strength bivalent octahedral cations

freedom per unit cell and g; and g; are deviations
of local coordinates (i.e. lengths of chemical
bonds and angles between them) from their equi-
librium values. The values k;; with i = j are usu-
ally much higher than that with i # j, and
therefore, the parameter k; = |0*U /g | can be
considered as a proper force characteristic of the
ith bond. Generally speaking, the frequencies of
absorption bands in the IR spectra of crystalline
substances correspond to lattice modes and are
related to collective vibrations of a large number
of atoms within the region of coherent vibrations.
However, in real periodic structures collective
vibrations of each kind involve mainly chemical
bonds of a certain type, and, as a result,
frequencies of normal vibrations are determined
by local force parameters of these bonds (see,
e.g. Loghinov et al. 1979; Chukanov and
Kumpanenko 1988). Thus, with a certain degree
of approximation, the frequency v; of a spectral
band of stretching vibrations involving chemical
bonds of a given type is connected with the force
parameter k;; of these bonds according the equa-
tion kij = 47r2,uz/i2, where p is the reduced mass of
corresponding normal oscillator (for cations with
atomic numbers >12 coordinated by oxygen, the
value of p varies from 10 to 16).

The values k;; of the bonds formed by cations
with oxygen (and consequently the frequencies
of corresponding stretching normal vibrations v;)
depend on the cation charge, the cation coordi-
nation number and the mean cation—anion dis-
tance. With a definite degree of conditionality,
one can divide cations in silicates in five types in
accordance with their force and spectroscopic
characteristics (Table 1.1).

In the so-called amphoterosilicates containing
high-force-strength amphoteric cations of the M
type (heteroframework silicates, heterophyllo-
silicates, etc.), all types of cations can be present
in the same structure showing different
properties (Chukanov and Pekov 2005). For
example, A cations in low-density structures
show trend to substitutions by other cations, site
splitting and the presence of vacancies in A sites.
For D sites vacancies and substitutions (but not
splitting) are also typical. For M and T sites
vacancies and splitting are nontypical, but
isovalent and heterovalent substitution is a com-
mon occurrence. Some examples of general
formulae of some ‘“amphoterosilicates” with
grouping of cations in accordance with their
force characteristics are given below:
Labuntsovite group (monoclinic members):

A14A24A3,D,Mg(T4012)4(OH,0)5-nH,0.
Lovozerite group: A13A23D,MT¢0,,04..(OH),-

I’leO
Kukisvumite group: AcDM 4(T,0¢)404-4H,0.

Note that this classification of cations in accor-
dance with their force characteristics reflects more
general crystal-chemical relationships. In particu-
lar, wide mutual substitutions between cations
belonging to the same type are common in
minerals. For cations from different groups, mutual
substitutions are usually restricted.

Two low-charge cations with small radii, Li*
and Be?*, present special cases. A.S. Povarennykh
(1978) indicates frequency ranges 380—470 and
700-855 cm ™! for stretching vibrations of LiOy
and BeQ, tetrahedra, respectively. However, the
presence of distinct bands in the range
540-600 cm ' of IR spectra of some Li-bearing
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amphiboles, pyroxenes and micas and the absence
of such bands in their Li-free counterparts indicate
that for the tetrahedra LiO, the frequency range of
stretching vibrations should be widened.

It is important to note that frequencies of
stretching vibrations of coordination polyhedra
with oxygen-bearing ligands depend not only on
force characteristics of cations, but also on the
character of polymerization of the polyhedra (see
Sect. 2.3). In silicates with polymerized SiOy4
tetrahedra, the position of the most high-
frequency Si-O-stretching band, vg;_o(max)
depends on the value of the greatest Si—-O-Si
angle, @Psiosi- At Psiosi — 180° the value
Usi_o(max) is close to 1,200 cm ™' in Al-free
silicates and lowers with the substitution of Si
with Al. For example, in the IR spectrum of
xonotlite (with @sjos; = 180° at the stacking of
wollastonite-type chains; see Kudoh and
Takeuchi 1979) vg_o(max) is equal to
1,203 cm™". The crystal structure of tobermorite
is also based on xonotlite-type bands with @s;os;
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~ 180°. For Al-free tobermorite Cay_5[Sig(O,
OH)7]-5H,0, the value vs;_o(max) is equal to
1,203 cm™'. The substitution of Si for Al in
tobermorite results in the lowering of vs;_o(max)
(up to 1,173 em™! at 0.5 apfu Al and up to
1,150 em™' at 1 apfu Al). In IR spectra of
minerals belonging to the palygorskite and the
sepiolite groups and structurally related minerals
(“palysepioles”, with @sjosi = 180° at the
stacking of tetrahedral bands, see Camara et al.
2002; Ferraris and Gula 2005; Chukanov et al.
2012), the value vg;_o(max) varies from 1,160
to 1,212 cm™! (the lowest values correspond
to the samples with Si partly substituted by Al
or Fe’"). Another example is suolunite
Ca,[Si,05(0OH),]-H,O (Ma et al. 1999) with
@Psiosi = 1800, Z/Si_o(maX) = 1,191 Cmil. In
contrast to these examples, for cuspidine
Cag(Si,07),F4 (Saburi et al. 1977) @siosi
= 155.4°, usio(max) = 1,057 cm™'; for
kilchoanite Cag(Si30,()(Si04) (Taylor 1971)

@siosi = 117°, vsi_o(max) = 1,047 cm™".
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IR Spectra of Minerals and Reference

Samples Data

This chapter contains figures of transmittance IR
spectra of mineral species accompanied with the
descriptions of reference samples given in the
form of extended figure captions. The Sects. 2.1,
2.2, and 2.3, etc., are arranged in ascending order
of the atomic number Z, of the main species-
defining element for a given class of minerals:
first for borate minerals (with Z, = 5 for boron),
than for carbides, carbonates and organic substances
(with Z, = 6 for carbon); for ammino-complexes,
nitrates and sulfato-nitrates (with Z, = 7 for
nitrogen); for oxides and hydroxides (with
Z, = 8 for oxygen) and so on.

IR spectra presented in this chapter have been
recorded mainly in the period from 1989 to 2013.
In order to obtain absorbance or transmittance
infrared spectra, powdered mineral samples have
been mixed with anhydrous KBr, pelletized and
analysed using different spectrophotometers
(Specord 75 IR or Specord M80, Carl Zeiss, Jena,
Germany), Perkin Elmer 1600 Series FT IR spect-
rometer or ALPHA FT IR spectrometer (Bruker
Optics, Ettlingen, Germany). IR spectrum of a pure
KBr disc was subtracted from the overall spectrum.
Samples unstable in air due to rapid hydration,
dehydration or oxidation have been dispersed in
mineral oil (nuyol). In these cases, the absorption
spectrum of the oil has been subtracted from the
spectrum of the mineral suspension in nuyol.

It is important to note that reflectance mode IR
spectra, IR spectra obtained without immersion
medium (e.g. KBr), as well as IR spectra of single
crystals, coarse-grained or textured aggregates

cannot be considered as stable and reliable diag-
nostic characteristics of mineral species due to
specific effects induced by orientation, polariza-
tion, scattering and reflection conditions. For
example, in case of a single crystal, bands corres-
ponding to normal vibrations with polarization
vector parallel to the direction of propagation of
IR radiation are absent in the spectrum. However,
these bands can be observed at another orientation
of the crystal. For the above reasons, only transmit-
tance or absorbance IR spectrum of a pulverized
sample dispersed in an immersion medium is a
stable characteristic of a mineral and can be used
as a diagnostic tool.

For each reference sample, its origin (the
locality) is indicated. Additional information
includes  general appearance, associated
minerals, methods of the mineral species identi-
fication and the list of wavenumbers of absorp-
tion bands with the indication of strong bands,
weak bands and shoulders. IR spectroscopy itself
can be considered as an adequate identification
method if IR spectrum is unique for a given
mineral and coincides with IR spectrum of a
well-investigated sample.

For most samples, empirical formulae are
given, or authors of their investigations are
indicated. For more than 250 samples (mainly
for holotypes of mineral species), a more detailed
information is given including unit-cell
dimensions, symmetry, strongest reflections of
the powder X-ray diffraction pattern, empirical
formula, optical data and density.

N.V. Chukanov, Infrared spectra of mineral species: Extended library, 21
Springer Geochemistry/Mineralogy, DOI 10.1007/978-94-007-7128-4_2,

© Springer Science+Business Media Dordrecht 2014
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22
The following abbreviations are used in this
chapter:
Mt. mountain
Co. county
IR infrared
D density
Dineas  measured density
D ale calculated density
Apfu  atoms per formula unit

Z the number of formula units per unit cell

a, p,y refractive indices for biaxial minerals
w, € refractive indices for uniaxial minerals
n refractive index for isotropic minerals
2V angle between optic axes

d interplanar spacing

1 relative intensity of a line in the powder

X-ray diffraction pattern

REE rare earth elements

Ln lanthanides

S strong band

w weak band

sh shoulder (inflection point of the spectral
curve)

For the numeration of samples, double letter-
figure symbols are used. The same numeration is
used in figure captions for Chap. 1. The meaning
of letter parts of the symbols is explained in
Table 2.1. Note that these designations are con-
ventional and not unambiguous. For example,
carbokentbrooksite (Na,D)lz(Na,Ce)3Ca6Mn2+3
Z13Nb(Si»5073)(OH);(CO5)-2H,0 can be clas-
sified as cyclosilicate, as zirconosilicate or as
carbonatosilicate.

Table 2.1 The meaning of letter symbols used in the numbering of reference samples

Symbol Meaning of the symbol Symbol

B Borates Sif

Bo Borates with isolated Sif Z
orthogroups BO3

BAs Arsenato-borates Siod

BC Carbonato-borates Sir

C Carbonates Sit

Org Organic compounds and SSi
salts of organic acids

Crbd Carbides TiSi

N Minerals with NO3™ groups USi

Am Ammino-complexes VSi

(0] Oxides and hydroxides P

F Fluorides S

Si Silicates with unknown or SC
complex structures

Sio Nesosilicates (i.e. silicates SP
with orthogroups SiOy4)

Sil Phyllosilicates (with layers Cl
formed by SiO,4 and AlO4
tetrahedra)

AsSi Arsenato-silicates \"

Meaning of the symbol

Tectosilicates (aluminosilicates with 3d
frameworks formed by SiO4 and AlO, tetrahedra),
except zeolites

Zeolites

Silicates containing both orthogroups SiO,4 and
diorthogroups Si,O

m)

Cyclosilicates (“r”” means “ring”)
Triorthosilicates with groups Si;Oq

Sulfato-silicates

Titanosilicates and related zircono-, niobo- and
stannosilicates (except heterophyllosilicates and
minerals belonging to the labuntsovite and the
eudialyte groups)

Silicates with uranyl groups UO,>" (except
nesosilicates)

Vanadato-silicates

Phosphates

Sulfates

Carbonato-sulfates

Phosphato-sulfates
Chlorides and hydroxychlorides

Vanadates, V oxides and hydroxides

(continued)
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Table 2.1 (continued)
Symbol Meaning of the symbol Symbol Meaning of the symbol
BeSi Beryllosilicates Cr Chromates
BSi Borosilicates and borato- As Arsenates and arsenites
silicates
CSi Carbonato-silicates UAs Uranyl arsenates
PSi Phosphato-silicates AsS Sulfato-arsenates
Sia Amorphous silicates Se Selenites
Sib Inosilicates with bands Mo Molybdates, Mo oxides and hydroxides
formed by SiO,4 and AlO4
tetrahedra
Sic Inosilicates with chains Te Tellurates and tellurites
formed by SiO,4 and AlO,4
tetrahedra
Sid Sorosilicates (i. e. silicates w Wolframates, W oxides and hydroxides
with diorthogroups Si,O; or
SiAlO;)
2.1 Borates, Including Sulfato-Borates and Arsenato-Borates
B1 Hydrochlorborite Ca,B;04(OH),CI-7H,0O
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Locality: Salar de Carcote deposit, El Loa province, Antofagasta, Chile.

Description: Colourless crystal from the association with halite. Identified by IR spectrum and
qualitative electron microprobe analysis.

Wavenumbers (cm_l): 3525s, 3455s, 3260sh, 3070sh, 1667w, 1619, 1570, 1544, 1465sh, 1424,
1378s, 1365sh, 1240, 1170sh, 1124, 1078, 1009s, 967, 925, 904s, 822w, 764w, 703w, 664w, 603,
567, 510, 460.
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B2 Colemanite CaB;04(OH);-H,O
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Locality: Boron Open Pit, Boron, Kern Co., California, USA.
Description: Colourless crystal from the association with ulexite and kernite. Identified by IR

spectrum.

Wavenumbers (cmfl): 3608, 3525, 3245s, 1675sh, 1590sh, 1460sh, 1363s, 1330s, 1282, 1229,
1154, 1117, 1065sh, 1044s, 935s, 893s, 865sh, 813, 758, 732, 695sh, 669, 629, 603w, 578, 546w,
513, 495w, 422.

B3 Ulexite NaCaBsO4(OH)s-5SH,0
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Locality: Bulganak area of mud volcanos, Kerch peninsula, Crimea, Ukraine.

Description: White soft concretion. Specimen No. 37869 from the Fersman Mineralogical Museum
of the Russian Academy of Sciences, Moscow, Russia. Identified by IR spectrum.

Wavenumbers (cm ™ 1): 3600, 3520, 3420, 3305, 3220, 3125, 1667, 1631, 1470sh, 1413, 1395sh,
1355, 1319, 1211, 1190sh, 1099s, 1058s, 1001s, 980sh, 960sh, 921, 860s, 837, 747,716, 643, 611,
538, 505sh, 471w, 445.
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B4 Aksaite MgB607(OH)62H20
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Locality: Chelkar salt dome, Aksai Valley, Aktobe region, Kazakhstan (type locality).

Description: Colourless crystals from granular aggregate of halite. Identified by IR spectrum.

Wavenumbers (cm '): 3620, 3560w, 3410sh, 3350, 3310sh, 3215, 3120, 2490w, 1656, 1482, 1431s,
1388s, 1365s, 1344s, 1248s, 1198, 1158, 1121s, 1045, 1028, 1005sh, 957, 902, 856, 816, 735, 690,

637w, 600sh, 532w, 457w.

BS Ameghinite NaB;O5;(OH),4
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta province, Argentina (type

locality).

Description: Colourless grains. Identified by IR spectrum.

Wavenumbers (cm_l): 3540sh, 3405, 3265s, 1530s, 1467, 1431, 1355, 1324s, 1264, 1210, 1178,
1139, 1061s, 1024s, 1004sh, 985sh, 875s, 855sh, 766s, 739, 721, 683s, 630w, 618, 531w, 523,

500, 477.
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B6 Aksaite MgBGO7(OH)62H20
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Locality: Chelkar salt dome, Aksai Valley, Aktobe region, Kazakhstan (type locality).

Description: Colourless crystals from massive halite. Identified by IR spectrum.

Wavenumbers (cm '): 3610, 3550w, 3400sh, 3345, 3300sh, 3215, 3115, 1654, 1484, 1433s, 1391s,
1367s, 1347s, 1251s, 1195, 1159, 1123s, 1115s, 1046, 1028, 1000sh, 957, 903, 855, 846, 816s,

733, 690, 629, 597w, 533.

B7 Sussexite Mn>*BO,(OH)
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Locality: Franklin, Sussex Co., New Jersey, USA (type locality).

Description: Pink massive aggregate from the association with willemite and Mn carbonates.
Identified by IR spectrum. Mg-rich variety. The empirical formula is (electron microprobe)
Mnyg 50Mgo.36Zn0.04F€0.01BO2(OH).

Wavenumbers (cm"): 3560, 3515, 2890w, 2770w, 2585w, 2490, 2355sh, 2015w, 1895w, 1461sh,
1443s, 1361s, 1275sh, 1261s, 1241s, 1225s, 993, 967, 883, 826, 702s, 688, 674, 620s, 530, 514,

467w, 441, 401, 380.
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B9 Bandylite CuB(OH),F
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Locality: Palestina, Atacama, Chile.
Description: Blue crystals from the association with a betpakdalite group mineral. Identified by

IR spectrum.
Wavenumbers (cm_l): 3430sh, 3395s, 3310sh, 1257s, 1078, 912s, 636, 601, 504, 402w.

B10 Borax N32B405(OH)4'8H20
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Locality: An unknown locality in Siberia, Russia.

Description: Colourless crystal. IR spectrum was obtained using a suspension in vaseline oil.
The spectrum of vaseline oil is subtracted.

Wavenumbers (cm'): 3510s, 3410s, 3200sh, 1660sh, 1640, 1413s, 1385sh, 1330sh, 1180sh, 1127,
1070s, 1025sh, 994, 855sh, 830sh, 807, 760sh, 687sh, 652sh, 610.
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B11 Veatchite Srz[B508(OH)]2B(OH)3H20
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Locality: Inder boron deposit, Atyrau region, Kazakhstan.

Description: White fibrous aggregate. Identified by IR spectrum.

Wavenumbers (cm™"): 3440, 3340, 3280sh, 3230sh, 3105, 1650w, 1490, 1435sh, 1372s, 1265s,
1102s, 1071s, 992s, 962, 936s, 857, 823s, 769, 703, 677w, 641w, 631, 606, 570w, 506w, 489w,

478w, 460w.

B12 Luneburgite Mg3B2(PO4)2(OH)(,6H20
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Locality: Bulganak area of mud volcanos, Kerch peninsula Crimea, Ukraine.

Description: White fine-grained aggregate from the association with tincalconite and gypsum.
Identified by IR spectrum. The empirical formula is (electron microprobe) Mg, g3Fe( 0sMng o4
B1(PO4)1.95(S04)0.05(OH)6-6H,0.

Wavenumbers (cm ™ '): 3495, 3440, 3390s, 3250sh, 3215, 3100, 2965, 2625w, 1665, 1325sh, 1283,
1185, 1122s, 1075s, 1020s, 973, 891s, 830sh, 783, 712, 664, 638, 576, 537, 520sh, 462w.
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B13 Sussexite Mn”>"BO,(OH)

0.9 , . , . , . , . . . . . I
0.7 | -
o
Q
=]
£
g 05} _
172}
=]
o]
S
=
03 .
1 L 1 " 1 L 1 L 1 L 1 " 1 "

500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm‘l)

Locality: Gonzen mine, Sargans, St. Gallen, Switzerland.

Description: Pink fibrous aggregate from the association with Mn carbonates. Identified by IR
spectrum. The empirical formula is (electron microprobe) Mng g; Mg 10BO,(OH).

Wavenumbers (cm1): 3555, 3520, 2900w, 2760w, 2575w, 2470, 2000w, 1900w, 1590sh, 1442s,
1362s, 1257s, 1245sh, 1218s, 993, 969, 884, 822, 701s, 686, 673, 648, 616s, 525, 509w, 460w,

436w, 370.

B14 Schiavinatoite (Nb,Ta)BO,
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Locality: Ampanodiana North pegmatite, Tetezantsio-Andoabatokely Pegmatite Field, Andrembesoa
Commune, Betafo District, Vakinankaratra Region, Antananarivo Province, Madagascar.

Description: Grey grains from the association with rynersonite.

Wavenumbers (cmfl): 3260w, 1062s, 920sh, 865s, 581, 504s, 470sh.
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B15 Vitimite Ca6B14O|9[SO4](OH)145H20
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Locality: Borehole (depth 129.4 m) at the Solongo boron deposit, basin of the Vitim river, southern
part of the Vitimskoe plateau, Buryatia, Transbaikal Region, Russia (type locality).

Description: Veinlet in fedorovskite, in the association with calcite, priceite, kurchatovite, ludwigite,
magnetite, sphalerite and pyrite. Holotype sample. Monoclinic, pseudohexagonal, space group P2/m,
P2 or Pm;a = 14.10(2), b = 19.53(1),c = 14.05(2) A,ﬂ ~ 120°; Z = 4. The empirical formula is
Ca6_23B13_93019,24(504)(OH)13,91-4.78H20. Optlcally biaxial (—), a = 1532(3), ﬂ = 1537(1),
y = 1.540(1). Dcqe = 2.24(3) g/cm3,Dmeas = 2.29(3) g/cm3. Strong lines of powder X-ray diffrac-
tion pattern [d, A (I, %)] are 12.2 (100), 3.45 (50), 3.036 (60), 2.720 (70), 1.992 (50).

Wavenumbers (cm_l): 3570sh, 3535, 3435, 3220sh, 1650w, 1185s, 1103s, 1041s, 964s, 898. 835sh,
782, 716w, 686w, 621, 549w, 538w, 500w, 465sh.

B16 Volkovskite KC&4B22032(OH) 10C1'4H20
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Locality: Satimola salt dome, Western Kazakhstan region, Kazakhstan.

Description: Colourless platy crystals from massive halite. Identified by IR spectrum.

Wavenumbers (cm"): 3400, 3300, 3175, 3020, 1685w, 1640w, 1510, 1410s, 1386s, 1366s, 1338s,
1266s, 1250sh, 1215w, 1175sh, 1156, 1137, 1099, 1068, 1015s, 982s, 936s, 903s, 840, 812, 763,
704, 626, 610, 572w, 548w, 494w, 475w.
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B17 Vimsite CaB,O,(OH),
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,

Buryatia, Transbaikal Region, Russia.
Description: Colourless crystals from the association with calcite, kurchatovite, sakhaite, frolovite,

ludvigite and magnetite. Identified by powder X-ray diffraction pattern.
Wavenumbers (cmfl): 3560s, 3340, 3250, 1291, 1240sh, 1191, 1160sh, 1072s, 968s, 944s, 920sh,

807, 718, 646, 602, 500sh, 401.

B18 Veatchite Sr,[B5;03(OH)],B(OH);-H,O

1.0 T T ) T T — f— T T T T
(0]
2 08| .
<
E
g
|72
=}
o]
S
=
0.6 |- -
| L 1 " 1 \ // ! 1 L l "
500 1000 1500 3000 3500 4000

Wavenumber (cm'l)

Locality: Billie mine, Death Valley, California, USA.

Description: White platelets with pearly lustre. The polytype “p-veatchite”. Identified by IR
spectrum.

Wavenumbers (cm'): 3435, 3350, 3235, 3130, 1654w, 1485, 1437, 1367s, 1265, 1170sh, 1150sh,
1100, 1070, 990s, 933s, 855, 820, 767, 704, 679w, 631, 607, 567w, 509w, 491w, 477w, 460w.
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B19 Gowerite CaBgO,y-5H,0
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Locality: Death Valley, California, USA.
Description: White fibrous aggregate. Specimen No. 77795 from the Fersman Mineralogical

Museum of the Russian Academy of Sciences, Moscow, Russia.
Wavenumbers (cm ™ Y): 3325, 3210sh, 3010sh, 1620sh, 1450sh, 1415s, 1355s, 1258s, 1116, 1045sh,
1021s, 977s, 965s, 912, 861, 837w, 763, 732w, 707w, 679w, 661w, 635w, 602w, 566w, 497w,

478w, 456w.

B20 Howlite Ca,SiB5sO¢(OH)s
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Locality: Piskanya boron deposit, near Baljevac town, 60 km southern of Kraljevo, Serbia.

Description: White-grained aggregate from the association with colemanite, ulexite, veatchite and
studenitsite. Investigated by S.V. Malinko.

Wavenumbers (cm~'): 3460, 3492, 3404, 3212, 1455, 1435, 1410, 1379w, 1359, 1324, 1223, 1163,
1136, 1104, 1055sh, 1014s, 959s, 915s, 906s, 875, 761, 831s, 775, 750w, 707w, 682, 617, 595,
563w, 551w, 527, 511w, 466, 451.
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B21 Halurgite Mg,[B4O5(OH)4]-H,O
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Locality: Kungar salt deposit, Chelkar salt dome, Aksai Valley, Aktobe region, Kazakhstan (type

locality).

Description: White-grained aggregate. Identified by IR spectrum.

Wavenumbers (cm'): 3600sh, 3550sh, 3475, 3425, 3155, 3060sh, 1696, 1610w, 1442, 1375sh,
1325sh, 1310s, 1262, 1154, 1113, 1052, 996, 956s, 930sh, 897s, 859, 807, 794, 762, 731, 720,

675sh, 650w, 635w, 605w, 546w, 465w.

B22 Hydroboracite CaMgBsOg(OH)s-3H,0
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Locality: District # 99, underground mine, Inder boron deposit, Atyrau region, Kazakhstan.

Description: Yellow transparent crystal from the association with gorgeyite. Identified by IR
spectrum.

Wavenumbers (cm™"): 3600s, 3500sh, 3395, 3335, 3220s, 3140, 2925, 1660sh, 1592w, 1420sh,
1395s, 1301, 1281, 1190, 1135sh, 1100, 1084, 1060sh, 1050sh, 992s, 966s, 955sh, 887s, 858, 839,
802w, 764, 730sh, 677, 660sh, 603w, 578w, 552w, 540sh, 530w, 507w, 470w, 427w.
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B23 Gaudefroyite Ca,Mn>";05(BO5);(CO5)
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Locality: Tachgagalt manganese mine, near Ouarzazate, Morocco (type locality).
Description: Black crystals in rock. Identified by IR spectrum. The empirical formula is (electron

microprobe) Ca,3Mn, gO3(B0O3)3(CO3).
Wavenumbers (cm ™ '): 1494s, 1219s, 1138, 1110, 937, 878w, 856, 795w, 764, 752w, 735sh, 724s,

663, 621s, 591s, 550sh, 470s, 408w.

B24 Suanite Mg2B205
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Locality: Ore body No. 9’, Nalednoe deposit, upper reaches of Jana river, Sakha Republic, Russia.

Description: Dull columnar aggregate from the association with clinokurchatovite, kurchatovite,
szaibélyite, kotoite, ludwigite and calcite. Identified by IR spectrum.

Wavenumbers (cm_l): 1494s, 1450sh, 1425sh, 1285, 1265, 1186s, 1150sh, 1025, 840w, 713, 705s,
678s, 670sh, 626, 608, 536w, 495, 453, 405s, 387s.
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B25 Suanite Mg,B,05
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Locality: Nalednoe boron deposit, upper reaches of Jana river, Sakha Republic, Russia.

Description: Prismatic single-crystal grain. Identified by powder X-ray diffraction pattern.

Wavenumbers (cm ™ '): 1495s, 1443s, 1417s, 1280sh, 1266s, 1240, 1194s, 1024, 841w, 714, 679s,
629, 609, 533w, 488, 445sh, 420sh, 400sh, 388s.

B26 Szaibélyite MgBO,(OH)
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Locality: Kebiriin’ya boron deposit, upper reaches of Jana (Yana) river, Sakha Republic, Russia.

Description: White crystals from marble. Associated minerals are fluoborite, magnetite, serpentine
and chlorite. Identified by IR spectrum.

Wavenumbers (cm™"): 3690w, 3560, 2975w, 2900w, 2760w, 2620sh, 2560w, 2495, 2030w, 1925,
1825w, 1465s, 1405sh, 1388s, 1274s, 1245s, 1223s, 1014, 981, 923, 841, 703s, 679, 623s, 563,
533, 508, 486, 440s, 400s.
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B27 Ginorite Ca2B 14020(OH)6'5H20
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Locality: Chelkar salt dome, Aksai Valley, Aktobe region, Kazakhstan.

Description: Colourless crystals. Identified by IR spectrum.
Wavenumbers (ecm): 3370, 3280, 3125, 3000sh, 1650, 1460sh, 1396s, 1339s, 1259, 1191, 1170,
1129s, 1045s, 997s, 965sh, 940, 884, 834w, 810, 783w, 741, 714w, 676, 667, 602w, 554w, 538w,

504w, 460w, 438w.

B28 Inderite MgB303(OH)55H20

0.9 T T T . T . ~ f— T T T T
0.7 - -
0.5 -
0.3 -
1 " 1 " | L ya " | 1 1 "
7/

500 1000 1500 3000 3500 4000

Transmittance

Wavenumber (cm‘l)

Locality: Boron Open Pit, Boron, California, USA.

Description: Colourless prismatic crystals. Identified by IR spectrum.

Wavenumbers (cm™'): 3625, 3580, 3470s, 3435s, 3360s, 3260s, 3060sh, 2940sh, 1705sh, 1685,
1650w, 1449, 1405s, 1350s, 1280, 1260sh, 1179, 1134, 1047s, 999s, 870s, 802, 748, 675sh, 657,

620sh, 583, 568, 487w, 347w.
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B29 Ginorite Ca2B 14020(OH)6'5H20
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Locality: Mott open cut, Furnace creek, Death Valley, California, USA.
Description: White-grained aggregate. Identified by IR spectrum.

Wavenumbers (cm"): 3480sh, 3420sh, 3330, 3140, 3020sh, 1655w, 1480sh, 1381s, 1329s, 1250,
1189, 1165sh, 1132, 1042s, 991s, 941, 882, 808, 783w, 742, 715w, 678, 623sh, 605, 539w, 498w.

B30 Ekaterinite Ca,B,0-(CI,OH),-2H,0
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Locality: Borehole at the Korshunovskoe iron deposit, Irkutsk region, Siberia, Russia.

Description: Rose-foliated aggregate from the association with dolomite, shabynite, hydro-
magnesite, korshunovskite, halite, iowaite and serpentine. Identified by IR spectrum.

Wavenumbers (cm'): 3570sh, 3550, 3420, 1660w, 1193s, 1123s, 1062s, 1026, 958s, 882, 837w,
784s, 711w, 683w, 620w, 540, 499, 457, 426.
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B31 Clinokurchatovite CaMgB,05

1.0 T T T T T T — /7 T T T
©
Q
S
s
E o8} -
g
W
S
IS
Lo
=
0.6 | , 1 , ] , L4 1 , I . N
500 1000 1500 2000 3000 3500 4000

Wavenumber (cm'l)

Locality: Sayak-1V deposit, Balkhash lake area, Karagandy region, Kazakhstan (type locality).
Description: Light grey grains with perfect cleavage in boron ore. Identified by IR spectrum and
optical data. Bands with wavenumbers above 1,400 cm™ ' are not observed in the IR spectrum.
Wavenumbers (cm'): 1389s, 1353s, 1325s, 1269, 1180s, 979w, 856, 785sh, 759, 711, 669, 625,

617, 507w, 406, 389.

B32 Kaliborite KHMng 12016(OH)10'4H20
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Locality: Inder boron deposit, Atyrau region, Kazakhstan.
Description: Coarse-grained aggregate. Investigated by I.V. Pekov. Identified by powder X-ray

diffraction pattern. Confirmed by IR spectrum.

Wavenumbers (cm ): 3530sh, 3480sh, 3420, 3350, 3300sh, 3180, 3050sh, 1660sh, 1605w, 1480sh,
1427, 1407, 1338s, 1284s, 1260sh, 1206w, 1174, 1104s, 1051s, 1010sh, 975s, 905sh, 886s, 792,
753,722, 681, 659, 590, 569, 539, 513, 464.
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B33 Inderborite CaMg[B505(OH)s],-6H,O
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Locality: Inder boron deposit, Atyrau region, Kazakhstan (type locality).
Description: Colourless crystal. Identified by IR spectrum and qualitative electron microprobe

analysis.
Wavenumbers (cm'): 3655, 3550, 3495, 3420s, 3355s, 3240sh, 3100sh, 1650, 1462, 1423s, 1344,

1294w, 1220sh, 1203, 1100sh, 1064s, 1020sh, 961s, 867s, 814w, 759, 729, 643w, 600w, 530,
445, 410sh.

B34 Inyoite CaB3O3(OH)54H20
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Locality: Inder boron deposit, Atyrau region, Kazakhstan.

Description: Colourless crystal. Identified by IR spectrum.

Wavenumbers (cm'): 3530s, 3440, 3325, 3225, 3120sh, 1650, 1600, 1480, 1433s, 1395, 1345,
1222, 1171s, 1109s, 1067s, 1009s, 963s, 895s, 808s, 750sh, 718, 570sh, 543, 486, 464.
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B36 Kurchatovite CaMgB,0s5
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia (type locality).

Description: Light grey grain with perfect cleavage in sakhaite-kurchatovite boron ore.
Identified by IR spectrum and optical data. The empirical formula is (electron microprobe)
Cag.94Mgo.gsFeo.11Mng, 11 B>0s.

Wavenumbers (cm'): 3550w, 3495w, 1469, 1440sh, 1387s, 1356s, 1323s, 1277, 1270, 1223s,
1170sh, 1159s, 984w, 977w, 856, 787, 761, 713, 669, 633, 614, 509, 462, 422, 405.

B37 Kurgantaite CaSr(BsO9)CI-H,O
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Locality: Nepskoe K salt deposit, Nepa river basin, Irkutsk region, Eastern Siberia, Russia.

Description: Colourless crystals from massive sylvite. Neotype sample. Associated minerals are halite,
boracite, anhydrite, magnesite and quartz. The empirical formula is Ca; (4Sr.98B4.0009Cl; 91-H>0O.

Wavenumbers (cm ™ '): 3345, 1640w, 1590w, 1475sh, 1422s, 1400sh, 1341s, 1308s, 1132, 1106,
1040sh, 1004s, 953s, 905, 870s, 845sh, 811, 762, 727, 689, 647w, 634, 612,599, 571w, 522w, 482.
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B38 Kurgantaite CaSr(BsO9)CI-H,O
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Locality: Borehole at the Korshunovskoe iron deposit, Irkutsk region, Siberia, Russia.

Description: Pink radial aggregates from the association with ekaterinite, anhydrite and calcite.
The empirical formula is Ca; ,Sr( gBs0oCl; o-H>O.

Wavenumbers (cm ™ '): 3345, 1635w, 1600w, 1470, 1419s, 1400sh, 1342s, 1308s, 1132, 1107,
1008s, 953s, 910sh, 871s, 812, 763, 728, 690, 648, 634, 611, 605, 571w, 527w, 482w, 460w.

B39 Boracite Mg;B,05Cl
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Locality: Wandsleben, Saxony-Anhalt, Germany.

Description: White to beige fine-grained aggregate (“staBfurtite”). Identified by IR spectrum.

Wavenumbers (cm '): 1416, 1359s, 1201s, 1185sh, 1165sh, 1067s, 1040sh, 1020sh, 993s, 959s,
929s, 910s, 887s, 862, 849, 837, 803, 782, 731w, 711, 695w, 670, 655w, 630sh, 623, 607w, 600w,
584w, 569w, 551w, 534w, 483w, 474w, 465, 451.
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B40 Kernite N32B406(OH)2'3H20
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Locality: Kramer borate district, Kern Co., California, USA (type locality).

Description: Colourless crystal. Identified by IR spectrum.

Wavenumbers (cm ™ '): 3550, 3480sh, 3420, 3350, 3300, 2990, 1710w, 1625w, 1470sh, 1425sh,
1374s, 1356s, 1340sh, 1160, 1070, 1015s, 974s, 957s, 875, 828, 763w, 739w, 724, 690, 655w, 617,
583w, 550, 494w, 454w, 416w.

B41 Calciborite CaB,0,
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Locality: Novofrolovskoye copper deposit, near Krasnotur’insk, Northern Ural Mts., Russia (type
locality).

Description: Colourless grains from marble, from the association with sibirskite. Identified by IR
spectrum, powder X-ray diffraction pattern and optical data.

Wavenumbers (cm_l): 3550w, 3400w, 2680w, 1376s, 1330s, 1162, 1118s, 1040, 1026, 985, 946,
933, 901s, 870s, 800s, 740, 728s, 708s, 700s, 641w, 602, 590sh, 575sh, 515w, 492w, 447, 406w.
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B42 Kurnakovite MgB3;03(OH)s-5H,0
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Locality: Inder boron deposit, Atyrau region, Kazakhstan (type locality).
Description: Colourless crystals from the association with pinnoite. Identified by IR spectrum and

powder X-ray diffraction pattern.
Wavenumbers (cm"): 3565s, 3530, 3460s, 3330s, 3240s, 3060sh, 1685, 1452, 1413, 1390, 1349s,

1285, 1262, 1216, 1160, 1090sh, 1043s, 1015s, 985sh, 940, 877s, 815, 746, 715, 656, 630sh,
580sh, 546w, 524, 490w, 466, 404w.

B43 Liineburgite Mg;B,(PO4),(OH)4-6H,O
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Locality: Liineburger Kalkberg, Liineburg, Lower Saxony, Germany (type locality).

Description: White fibrous aggregate. Identified by IR spectrum.
Wavenumbers (cm'): 3490, 3420s, 3390s, 3250sh, 3220, 3100, 2965, 2630w, 1653w, 1460sh,

1415w, 1333, 1284, 1185, 1121s, 1074s, 1020s, 975, 896, 830sh, 786w, 710, 667, 638, 604w, 575,
537, 521, 465w.
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B44 Metaborite HBO,
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Locality: Chelkar salt dome, Aksai Valley, Aktobe region, Kazakhstan.
Description: Colourless crystal. Identified by IR spectrum and powder X-ray diffraction pattern.
Wavenumbers (cm ™ 1): 3210w, 3050w, 2345, 1670, 1467s, 1187s, 1090s, 996s, 948s, 900s, 831s,

746, 605sh, 595, 474, 431w.

B45 Meyerhofferite Ca,;B;Os(OH)o-2H,O
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Locality: 10-mile canyon, Death Valley, California, USA.

Description: White columnar aggregate. Pseudomorph after inyoite. Identified by IR spectrum.

Wavenumbers (cm™'): 3605, 3485, 3425s, 3305, 3040, 1443, 1399s, 1359s, 1180sh, 1140sh,
1120sh, 1087s, 1040sh, 1022s, 966s, 950sh, 905, 890sh, 842, 801, 726, 679, 616, 579, 529,

497w, 470, 430w.
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B46 Boracite Mg;B,05Cl
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta Province, Argentina.

Description: Colourless crystal. Identified by IR spectrum.

Wavenumbers (cm '): 1416, 1359s, 1210sh, 1184, 1162, 1077s, 1040sh, 1020sh, 992s, 958s, 929s,
912s, 886s, 861, 847, 837, 802, 782, 710, 695w, 670, 660w, 624, 605w, 600w, 584w, 568w, 550w,
533w, 485sh, 474w, 465, 453, 390w.

B47 Nifontovite Ca3B606(OH) 12'2H20
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Locality: Novofrolovskoye copper deposit, near Krasnotur’insk, Northern Ural Mts., Russia (type
locality).

Description: Colourless grain from the association with grossular-andradite garnet, szaibélyite, sibirskite,
calciborite, dolomite and calcite. Holotype sample. Monoclinic,a = 13.102,b = 13.473,¢ = 9.507 A,
p = 118.43°. Contains admixture of Mg (0.51 wt.% MgO). Optically biaxial (+), a = 1.575(1),
p = 1.578(1), y = 1.584(1). Dyeas = 2.36 g/cm3. Strong lines of powder X-ray diffraction pattern
[d, A (I, %)] are 2.41 (100), 7.04 (80), 2.21 (80), 3.79 (70), 3.66 (70), 3.02 (70), 2.05 (70).

Wavenumbers (cm™): 3600, 3572, 3415, 3315, 3200, 3170, 2880w, 1590w, 1255, 1222, 1186,
1065sh, 1034s, 995s, 903, 825sh, 793s, 709, 660sh, 612w, 555sh, 540, 436w.
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B48 Larderellite (NH4)Bs0,(OH),-H,O
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Locality: Larderello, Val di Cecina, Tuscany, Italy (type locality).

Description: White powdery aggregate. Identified by IR spectrum.

Wavenumbers (cm™"): 3420, 3330sh, 3255s, 3130, 2915, 1925w, 1640, 1448s, 1325sh, 1300sh,
1275s, 1208s, 1097s, 1060s, 1045sh, 990sh, 950sh, 935s, 895sh, 875sh, 781, 745, 718w, 689,
670sh, 655sh, 645sh, 608w, 570, 547w, 525, 480w, 468w, 456w.

B49 Mecallisterite Mgz[B6O7(OH)(,]29H20
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta Province, Argentina.

Description: White-grained aggregate. Specimen No. 78652 from the Fersman Mineralogical
Museum of the Russian Academy of Sciences, Moscow, Russia.

Wavenumbers (cm"): 3580sh, 3500s, 3400s, 3325sh, 3195, 1655, 1439s, 1393s, 1350s, 1180, 1088,
1010sh, 995s, 947, 824s, 765, 708w, 683w, 650sh, 585sh, 450w.
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B50 Hungchaoite MgB,05(OH)4-7H,0
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Locality: Inder boron deposit, Atyrau region, Kazakhstan.
Description: Colourless grains from the association with kurnakovite. Identified by powder X-ray

diffraction pattern.
Wavenumbers (cm '): 3540, 3450sh, 3395s, 3215, a683w, 1638w, 1618w, 1460sh, 1440sh, 1417s,
1341s, 1250, 1235sh, 1160sh, 1125, 1074s, 1056s, 1017, 980, 967, 895, 880, 860, 817s, 740, 713,

674, 639, 586w, 540sh, 532, 468w.

B51 Preobrazhenskite Mg;B;,0,5(OH)y
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Locality: Inder boron deposit, Atyrau region, Kazakhstan (type locality).

Description: Colourless crystal from the association with kaliborite, halite, polyhalite and inyoite.
Identified by powder X-ray diffraction pattern.

Wavenumbers (cm ) 3580, 3540, 3488, 3200, 1530sh, 1420sh, 1382s, 1321, 1210, 1120sh, 1077s,
1050s, 1025sh, 1007s, 942s, 908s, 871, 811, 795sh, 751w, 737, 708, 669, 610, 595sh, 566w, 550w,

491w, 470w, 450, 437.
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B52 Pinnoite MgB,O(OH)g
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Locality: Inder boron deposit, Atyrau region, Kazakhstan.
Description: Colourless crystal from the association with kurnakovite. Identified by IR spectrum.
Wavenumbers (cm ") 3575s, 3420s, 3305, 3173, 2535w, 1296s, 1221, 1176s, 1151, 1070sh, 1033s,
959s, 895, 880sh, 798s, 608, 588, 506w, 487, 447.
B53 Peprossiite-(Ce) (Ce,La)(Al30),/3B401¢
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Locality: Viterbo, Lazio region, Italy.
Description: Canary-yellow platy crystals. Identified by qualitative electron microprobe analysis.
Wavenumbers (cmfl): 1380w, 1140sh, 1080sh, 1025s, 908, 795, 707, 535.
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B54 Probertite NaCaB;0,(OH)4-3H,0
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Locality: Bandirma (Pandirma), Balikesir province, Turkey.

Description: Grey radial aggregate. Confirmed by IR spectrum.

Wavenumbers (cm'): 3635, 3565, 3505, 3370, 3290, 3085w, 1670w, 1473, 1431, 1382s, 1351,
1300, 1210w, 1187, 1152, 1133, 1086s, 1041s, 994s, 959s, 934, 905, 850, 835, 800sh, 754, 724w,
714w, 687, 652w, 614, 605sh, 555w, 517, 478.

B55 Parasibirskite Ca,B,05-H,O
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan
(type locality).

Description: White granular aggregate. Identified by IR spectrum.

Wavenumbers (cm_l): 3610, 3470, 3390, 1530sh, 1512, 1462, 1391s, 1360sh, 1280sh, 1233s, 1108,
1068w, 1007, 911, 871, 753, 719, 605sh, 592, 580sh, 490sh, 458, 410sh.
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B56 Pentahydroborite CaB,O(OH)s-2H,O
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,

Buryatia, Transbaikal Region, Russia.
Description: Colourless grains forming veinlet in kurchatovite—sakhaite boron ore. Identified by

powder X-ray diffraction pattern.
Wavenumbers (cm_l): 3450s, 3385, 3315s, 3210, 3050, 2490w, 1705w, 1660w, 1289, 1245, 1210,

1175, 1047s, 990s, 947s, 906s, 883, 834, 773, 660, 637, 601, 583w, 522w, 506w, 471w.

B57 Priceite Ca4B 10019'7H20
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Locality: Death Valley, California, USA.

Description: White fine-grained aggregate. Identified by IR spectrum.

Wavenumbers (cm_l): 3608, 3560, 3430sh, 3250sh, 3095, 2530w, 1650w, 1455sh, 1425sh, 1368s,
1316s, 1286, 1227, 1105sh, 1067s, 1017s, 933s, 902s, 870sh, 815sh, 797, 760, 731, 715, 672w,

603w, 580w, 548w, 530w, 515w, 471w, 435sh.



2.1 Borates, Including Sulfato-Borates and Arsenato-Borates 51

B58 Solongoite Ca,B304(OH),Cl
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,

Buryatia, Transbaikal Region, Russia (type locality).
Description: Colourless grains from kurchatovite—sakhaite boron ore. Identified by powder X-ray

diffraction pattern and optical data.
Wavenumbers (cm™'): 3650w, 3620, 3585, 3545, 3488, 3405s, 3337, 3263, 1602, 1421, 1382s,
1368s, 1305s, 1243s, 1180sh, 1145sh, 1118s, 1065sh, 1026s, 997sh, 943s, 922s, 887s, 847, 811,

781, 715w, 690, 643w, 620, 586w, 571, 545w, 503, 488, 460, 397w.

B59 Suanite Mg;B,05
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Locality: Nalednoe deposit, upper reaches of Jana (Yana) river, Sakha Republic, Russia.
Description: Columnar aggregate from the association with szaibélyite and kotoite. Identified by IR
spectrum and powder X-ray diffraction pattern. The empirical formula is (electron microprobe)

Mg, 93Feq.04Cag 0:Mng B> 0s.
Wavenumbers (cmfl): 1496s, 1442s, 1284, 1265, 1188s, 1024, 841, 712s, 680s, 629, 610, 533w,

490, 450, 403s.
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B60 Santite KB506(OH)42H20
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Locality: Synthetic.

Description: Identified by powder X-ray diffraction pattern.

Wavenumbers (cm'): 3445, 3375, 3050, 2650w, 1657w, 1436s, 1357s, 1251, 1104s, 1026s, 945,
926s, 783, 766w, 752w, 735w, 697, 670sh, 650sh, 591w, 520sh, 508w, 453w.

B61 Sulfoborite Mg;B,(SO,)(OH)s(OH,F),
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Locality: Inder boron deposit, Atyrau region, Kazakhstan.

Description: Colourless crystal. Identified by IR spectrum and powder X-ray diffraction pattern.

Wavenumbers (cm_l): 3620, 3590s, 3565, 3377s, 3242, 1620w, 1317s, 1283, 1195s, 1146s, 1104s,
1052, 1023, 1011, 949, 903s, 817, 792w, 760sh, 749, 700, 654, 625, 612, 573, 529, 486, 471, 422s.
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B62 Sibirskite CaHBO;
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia.

Description: Veinlet in kurchatovite—sakhaite boron ore. Identified by IR spectrum.

Wavenumbers (cm*): 3550sh, 3410w, 2930, 2770, 2570sh, 2450, 2140, 1943, 1730w, 1570, 1456s,
1405sh, 1324s, 1207s, 1006s, 918w, 898w, 757, 723s, 607, 576, 450w.

B63 Strontioginorite (Sr,Ca);B40,3-8H,0O
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Locality: Kohnstein Quarry, Niedersachswerfen, Nordhausen, Harz, Thuringia, Germany.

Description: White crystals on anhydrite. Investigated by I.V. Pekov. Confirmed by IR spectrum and
semiquantitative electron microprobe analysis.

Wavenumbers (cm ™ '): 3490sh, 3455, 3325, 3165, 3060, 1660w, 1474, 1457, 1380s, 1321s, 1255sh,
1236, 1191, 1165, 1126, 1041s, 995s, 970sh, 939, 930, 888, 843, 811, 781w, 740, 712w, 678,

665sh, 605.
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B64 Solongoite Ca,B3;04(OH),Cl

0.9 T T T T T T ~ f T T T T
o 07F -
o
=}
8
=
=)
|72}
=
S 05 _
=
03 —
1 ' | ' | ' //// s | f 1 L
500 1000 1500 3000 3500 4000

Wavenumber (cm'l)

Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia (type locality).

Description: Granular aggregates in szaibélyite veinlet crossing kurchatovite—sakhaite boron ore. Holo-
type sample. Monoclinic, space group P2,/c;a = 7.976,b = 7.237, ¢ = 12.571 A,/} = 93.86°. The
empirical formula is Ca;9pMgg3B3.0204Clyss(OH)466. Optically biaxial (+), a =~ g = 1.510,
y = 1.545. Dy = 2.58 g/cmS, Dpcas = 2.514 g/cm3. Strong lines of powder X-ray diffraction
pattern [d, A (I, %)) are 2.196 (100), 7.84 (90), 1.734 (90), 2.61 (80), 2.54 (80), 1.911 (80), 2.74 (70).

Wavenumbers (cm_l): 3610, 3545, 3482w, 3405, 3250, 1475sh, 1425, 1369s, 1334, 1305s, 1248s,
1150sh, 1120s, 1069, 1025s, 999s, 945sh, 920s, 845s, 780s, 742w, 711w, 683, 642w, 619, 569w,
553w, 504, 487, 482, 460w, 400w.

B65 Rivadavite Na6MgB 24040’22H20
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta province, Argentina (type locality).
Description: Colourless grains. Specimen No. 37869 from the Fersman Mineralogical Museum of
the Russian Academy of Sciences, Moscow, Russia.
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Wavenumbers (cm_l): 3550, 3455, 3435sh, 3330, 3270sh, 3225sh, 3000sh, 1660w, 1620w, 1480sh,
1448s, 1430sh, 1369s, 1306, 1240, 1215sh, 1134s, 1091s, 1010, 961s, 912, 869, 813s, 798, 699w,
686, 658w, 638w, 623w, 600w, 559w, 525w, 479w.

B67 Studenitsite NaCa,By0,4(OH),-2H,O
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Locality: Peskaya deposit, Balevats, Jarandol basin, Serbia (type locality).

Description: White granular aggregate from the association with colemanite, howlite, ulexite and
pentahydroborite. Holotype sample. Monoclinic, space group P2,/c; a = 11.499, b = 12.588,
¢ =10.530 A, § = 99.42°. Optically biaxial (+), @ = 1.532, f = 1.538,7 = 1.564. D e = 2.34
g/cm3 , Dineas = 2.29 g/cm3. Strong lines of powder X-ray diffraction pattern [d, A I, %)] are 3.04
(100), 3.35 (89), 5.41 (66), 3.27 (59), 2.210 (59), 5.20 (57), 4.20 (56).

Wavenumbers (cm'): 3662, 3569, 3544, 3455, 3375, 3242, 3160sh, 1688w, 1598, 1460sh, 1401s,
1376s, 1341s, 1290, 1183, 1122, 1085sh, 1060sh, 1014s, 957s, 903s, 869s, 815, 783, 743, 709, 697,
671, 635w, 611w, 597w, 573w, 559, 538w, 526, 482w, 450w.

B68 Sassolite H;BO;
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Locality: Vesuvius volcanic complex, Campania, Italy.

Description: Soft scaly aggregate. Associated mineral is ferruccite. Identified by IR spectrum.

Wavenumbers (cm ') 3212s, 2512w, 2365w, 2265, 1456s, 1230sh, 1200s, 926w, 884, 800, 675w,
649, 547, 510w, 470w.

B69 Jarandolite CaB;04(OH);
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Locality: Peskaya deposit, Balevats, Jarandol basin, Serbia (type locality).

Description: Subparallel growth of colourless rough prismatic crystals from the association with
colemanite, howlite, ulexite, veatchite, pentahydroborite, studenitsite and montmorillonite. Holo-
type sample. Monoclinic, space group P2/a; a = 8.386(3), b = 8.142(4), ¢ = 7.249(3) 10\,
f = 98.33(3)°. The empirical formula is Cay o3(B3.025i0.01)O04.17(OH), g1Clg ;. Optically biaxial
(#), a = 1.573(2), p = 1.586(2), y = 1.626(2). Deyic = 2.57 g/cm?, Dyyeas = 2.49 g/cm’. Strong
lines of powder X-ray diffraction pattern [d, A (I, %)] are 4.32 (57), 3.39 (100), 3.13 (50), 2.93
(23), 2.606 (25), 1.849 (25).

Wavenumbers (cm"): 3550, 3390w, 3115, 2980, 1447, 1402, 1369, 1300, 1226, 1135sh, 1110sh,
1075, 1026s, 983s, 953s, 889s, 8675, 810, 795sh, 756, 687, 595sh, 577w, 560w, 533w, 444w, 419w.

B70 Satimolite KNa2A14B6015C]3‘ 1 3H20
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Locality: Satimola salt dome, North Caspian region, Kazakhstan (type locality).

Description: Fine-grained aggregate from the association with halite, kaliborite, boracite, kieserite
and magnesite. Identified by IR spectrum.

Wavenumbers (cm '): 3390, 3240sh, 1638, 1386, 1298s, 1156, 1136, 990sh, 972s, 838, 793, 696,
614, 570, 476, 444.

B71 Strontioborite SrBgO;;(OH),4
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Locality: Chelkar salt dome, Aksai Valley, Aktobe (Aqtdbe) region, Kazakhstan (type locality).

Description: White scaly aggregate from the association with halite, ginorite, boracite, halurgite,
kieserite, anhydrite, preobrazhenskite, boracite, aksaite and metaborite. Holotype sample. Mono-
clinic, space group P2, a = 9.909(5), b = 8.130(10), ¢ = 7.623(1) A, S = 108.4(2)°. Optically
biaxial (+) or (=), a = 1.470(2), f = 1.510Q2), y = 1.579(2). D¢ac = 2.38 g/cm3, D neas = 2.40
g/cm3. Strong lines of powder X-ray diffraction pattern [d, A (I, %)] are 7.33 (100), 4.09 (80), 3.50
(70), 3.32 (70), 3.06 (60), 2.033 (60), 7.77 (40).

Wavenumbers (cm_l): 3483, 3417, 3190sh, 3143, 1691w, 1630w, 1414, 1357s, 1328s, 1308s, 1262,
1161s, 1116s, 1074s, 996s, 958s, 930sh, 894s, 862, 795, 782, 752, 720sh, 710, 674, 623, 613, 594,
567w, 464w.

B72 Szaibélyite MgBO,(OH)
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Locality: Franklin, Sussex Co., New Jersey, USA.

Description: Pink massive. Identified by IR spectrum. Mn-rich variety. The empirical formula is
(electron microprobe; qualitative analysis for F) Mg, soMng 30Zng 3BO,(OH,F).

Wavenumbers (cmfl): 3552, 3504w, 3330w, 3180w, 2920w, 2860w, 2775w, 2590w, 2495, 2340w,
2005w, 1905w, 1448s, 1359s, 1285sh, 1266s, 1240sh, 1220s, 998, 970, 905sh, 892, 830, 777w,
707s, 673, 641, 626, 539, 522, 501w, 400.

B73 Szaibélyite MgBO,(OH)
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Locality: Liaoning Province, China.

Description: Pseudomorph after suanite from the association with ludwigite. Identified by IR
spectrum. The empirical formula is (electrom microprobe) Mg osFeq 03Mng g1 Cag.01 BOo(OH).
Wavenumbers (cm ™ '): 3557, 3515sh, 2880w, 2775w, 2580sh, 2510, 2370sh, 2100sh, 1975w, 1930,
1447s, 1410s, 1385s, 1289s, 1268s, 12225, 1015, 979, 922, 840, 713s, 678, 640sh, 628, 564, 530w,

505sh, 481, 445sh, 432s, 400.

B74 Roweite Ca,Mn**,B,0;(OH)s
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia.

Description: Brown granular aggregate from the association with frolovite, kurchatovite, sakhaite
and ludwigite. Identified by IR spectrum. Mg-rich variety. The empirical formula is (electrom
microprobe) Ca; 9;Mn; 04Mgo gsFeo.11B407(OH)s.

Wavenumbers (cm'): 3675w, 3580, 3560sh, 3500, 3155, 1470sh, 1425s, 1395s, 1326s, 1300s, 1250,
1110sh, 1058s, 1010, 946,913, 876s, 827, 757w, 733w, 698, 616w, 596w, 522w, 510, 458, 440, 400.

B75 Tunellite SrB609(OH)23H20

0.8

0.6 |- -
0.4 | 4
02 4

' | s ]

1000 ]500 2000 3000 3500 4000

I

Transmittance

Wavenumber (cm' )

Locality: Boron Open Pit, Boron, Kern Co., California, USA.

Description: Colourless crystal. Identified by IR spectrum.

Wavenumbers (cmfl): 3585, 3450sh, 3365, 3290, 1676w, 1636w, 1438, 1362s, 1318s, 1186, 1133s,
1030sh, 1003s, 965s, 932, 883s, 813, 735, 697w, 681, 593w, 580sh, 530w, 491w, 450w.

B76 Tincalconite Na,B,O5(OH),-3H,0O
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Locality: An unknown locality in Siberia, Russia.
Description: White fine-grained aggregate. Pseudomorph after borax. Identified by IR spectrum.



60 2 IR Spectra of Minerals and Reference Samples Data

Wavenumbers (cm_l): 3510, 3375s, 3070, 2625w, 2460w, 1680sh, 1660w, 1477s, 1430s, 1380,
1346s, 1280, 1260, 1225w, 1160sh, 1134s, 1090, 1028sh, 1004s, 947s, 882w, 826s, 773, 708,

605w, 590sh, 520w, 494w, 461.

B77 Tuzlaite NaCaB5Og(OH)2'3H20
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Locality: Tuzla salt mine, near Tuzla, Bosnia and Hercegovina (type locality).

Description: White parallel-fibrous aggregate. Vein in dolomite. Identified by IR spectrum.

Wavenumbers (cm'): 3730w, 3620, 3470, 3415, 3220, 1685w, 1390sh, 1385, 1336s, 1319s,
1220w, 1109, 1043s, 1010s, 945s, 903, 869, 847, 752, 735sh, 701w, 655w, 630w, 600sh, 588w,

572, 562w, 549w, 523w, 510sh.

B78 Borax Na,B,05(0OH),-8H,0
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Locality: Kramer borate deposit, Boron, Kern Co., California, USA.

Description: Colourless crystal.
Wavenumbers (cm"): 3570s, 3495s, 3410, 3317, 3190, 1670, 1640, 1420s, 1314s, 1152s, 1130s,

1075s, 1027, 995, 946, 855sh, 835, 810, 763, 675sh, 625, 610, 531, 450.
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B79 Nifontovite Ca3B606(OH) 1 2‘2H20
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan.
Description: Grey granular aggregate from the association with pentahydroborite and calcite.

Identified by IR spectrum.
Wavenumbers (cm): 3605, 3570s, 3435s, 3410s, 3310, 3205, 3170, 2875, 2380w, 1585w, 1252,

1220, 1185s, 1065sh, 1034s, 994s, 903, 892s, 710, 670sh, 650sh, 614w, 541, 434, 385w.

B80 Pentahydroborite CaB,O(OH)4-2H,O
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan.
Description: White granular aggregate from the association with nifontovite, parasibirskite and

calcite. Identified by IR spectrum.
Wavenumbers (cm™'): 3450s, 3390, 3315s, 3210, 3055, 2495w, 2250w, 1695w, 1655w, 1420sh,
1290, 1247, 1215, 1176, 1048s, 988s, 945s, 905s, 885, 832, 772, 660, 637, 600, 583w, 522w,

505w, 470sh.
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B81 Uralborite CaB,0,(OH),
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Locality: Novofrolovskoye copper deposit, near Krasnotur’insk, Northern Ural Mts., Russia (type

locality).
Description: White grains from the association with frolovite. Specimen No. 64944 from the
Fersman Mineralogical Museum of the Russian Academy of Sciences, Moscow, Russia.
Wavenumbers (cmfl): 3550, 3470, 1595, 1452, 1372, 1325, 1220sh, 1201s, 1180sh, 1083s, 1016s,

949, 898, 808w, 782w, 761, 722, 674w, 650w, 611, 591, 464, 410sh.

B82 Heidornite Na,Ca;Bs04(S0,4),CI(OH),
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Locality: Nordhorn, near Hanover, Lower Saxony, Germany (type locality).

Description: Colourless crystal from the association with anhydrite. Identified by IR spectrum.

Wavenumbers (cm ™ '): 3475, 1447, 1413, 1355sh, 1344s, 1231, 1216, 1173, 1141s, 1096s, 1055,
997, 964s, 936, 869s, 825, 754, 744w, 722, 707w, 697w, 645, 633, 618, 690w, 556, 525w,

499w, 470w.
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B83 Henmilite Ca,Cu’*[B(OH)4],(OH),
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan

(type locality).

Description: Violet-blue crystals to 2 mm from the association with calcite, pentahydroborite,
nifontovite, inyoite and apophyllite. Identified by IR spectrum.

Wavenumbers (cmfl): 3607, 3560s, 3500, 3415s, 3385s, 3320s, 3170sh, 2460w, 1415sh, 1280,
1248, 1175s, 1077, 987s, 959s, 921s, 769, 705sh, 686s, 592, 540, 517, 474s, 457s, 435sh, 400sh.

B84 Hilgardite Ca,(Bs04)CIl-H,O
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Locality: Chelkar salt dome, Aksai Valley, Aktobe region, Kazakhstan.

Description: Colourless. Identified by IR spectrum and semiquantitative electron microprobe analy-
sis. Close to calcium endmember.

Wavenumbers (cm'): 3525sh, 3405, 1601w, 1469, 1414s, 1342s, 1297s, 1141, 1103, 1016s, 961s,
909s, 870s, 840sh, 819, 763, 725, 695, 650, 633, 610, 598, 571w, 529w, 483w, 464, 455,

440w, 430w.
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta province, Argentina (type

locality).

Description: Colourless crystals. Identified by IR spectrum.

Wavenumbers (cm '): 3575w, 3380sh, 3215, 3125sh, 1670w, 1477, 1431, 1400s, 1377s, 1351s,
1254s, 1197, 1151, 1074s, 1019s, 959s, 917, 876, 831, 773, 764, 747w, 700w, 677, 658w, 610w,

585sh, 556w, 513w, 497w, 477w, 463w.

B86 Shabynite MgsBO;(C1,OH),(OH)s-4H,0
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Locality: Borehole at the Korshunovskoe iron deposit, Irkutsk region, Siberia, Russia.

Description: White soft fibrous aggregate from the association with dolomite, korshunovskite,
ekaterinite, dashkovaite, iowaite and halite. Holotype sample. Monoclinic (?). The empirical formula
is Mgs.05(BO3)0.94Cly 49(OH)579-3.90H,0. Optically biaxial (—), a = 1.543(2), p = 1.571(3),
y = 1.577(2). Dpeas = 2.32(3) g/cm3. Strong lines of powder X-ray diffraction pattern [d, A I, %)]
are 9.27 (100), 2.439 (80), 3.69 (70), 5.47 (60), 2.377 (60), 4.21 (50), 1.798 (50).

Wavenumbers (ecm ™ '): 3640, 3595, 3340, 3220sh, 1625w, 1475w, 1425w, 1325sh, 1302s, 1270sh,
1125w, 732s, 685, 625s, 590sh, 576s, 545sh, 465, 425sh, 402.
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B87 Sibirskite CaHBO;
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,

Buryatia, Transbaikal Region, Russia.
Description: White veinlet in marble in the association with sakhaite. Identified by IR spectrum.
Wavenumbers (cm™Y): 3555w, 3310sh, 3240w, 2940w, 2750w, 2460, 1943w, 1905sh, 1550sh,
1453s, 1325s, 1245sh, 1204s, 1085sh, 1072, 1005s, 950sh, 917, 907w, 897w, 874w, 807w,

784w, 756w, 721, 606, 574w.

B88 Sinhalite MgAIBO,
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Locality: Tayozhnoe deposit, Aldan shield, Eastern Siberia, Russia.
Description: Greenish crusts around spinel grains. Identified by IR spectrum. The empirical formula

is (electron microprobe) Mgg goFeq.12Alp 9gBO4.
Wavenumbers (cmfl): 930s, 699s, 595sh, 585, 550s, 497s, 422, 412.
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B89 Takedaite Ca3;B,0q
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan

(type locality).
Description: Light grey granular aggregate. Identified by IR spectrum.
Wavenumbers (cmfl): 1400sh, 1354s, 1287s, 1219s, 1160sh, 1002, 730sh, 720, 678w, 627, 618,

460sh, 400sh, 370.

B90 Ericaite (Fe’*,Mg,Mn); B;05Cl
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Locality: Verkhnekamskoe K deposit, Solikamsk, Perm Krai, Middle Urals, Russia.
Description: Green tetrahedral crystals. The empirical formula is (electron microprobe)

Fe; sMn; 3sMg( >B;0,5CL
Wavenumbers (cm_l): 1400, 1349s, 1192s, 1157, 1133, 1069s, 1007s, 980sh, 926s, 900sh, 873s,

850s, 793, 711, 661, 645, 618, 607, 583w, 557w, 521w, 447w, 424w, 416w.
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B91 Larderellite (NH4)Bs0,(OH),-H,O
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Locality: Larderello, Val di Cecina, Tuscany, Italy (type locality).

Description: White massive. Identified by IR spectrum.

Wavenumbers (cm'): 3720sh, 3412 m 3240s, 3120sh, 2925w, 1923w, 1444s, 1425sh, 1325sh,
1300sh, 1276s, 1202s, 1095s, 1059s, 1040sh, 1010sh, 950sh, 936, 895sh, 870sh, 828w, 782, 746,
721w, 692, 672, 645, 610sh, 573w, 547w, 527w, 482w, 470w, 457w.

B92 Strontioborite SrBgO;;(OH),4
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Locality: Chelkar salt dome, Aksai Valley, Aktobe region, Kazakhstan (type locality).
Description: White scaly aggregate from the association with halite, ginorite and anhydrite.

Identified by IR spectrum.
Wavenumbers (cm): 3460w, 3405w, 3150, 1690w, 1655w, 1410sh, 1362, 1335sh, 1309s, 1265,

1161s, 1114, 1074, 1047, 995s, 959s, 930sh, 896s, 861, 797, 785, 753, 711, 675, 617w,
594w, 464w.



68 2 IR Spectra of Minerals and Reference Samples Data

B93 Hexahydroborite Ca[B(OH)4],:2H,O
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan.
Description: White fine-grained aggregate. Pseudomorph after takedaite. Identified by IR spectrum.
Wavenumbers (cm'): 3600sh, 3525, 3390, 3255, 1662w, 1195s, 1073, 965s, 925sh, 740, 635sh,

518, 485sh.

B94 Tincalconite Na,B,05(OH),-3H,O
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Locality: Unknown locality in Australia.

Description: White fine-grained aggregate. Identified by IR spectrum.

Wavenumbers (cm'): 3515, 3355s, 3035, 2610w, 2460w, 1695w, 1665w, 1475s, 1437s, 1385,
1346s, 1276, 1252, 1224w, 1160sh, 1130s, 1100sh, 1078, 1025sh, 1002s, 945s, 880w, 824s, 773,

709, 675sh, 650sh, 606w, 574w, 522w, 496w, 461.
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B95 Fedorovskite Ca,Mg,B,0,(0OH)g
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia (type locality).

Description: Brownish-yellow granular aggregate from the association with frolovite, kurchatovite,
sakhaite and ludwigite. Identified by IR spectrum. The empirical formula is (electrom microprobe)
Ca; 9sMg) 78Mng 20Fe0.07B407(OH)s.

Wavenumbers (cm™"): 3695, 3570, 3500, 3160, 1490sh, 1424s, 1395s, 1326s, 1300s, 1250, 1131,
1108, 1056s, 1008, 946s, 914, 876s, 827w, 798w, 754w, 733w, 705sh, 688, 665sh, 617w, 597w,
552, 510, 462s, 410sh.

B96 Frolovite Ca[B(OH),],
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia.
Description: White veinlet in kurchatovite—sakhaite boron ore. Identified by powder X-ray diffrac-

tion pattern.
Wavenumbers (cm"): 3620, 3480sh, 3380, 3260s, 3180, 1315sh, 1270s, 1244s, 1175s, 1095, 985sh,

955sh, 927s, 892s, 760, 725, 670, 610, 560w, 535, 518, 507, 470.
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B97 Tincalconite Na,B,05(OH),-3H,O
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Locality: Searles Lake, San Bernardino Co., California, USA (type locality).

Description: White powdery aggregate. Identified by IR spectrum.

Wavenumbers (cm ™ 1): 3475, 3350s, 3050, 2610w, 2460w, 1725w, 1685w, 1657w, 1480s, 1430,
1386, 1348s, 1279, 1258, 1160sh, 1131s, 1095sh, 1080w, 1025sh, 1003s, 946s, 878w, 827s, 774w,

711w, 607w, 522w, 496w, 460w.

B98 Ameghinite NaB3;O03(OH),
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta province, Argentina (type

locality).

Description: White fine-grained aggregate. Identified by IR spectrum.

Wavenumbers (cm™"'): 3640sh, 3570sh, 3405, 3270s, 3200sh, 1533s, 1520sh, 1468, 1430, 1356s,
1324s, 1265, 1212, 1178, 1139, 1062s, 1022s, 1004s, 985sh, 875s, 855sh, 766s, 739, 720, 682s,

630w, 618, 597w, 531w, 524, 501, 477.
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B99 Hilgardite Ca,(Bs00)CIl-H,O
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Locality: Nepskoe K salt deposit, Nepa river basin, Irkutsk region, Eastern Siberia, Russia.

Description: White concretion. Identified by IR spectrum. Sr-rich variety. The empirical formula is
(electrom microprobe) Ca; 7Sy 3(B509)Cly o(OH)g 1-H,O.

Wavenumbers (cm'): 3490sh, 3350, 1610w, 1429s, 1354s, 1310s, 1140, 1102, 1017s, 958s, 909,
870s, 818, 763, 725, 694w, 649w, 633, 608, 598, 571w, 529w, 462, 453, 439, 429, 408w.

B100 Olshanskyite Ca3;B4(OH)g
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Locality: Titovskoe boron deposit, Tas-Khayakhtakh range, Sakha Republic (Yakutia), Eastern

Siberia, Russia.
Description: White cross-fibre veinlet in massive sakhaite. Identified by powder X-ray diffraction

pattern.
Wavenumbers (cm '): 3703w, 3553, 3482s, 3447s, 3325, 3270, 3060, 1455, 1295sh, 1239, 1127,

1057s, 989s, 950s, 919s, 805sh, 788, 693, 663w, 650sh, 605sh, 588, 565w, 542w, 528w,
470sh, 425sh.
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B101 Johachidolite CaAlB;0,
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Locality: Near Mogok township, Pyin Oo Lwin district, Mandalay division, Myanmar.

Description: Colourless crystal from the association with sodalite, phlogopite, a humite-group
mineral and zircon. Identified by powder X-ray diffraction pattern and semiquantitative electron
microprobe analysis (Ca:Al ~ 1:1 in atomic proportion).

Wavenumbers (cmfl): 3335w, 1275, 1174, 1122, 1080s, 1015s, 957, 854w, 805s, 769s, 755sh, 642,
599, 507, 466.

B102 “Santite-(NH4)” (NH4)B504(OH)4-2H,0
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Locality: Larderello, Val di Cecina, Tuscany, Italy (type locality of santite).

Description: White fine-grained aggregate. Ammonium analogue of santite. Close to the IR spectrum of
synthetic santite but contains bands of ammonium cations at 3,190 and 1,440 cm~ !, Electron
microprobe analysis shows only trace amounts of elements with atomic numbers >10. Note that first
description of santite, KB;Og(OH)4-2H,0, was made without complete chemical data, by analogy with
synthetic KB5Og(OH)4-2H,O. It is possible that correct formula of santite is (NH4)BsOg(OH)4-2H50.

Wavenumbers (cm_l): 3460sh, 3420, 3355, 3190, 3065sh, 1620sh, 1440s, 1350s, 1252s, 1195,
1000s, 1058, 1025, 943, 925s, 778, 738w, 692, 644w, 542w, 508w, 456w.
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B103 “Santite-(NH,)” (NH,)BsOg(OH),-2H,0
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Locality: Larderello, Val di Cecina, Tuscany, Italy (type locality of santite).

Description: White fine-grained aggregate. Ammonium analogue of santite. Identified by IR spec-
trum. Note that first description of santite, KBsOs(OH)42H,0, was made without complete
chemical data, by analogy with synthetic KB5Ox(OH),-2H,0.

Wavenumbers (cmfl): 3700sh, 3440sh, 3415, 3360s, 3210s, 3075sh, 2655w, 2475w, 2255w,
1640w, 1440s, 1350s, 1250s, 1205sh, 1095s, 1062, 1023, 946, 923s, 781, 746w, 689, 648w,

605w, 547w, 509w, 460w.

B104 Ammonioborite (NH,);B;50,0(OH)g-4H,O
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Locality: Larderello, Val di Cecina, Tuscany, Italy (type locality).
Description: White fine-grained aggregate from the association with “santite-(NH,4)”. Identified by

IR spectrum.
Wavenumbers (cm_l): 3420sh, 3330sh, 3203s, 2875w, 2500w, 2370w, 2260w, 1640w, 1440s,
1367s, 1240, 1190, 1093, 1065sh, 1024, 996w, 925, 910sh, 884w, 816w, 782, 750w, 693, 648w,

549w, 511w, 460w.
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B105 Ameghinite NaB;O5;(OH),4
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta province, Argentina (type

locality).

Description: White granular aggregate. Identified by IR spectrum.

Wavenumbers (cmfl): 3640sh, 3570sh, 3405, 3270s, 3200, 1620sh, 1535s, 1520sh, 1470, 1430sh,
1357s, 1324s, 1265, 1213, 1178, 1139, 1062s, 1022s, 1004s, 875s, 855sh, 766, 739, 719, 682,
630w, 618, 597w, 530sh, 524w, 501w, 477.

B106 Veatchite Sry[BsOg(OH)],B(OH);-H,O
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Locality: Shoktybay Salt Dome, Western Kazakhstan region, Kazakhstan.

Description: Colourless grains with perfect cleavage. Identified by IR spectrum. Single-crystal unit-
cell parameters are a = 6.615(5), b = 11.724(6), ¢ = 20.67(3) A, p = 92.31(8)°.

Wavenumbers (cm™'): 3440, 3340, 3275, 3225, 3115, 2320w, 1665w, 1648w, 1492s, 1430sh,
1372s, 1266s, 1170w, 1101s, 1071s, 990s, 934s, 857, 824s, 768, 704, 678w, 643w, 632, 605,
571w, 507w, 491w, 479w, 462w.
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B108 Ammonioborite (NH4)3B]5020(0H)84H20
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Locality: Larderello, Val di Cecina, Tuscany, Italy (type locality).
Description: White fine-grained aggregate from the association with “santite-(NH,4)”. Identified by

IR spectrum.
Wavenumbers (cmfl): 3205s, 2510w, 2370w, 2260w, 1660sh, 1640sh, 1443s, 1370sh, 1240, 1193s,

1093, 1024, 924, 885w, 820sh, 808, 782s, 693, 647, 550w, 511w, 460w.

B109 Londonite (Cs,K,0,H,O)(ALLi1)4(Be,Li,Al,0)4(B,Be);2[025_(OH,F),]
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Locality: Ministerskaya Yama Pit, Sarapulka pegmatite field (near Sarapulka village), Murzinka
district, Middle Urals, Russia.

Description: Colourless rthombic dodecahedron from the association with potassic feldspar and
tourmaline. Identified by semiquantitative electron microprobe analysis.

Wavenumbers (cm_l): 3580w, 3385w, 1152s, 1071s, 925sh, 906s, 885sh, 785s, 671, 605s, 517, 458.
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B110 Kernite N32B4O6(OH)2'3H20
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Locality: Larderello, Val di Cecina, Tuscany, Italy.
Description: Colourless acicular crystals from the association with ulexite, orpiment and realgar.

Identified by IR spectrum.
Wavenumbers (cm"): 3577, 3415sh, 3325sh, 3300, 2996w, 2200w, 1708w, 1465sh, 1375sh, 1357s,

1158, 1068s, 1016s, 975s, 958, 875, 828, 764w, 739w, 725w, 691, 655w, 618w, 585w, 552w,
496w, 456w, 400w.

B111 Ulexite NaCaBsO4(OH)4SH,0
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Locality: Larderello, Val di Cecina, Tuscany, Italy.
Description: Colourless crystals from the association with kernite, orpiment and realgar. Identified

by IR spectrum.
Wavenumbers (cm_l): 3595s, 3515, 3415, 3300, 3215, 3125, 2500w, 1665w, 1633w, 1415s, 1357s,

1318s, 1211, 1099s, 1057s, 1001s, 970sh, 920w, 860s, 835sh, 746w, 715, 640w, 610sh, 537w,
505sh, 444w.
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B112 Nifontovite Ca3B606(OH)12-2H20
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Locality: Charcas, San Luis Potosi, Mexico.

Description: Colourless crystal from the association with wollastonite. Identified by IR spectrum.

Wavenumbers (cm"): 3604, 3570s, 3435s, 3405, 3310, 3200, 3160, 2885w, 2360w, 1595w, 1257,
1222, 1187s, 1035s, 995s, 904, 895s, 710, 660sh, 645sh, 613w, 555sh, 541, 500sh, 438w, 400w.

B113 Ezcurrite Na,Bs0,(OH);-2H,O
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Locality: Tincalayu borax deposit, Salar del Hombre Muerto, Salta province, Argentina (type

locality).

Description: Colourless grain. Identified by IR spectrum.

Wavenumbers (cm ™ "): 3573, 3225, 2350w, 1670w, 1480, 1432s, 1400sh, 1380s, 1354s, 1255s, 1197,
1151, 1074s, 1020s, 959s, 918, 877, 832, 775sh, 765, 700, 678, 659, 611w, 557, 515w, 465w.
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B114 Tertschite CazB ]0019‘20H20
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Locality: Kurtpinari mine, Bigadig district, western Anatolia, Turkey (type locality).
Description: White fibrous aggregate. Identified by IR spectrum and qualitative electron microprobe

analysis.
Wavenumbers (cm'): 3450s, 3340s, 1670, 1585w, 1447, 1378s, 1350sh, 1277, 1226, 1101, 1065,

1018s, 977s, 925s, 846, 765, 726, 695, 521.

B115 Sborgite NaBsO4(OH)4-3H,0
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Locality: Larderello, Val di Cecina, Tuscany, Italy.
Description: White granular aggregate. Identified by powder X-ray diffraction pattern and qualitative

electron microprobe analysis.
Wavenumbers (cm ™ '): 3595s, 3515, 3415, 3300, 3215, 3125, 2500w, 1665w, 1633w, 1415s, 1357s,

1318s, 1211, 1099s, 1057s, 1001s, 970sh, 920w, 860s, 835sh, 746w, 715, 640w, 610sh, 537w,
505sh, 444w.
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B116 Sassolite H3;BO;
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Locality: La Fossa crater, Vulcano Island, Eolie Islands, Messina province, Sicily, Italy.

Description: White platy crystals. Identified by IR spectrum.
Wavenumbers (cm™'): 3214s, 2640w, 2519w, 2362w, 2262w, 1456s, 1195s, 1118, 884, 807s,

675w, 648, 548, 472w.

B117 Shimazakiite CasB,_,O5_5(OH);s, (x = 0-0.06)
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan

(type locality).
Description: White granular aggregate. Confirmed by IR spectrum and qualitative electron micro-

probe analysis.
Wavenumbers (cm'): 2587w, 2490w, 2258w, 1960w, 1466, 1405sh, 1357s, 1261, 1175s, 1159s,

1102, 876w, 824, 780, 734, 677, 626, 485w, 471w, 453.
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B118 Meyerhofferite Ca,BsO4(OH);o-2H,O
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Locality: Faras mine, Bigadic, Marmara region, Turkey.

Description: White twinned prismatic crystals. Confirmed by IR spectrum.

Wavenumbers (cm '): 3505, 3486, 3435s, 3307, 3040, 2395w, 2185w, 1445, 1400s, 1362, 1144s,
1120sh, 1087s, 1035sh, 1023s, 967s, 950sh, 904, 840, 799, 725, 679, 616, 578, 528, 497, 470,
431w, 398, 371w.

B119 Shimazakiite Ca,B, ,Os 3. (OH)s, (x = 0-0.06)
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Locality: Fuka mine, Bicchu-cho, near Takahashi city, Okayama prefecture, Honshu Island, Japan
(type locality).

Description: White granular aggregate. Confirmed by IR spectrum.

Wavenumbers (cm™'): 3308w, 2588w, 2509w, 1943w, 1462, 2416s, 1395, 1355s, 1261, 1170sh,
1158s, 1001, 904w, 875, 824w, 783w, 760sh, 740sh, 722, 677, 626, 580sh, 485w, 475w, 449w.
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Bol Azoproite (Mg, Fe?),(Fe*", Ti,Mg)(BO5)O,
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Locality: Tazheran alkaline massif, Baikal area, Siberia, Russia (type locality).

Description: Black prismatic crystals in carbonate.
Wavenumbers (cm'): 3450w, 3310w, 1575w, 1483w, 1422w, 1370sh, 1329, 1278s, 1220, 1090sh,

935w, 870w, 722, 620sh, 569, 515s, 451s, 425sh.

Bo2 Berborite-1T Be,(BO53)(OH,F)-H,O
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Locality: Lupikko deposit, near Pitkdranta, Ladoga lake, Karelia, Russia (type locality).
Description: Colourless crystals in skarn. Identified by IR spectrum and powder X-ray diffraction

pattern.
Wavenumbers (cm'): 3495, 1650w, 1610w, 1307s, 1021w, 895, 806s, 744s, 677, 649, 586w.
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Bo3 Warwickite Mg(Ti,Fe’>* Mg,Al)(BO;)O
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Locality: Mramornyi district, Aldan shield, Sakha Republic, Siberia, Russia.

Description: Dark brown grains from calciphyre. Identified by powder X-ray diffraction pattern.
The empirical formula is (electron microprobe) Mg(Tig 34Mgg 32Feq 25Aleq 09)(BO3)O.

Wavenumbers (ecm'): 1523w, 1386, 1215s, 957, 744s, 685sh, 607, 503, 418s.

Bod4 “Warwickite-(Mg)” Mg(Mg,Ti,Fe’*,Al)(BO;)O
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Locality: Hol Kol Mine (?), North Korea.
Description: Dark brown grains. Mg-rich variety or analogue of warwickite. The formula based on

chemical and structural data is (Mg().84Feo'08A10'06Ti0'02)(Mg0'50Ti0V36Feo_07A10_06)(B03)O.
Wavenumbers (cm_l): 3675w, 3320w, 1514w, 1389, 1210s, 1095sh, 1004w, 954, 887w, 744s, 607,

506, 430sh, 416s, 405sh.
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Bo5 Yuanfuliite (MgFe*")(Fe’",Mg,Ti,Al)(BO3)O
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Locality: Taezhnoe iron-ore deposit, Neryungri ulus, Sakha Republic, Siberia, Russia.
Description: Dark brown grains from the association with calcite, ludwigite and magnetite. The

empirical formula is (electron microprobe) Mg(Fey Mg 1 Tig2Aly 1)(BO3)O.
Wavenumbers (cm™'): 3450w, 1510w, 1380, 1206s, 949, 750s, 605, 499s, 410s.

Bo6 Vonsenite (Fe?* Mg),Fe’*(BO5)0,
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Locality: Taezhnoe iron-ore deposit, Neryungri ulus, Sakha Republic, Siberia, Russia.
Description: Black prismatic crystal. Identified by semiquantitative electron microprobe analysis.
Wavenumbers (cm ™ '): 3390w, 3295w, 1455w, 1285sh, 1238s, 1105sh, 1050sh, 880w, 800w, 700,

606, 500sh, 452s, 422s.
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Bo7 Hambergite Be,(BO3)(OH,F)
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Locality: Fantaziya (Fantasy) pegmatite, Kukurt river, Eastern Pamir, Tajikistan.
Description: Colourless prismatic crystal. H,O-bearing F-rich variety. Identified by IR spectrum and

semiquantitative electron microprobe analysis.
Wavenumbers (cm '): 3667, 3600, 3549, 3480, 3420, 1620, 1420sh, 1398s, 1300s, 1150, 1109,
1060w, 1027w, 1006w, 890sh, 870sh, 830s, 773s, 725sh, 677, 639, 591, 665w, 444.

Bo8 Hambergite Be,(BO3)(OH)
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Locality: Malkhan pegmatite field, Chita region, Transbaikal area, Eastern Siberia, Russia.

Description: Colourless prismatic crystal from the association with quartz, albite, lepidolite and
elbaite. Investigated by I.V. Pekov. H,O-bearing F-poor variety (the content of F is between 0.7
and 1.1 wt.%). Identified by IR spectrum and semiquantitative electron microprobe analysis.

Wavenumbers (cm): 3598w, 3543w, 3470, 3401, 3280w, 1615w, 1420sh, 1395, 1303s, 1155,
1105w, 1022w, 1011w, 889, 857, 826s, 799s, 770s, 743s, 722,706, 648, 601, 560w, 470w, 448, 441.
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Bo9 Hydroxylborite Mg;(BO3)(OH,F);3
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Locality: Titovskoe deposit, Chersky range, basin of the river Dogdo, Sakha Republic (Yakutia),
Russia (type locality).

Description: Colourless long-prismatic crystals in the association with calcite, dolomite,
ludwigite, kotoite, szaibelyite, clinohumite, magnetite, serpentine and chlorite. Holotype sample.
Hexagonal, space group P6s/m, a = 8.912(8), ¢ = 3.112(4) A. The empirical formula is
Mgs.03B0.9s[(OH)5.00F1.00]03.00- Optically uniaxial (—), @ = 1.566(1), € = 1.531(1). D¢ge =
2.872 g/cm3, Deas = 2.89(1) g/cm3. Strong lines of powder X-ray diffraction pattern [d, A , %)]
are 7.69 (52), 4.45 (82), 2.573 (65), 2.422 (100), 2.128 (60).

Wavenumbers (cm_l): 3668, 1233s, 824, 742, 630sh, 555sh, 500sh, 450sh, 407s.

Bol2 Londonite (Cs,K,0,H,0)(ALLi)4(Be,Li,AL,0)4(B,Be);5[0as (OH,F),]

1.0 I r I r I v I T T T
—_—
o 08I -
Q
=}
£
=)
g
s 06 -
=
0.4 -
| " | L 1 W/ L | " | "
500 1000 1500 3000 3500 4000

Wavenumber (cm’)

Locality: Mor’s Pits, Shaitanka pegmatite field, Rezh district., Middle Urals, Russia.

Description: Colourless transparent rhombic-dodecahedral crystal from the association with potassic
feldspar and elbaite. The empirical formula is Csg 7Kg 15Lig 1 Bes gB10.9Al4 1[O277(OH)g5].

Wavenumbers (ecm™"): 3385w, 1595w, 1180sh, 1100s, 1075sh, 912s, 875s, 800sh, 760sh, 673,
640w, 603, 511w, 475, 450sh.
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Bol3 Jimboite Mn3(BOs),
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Locality: Rito mine, Azuma-mura, Seta-gun, Gunma prefecture, Honshu Island, Japan.
Description: Brown grains in the association with a manganese humite-group mineral.
Identified by IR spectrum and qualitative electron microprobe analysis.

Wavenumbers (cm_l): 1300sh, 1249s, 1181s, 890w, 685w, 710, 686, 625, 595w, ~400.

Bol4 Jeremejevite Alg(BO3)sF;
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Locality: Fantaziya (Fantasy) pegmatite, Kukurt river, Eastern Pamir, Tajikistan.

Description: Colourless prismatic crystal. Identified by IR spectrum.

Wavenumbers (cm"): 3675w, 1390sh, 1354s, 1305s, 1224s, (1086), 961, 773, 722, 680, 661w, 605,
560, 518s, 492, 479, 460s, 424.
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Bol5 Nordenskioldine CaSn(BOs),
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Locality: Ear Mt., York range, Seward peninsula, Nome Borough, Alaska, USA.
Description: Light-coloured grains. Identified by IR spectrum and qualitative electron microprobe

analysis.
Wavenumbers (cm_l): 1276s, 1246s, 1020w, 990w, 960w, 772, 750, 666, 500sh, 436, ~390.

Bol6 Magnesiohulsite (Mg Fe>*),(Fe**,Sn,Mg)(BO3)0,
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Locality: Iten’yurginskoe deposit, Chukchi peninsula, Russia.

Description: Greenish-black granular aggregate. The empirical formula is Mg; 7,Fe; 11Sng 11Alp 06
(BO3)Os.

Wavenumbers (cm'): 1310sh, 1278s, 777w, 705, 622, 560sh, 472s, 435s.
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Bol7 Pinakiolite (Mg,Mn”>"),Mn>*(BO5)O,
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Locality: Langban deposit, Bergslagen ore region, Filipstad district, Virmland, Sweden (type

locality).
Description: Black prismatic crystals from the association with dolomite, phlogopite and
hausmannite. The empirical formula is (electron microprobe) Mg, sMng ¢Sby Al 1Feq 1(BO3)O,.
Wavenumbers (cm™'): 3310w, 1273s, 1205s, 1095sh, 949w, 798w, 723, 670, 591, 541, 467s,

432s, 415sh.

Bol8 Orthopinakiolite (Mg,Mn>"),(Mn>",Fe*")(BO;)0,
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Locality: Langban deposit, Bergslagen ore region, Filipstad district, Virmland, Sweden (type
locality).

Description: Black prismatic crystals from the association with dolomite, phlogopite and
hausmannite. Identified by single-crystal X-ray diffraction data.

Wavenumbers (cm'): 1282s, 1210sh, 1100, 798w, 726, 603, 551, 485sh, 465s, 420sh.
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Bol19 Kotoite Mg3(BO3),
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Locality: Molodyozhnoe deposit, Aldan shield, Sakha Republic, Siberia, Russia.

Description: White granular aggregate. Identified by IR spectrum. Contains admixture of szaibélyite
(weak bands at 3555 and from 837 to 1,011 cmfl; shoulders at 1,450 and 1,335 cmfl).

Wavenumbers (cm 1): 3555w, 1450sh, 1335sh, 1280s, 1210s, 1011w, 980w, 921w, 837w, 730sh,
705, 656, 520sh, 495sh, 422s, 398s.

Bo20 Tusionite Mn>*Sn*"(BO;),
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Locality: Tusion River valley, Pamir Mts., Tajikistan (type locality).
Description: Brown crystal. Identified by IR spectrum. The empirical formula is (electron micro-

probe) Mng 77Feq 10Mgo.09Sn0.05(BO3),.
Wavenumbers (cmfl): 1300sh, 1239s, 949w, 764, 742, 674, 446w, 380.
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Bo21 Fluoborite Mg3(BO3)(F,OH);
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Locality: Franklin, New Jersey, USA.

Description: Pale yellow transparent crystals in the association with norbergite and magnetite.

The empirical formula is (electron microprobe) Mg, 9sFeq.05(BO3)[F2.4(OH)g¢]-

Wavenumbers (cm '): 3645sh, 3640w, 1241s, 1095sh, 857, 823w, 743, 699w, 676w, 655sh, 535sh,

500sh, 468s, 400s.

Bo22 Yuanfuliite (Mg, Fe*")(Fe**,Mg,Ti,Al)(BO3)O
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Locality: Taezhnoe iron-ore deposit, Neryungri ulus, Sakha Republic, Siberia, Russia.
Description: Dark brown grains from the association with calcite, ludwigite and magnetite.

The empirical formula is (electron microprobe) Mg(Feq ¢0Tig.17Alp.15Mg0.07Z10.01)(BO3)0.
Wavenumbers (cm_l): 1550w, 1380s, 1216s, 947, 739s, 594, 490s, 460s, 410s.
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Bo23 Jeremejevite Alg(BO3)sF3

0.9 I ! I ! I ! I 4 I ! I

0.7

Transmittance

0.5

1 A 1 . ] . ] S/ 1 A 1 L
500 1000 1500 2000 3000 3500 4000

Wavenumber (cm'l)

Locality: Erongo Mts., Usakos district, Namibia.
Description: Light blue prismatic crystal. Identified by IR spectrum.
Wavenumbers (cm ™ '): 3670w, 1357s, 1306s, 1227s, 1090, 962w, 774, 725, 681, 608, 563, 518s,

493s, 465s, 426.

Bo24 Hambergite Be,(BO3)(OH)
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Locality: Paprok mine, Kamdesh district, Nuristan (Nurestan, Nooristan) province, Afghanistan.

Description: Pink twin. OH-rich F-poor variety. Identified by IR spectrum.

Wavenumbers (cm): 3468, 3400, 3290sh, 1420sh, 1394, 1304s, 1155, 1090w, 1017w, 889, 857,
826s, 800s, 770s, 743s, 722, 705, 647, 601, 559w, 445.
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Bo25 Fredrikssonite Mg,(Mn®* Fe*")(BO5)O,
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Locality: Langban deposit, Bergslagen ore region, Filipstad district, Virmland, Sweden (type

locality).
Description: Dark brown prismatic crystals from the association with calcite and hausmannite.

Wavenumbers (cm ') 1325s, 1257s, 1190sh, 1100sh, 720, 668w, 630sh, 574s, 520sh, 495sh, 480s,
435sh, 412.

Bo26 Fluoborite Mg;(BO;)(F,OH);
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Locality: Pohla, Schwarzenberg district, Erzgebirge, Saxony, Germany.

Description: White long-prismatic crystals in the association with ludwigite.

The empirical formula is (wet chemical analysis) Mg» ogFeq 07B1.00[F2.01(OH)1.07103.01-
Wavenumbers (cm_l): 3675, 3653, 1236s, 850, 739, 640sh, 613, 525sh, 457s, 397s.
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Bo27 Hulsite (Fe** Mg),(Fe**,Sn,Mg)(BO;)0,
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Locality: Moral’'nyi district, Titovskoe boron deposit, Tas-Khayakhtakh range, Sakha Republic,

Russia.

Description: Black massive. The empirical formula is (electron microprobe) Fe, g1Mgq 1251 07(BO3)O,.
Wavenumbers (cmfl): 1275s, 1250s, 1200sh, 898w, 839w, 818w, 690s, 608, 510sh, 457s, 440sh.

Bo28 Hulsite (Fe** Mg),(Fe**,Sn,Mg)(BO5)0,
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Locality: Titovskoe boron deposit, Tas-Khayakhtakh range, Sakha Republic, Russia.

Description:

Black platy
Fes s5sMgo 30Sn0.12Alp 03(BO3)O,.

crystals.

The

empirical

formula

is (electron

Wavenumbers (cm'): 1275sh, 1243s, 1198s, 1000sh, 686s, 597, 440s.

microprobe)
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B029 Takéuchiite (Mg,Mn*"),(Mn>** Fe’*)(BO5)O,
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Locality: Langban deposit, Bergslagen ore region, Filipstad district, Virmland, Sweden (type
locality).

Description: Black crystals.

Wavenumbers (cm '): 1277s, 1218, 1195sh, 1016w, 956w, 877w, 726, 635sh, 611, 555, 470s, 385.

Bo30 Ludwigite (Mg,Fe®*),Fe’"(BO5)O,
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Locality: Taezhnoe iron-ore deposit, Neryungri ulus, Sakha Republic, Siberia, Russia.

Description: Black coarse-grained aggregate. The empirical formula is (electron microprobe)
(Mg 6sFe™ 35)(Fe™ ") 5Alg.15)(BO3)O,.

Wavenumbers (cm ™ '): 1463w, 1250s, 1010, 979w, 920w, 708, 623, 560, 520sh, 455s.
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Bo31 Fluoborite Mg3(BO3)(F,OH);
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Locality: Rudville, New Jersey, USA.
Description: Yellowish grains in rock. Identified by IR spectrum. The empirical formula is (electron

microprobe) Mgs osFeg 05(BO3)[F, 4(OH)o 6]
Wavenumbers (cm_l): 3643, 1245s, 858, 743, 677w, 466s, 390s.

BAsl Cahnite Ca,;B(AsO4)(OH),
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Locality: Borehole at the Solongo boron deposit, basin of the Vitim river, southern part of the
Vitimskoe plateau, Buryatia, Transbaikal Region, Russia.

Description: White pseudomorph after turneaureite. Associated minerals are pentahydroborite,
szaibélyite, calcite and sakhaite. Investigated by S.V. Malinko.

Wavenumbers (cmfl): 3425sh, 3370sh, 3300sh, 3165s, 3000sh, 2925sh, 2860sh, 2514, 2150w,
1600sh, 1312, 1247, 990sh, 956s, 913s, 850s, 790, 541w, 441, 406.
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BAs2 Teruggite Cas;Mg[BsO;(OH)glo(AsOy4),-12H,0
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Locality: Hisarcik borate mine, near Emet, Kiitahya Province, Turkey.

Description: White nodule from the association with colemanite and ulexite. Specimen No. 80107
from the Fersman Mineralogical Museum of the Russian Academy of Sciences, Moscow, Russia.
Confirmed by IR spectrum.

Wavenumbers (cm'): 35225, 3350, 3100, 2575w, 2485w, 1660, 1625w, 1482, 1446, 1401, 1358s,
1267, 1195s, 1152s, 1127s, 1095, 1064, 1030sh, 1005sh, 988s, 962, 920w, 890, 848s, 832s, 808s,
780sh, 717, 690sh, 661, 628, 553w, 525w, 488w, 462, 430, 410sh.

BC1 Sakhaite Ca;(Mg,Fe,Al)4,(BO3)s(CO;3)4-n(H,0,C1,0H)
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Locality: Dokuchan, Sakha Republic, Eastern Siberia, Russia.

Description: Grey massive aggregate. Identified by IR spectrum. The empirical formula is (electron
microprobe) Cajs00Mg3.s53Fe0.44Mng 03Al0 20S10.25(BO3).(CO3),Cl; 13(OH,H,0),.

Wavenumbers (cm ): 3685w, 3555w, 3370w, 1530s, 1248s, 1030w, 993w, 945w, 920sh, 863, 850,

779w, 739s, 620, 450s.
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BC2 Sakhaite Ca]Q(Mg,Fe,Al)4+x(B03)8(CO3)4-n(H20,Cl,OH)
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia.

Description: Brown massive aggregate from the association with kurchatovite and ludwigite.
Identified by IR spectrum. Si- and Al-rich variety (transitional to harkerite). The empirical formula
is (electron microprobe) Ca 0oMgs s2Feg 30Mng 17Alg 64511 89(BO3)(CO3),Cl, o7(0OH,H,0),.

Wavenumbers (cmfl): 1525s, 1248s, 991, 916w, 850, 776w, 736s, 617w, 535sh, 453s, 407w.

BC3 Harkerite Caleg4Al [SI(0,0H)4]4(BO3)4(CO3)4I’l(Cl,HzO)
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Locality: Dokuchan, Sakha Republic, Eastern Siberia, Russia.

Description: Brown massive aggregate from the association with kurchatovite and ludwigite.
Identified by IR spectrum. Si-poor variety (transitional to sakhaite). The empirical formula is
(electron microprobe) Ca ;s 00Mg3 s0Feo.3sMng 02Al105512.60(BO3),(CO3),Cl; 05(OH,H,0),.

Wavenumbers (cm '): 3560w, 3320w, 1522s, 12455, 983s, 911, 861, 850, 814w, 777w, 738, 623w,
610sh, 538, 470sh, 456s, 403w.
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BC4 Gaudefroyite Ca;Mn3(BO3)3(CO5)05
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Locality: N’Chwaning II Mine, Kuruman, Kalahari manganese fields, Northern Cape province,

South Africa.
Description: Black prismatic crystal from the association with barite. Identified by IR spectrum.
Wavenumbers (cm '): 1496s, 1219s, 1140sh, 1108, 936, 856, 764w, 752w, 733, 724, 662, 622, 591,
469, 405w.

BC5 Canavesite Mg,(CO5)(HBO;5)-5H,0
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Locality: Brosso mine, Calea, Léssolo, Canavese district, Torino province, Piedmont, Italy (type
locality).

Description: White soft radial-fibrous aggregates. Identified by IR spectrum.

Wavenumbers (cmfl): 3655w, 3530, 3370, 1645w, 1455s, 1319, 1165, 1001s, 965sh, 874, 774, 687,
585, 493, 448.
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BC6 Borcarite CasMg[B4;Os(OH)s](CO3),
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Locality: Solongo boron deposit, basin of the Vitim river, southern part of the Vitimskoe plateau,
Buryatia, Transbaikal Region, Russia.

Description: White grains from the association with kurchatovite and szaibélyite. Investigated by
S.V. Malinko.

Wavenumbers (cm ") 3565, 3280, 1453s, 1417s, 1271, 1224, 1130sh, 1066, 1011, 938, 924, 905sh,
876, 820sh, 759, 730, 706, 684, 670sh, 626, 602w, 560sh, 546w, 485w, 435, 385.

BC7 Carboborite Ca,Mg(CO5),B,(OH)g-4H,0O
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Locality: Titovskoe boron deposit, Tas-Khayakhtakh range, Sakha Republic (Yakutia), Eastern
Siberia, Russia.

Description: White crystals from the association with Mg-bearing calcite, serpentine and ludwigite.
Investigated by 1.V. Pekov. Single-crystal unit-cell parameters are a = 10.695(10), b = 6.694(3),
¢ = 11.058(15) A, p = 116.55(13)°.

Wavenumbers (ecm'): 3619, 3544, 3425s, 3380sh, 3265, 3090sh, 2518w, 1667, 1462s, 1431s,
1353w, 1265, 1211, 1140sh, 1075, 1030sh, 997s, 956, 925, 868, 830w, 802, 763, 750sh, 732,
690, 661, 587, 544, 513, 465w, 380sh.
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2.2 Carbides and Carbonates

Crbdl Moissanite SiC
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Locality: Synthetic.
Description: Green single-crystal grain.

Wavenumbers (cmfl): 925sh, 880s, 795sh, 580w, 470w.

C1 Tengerite-(Y) Y,(COj3);-2-3H,0
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Locality: Idkerberget, Borlidnge, Dalarna, Sweden.

Description: White crust. Identified by qualitative electron microprobe analysis and IR spectrum.

Wavenumbers (cm '): 3420s, 2950sh, 1775w, 1650sh, 1525s, 1423s, 1099w, 1061w, 1014, 863,
849, 839, 757, 686, 610w, 523w, 466.
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C3 Claraite (Cu,Zn); (CO3)(OH)44H,0
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Locality: Weisser Schrofen, Ringenwechsel district, Brixlegg, Tyrol, Austria.

Description: Light blue crusts in the association with dolomite, malachite, allophane, parnauite and
tyrolite. Identified by powder X-ray diffraction pattern (the strongest reflections are observed at
13.5, 7.9, 5.12, 3.73, 3.28, 2.96, 2.77 1&). The empirical formula is (electron microprobe)
Cuy 67700 33(CO3)(OH)4-4H,0.

Wavenumbers (cm™"): 3350sh, 3250sh, 3160, 1635w, 1502s, 1437s, 1405s, 1104, 1062, 1016,
980w, 873, 832, 819s, 802, 488, 460sh.

C5 Ancylite-(Ce) Sr(Ce.La)(CO3),(OH)-H,O
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Locality: Neskevaara hill, Vuoriyarvi alkaline-ultramafic pluton, Northern Karelia, Russia.

Description: Brownish pseudomorphs after carbocernaite crystals from carbonatite. Low-symmetry
variety, space group Pmc2;. The empirical formula is (electron microprobe) (Sry77Cag 16)
(Cep.50Llag.25Ndo.21Pro,02)(CO3)2(OH,H,0)s.

Wavenumbers (cm"): 3540sh, 3490, 3920w, 1765w, 1486s, 1438s, 1415sh, 1068, 860, 721, 707, 699.
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C6 Alumohydrocalcite CaAl,(CO3),(OH)4-3H,0
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Locality: Ladomirov, Slovakia.

Description: White spherulites from the association with dawsonite. Identified by IR spectrum.

Wavenumbers (cm ™ '): 3450sh, 3355s, 3270sh, 3125, 3075sh, 1678, 1550s, 1523s, 1510sh, 1420s,
1397s, 1112, 1100, 1007s, 967, 891w, 867, 855, 797w, 726, 658, 573, 523s, 507s, 474.

C8 Aurichalcite (Zn,Cu>")5(CO3)»(OH),
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Locality: Verkhniy mine, Dal’negorskoye deposit, Primorskiy Kray, Far East, Russia.

Description: Greenish-blue radiating aggregates to 1 mm in diameter. Identified by IR spectrum.
The empirical formula is (electron microprobe) Zn3 ,Cu; ;Mg 1(CO3),(OH)s.

Wavenumbers (cm_l): 3340, 2880w, 1610sh, 1566s, 1550sh, 1507s, 1414s, 1365s, 1188w, 1168w,
1061, 1042, 977, 936w, 840s, 734, 710w, 505, 455.
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C9 Alumohydrocalcite CaAl,(CO3),(OH)4-3H,0
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Locality: Potekhina village, 40 km NE of Sorsk, Khakassia, Siberia, Russia.

Description: Lilac fine-grained aggregate. Identified by IR spectrum.

Wavenumbers (cm ™ '): 3495, 3405, 3365s, 3270sh, 3160, 3080sh, 1670, 1550sh, 1515s, 1417s,
1394s, 1111, 1097, 1006s, 965, 891w, 867, 855, 821w, 798w, 729, 658, 630sh, 569, 518s,

506s, 473.

C10 Andersonite Na,Ca(UO,)(COs3);5-6H,O
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Locality: Uranium mine near Moab, Utah, USA.
Description: Yellow platy crystals. Identified by IR spectrum and qualitative electron microprobe

analysis.
Wavenumbers (cm_l): 3547, 3410, 3210, 1656, 1579s, 1565sh, 1545sh, 1523, 1358s, 1091w,

1079w, 913, 902s, 852, 847, 792w, 727, 700, 622w, 530sh, 460, 421.
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C11 Azurite Cu";(COg)z(OH)z
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Locality: Pieski mine, Spania Dolina, near Banska Bystrica, Slovakia.
Description: Blue split crystals to 0.3 mm from the association with camerolaite. Identified by IR

spectrum.
Wavenumbers (cm'): 3430, 1498s, 1460s, 1415s, 1090w, 955, 837, 818, 770w, 746w, 495, 456.

C12 Artinite Mg>(CO3)(OH),-3H,0
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Locality: Getchell mine, N of Golconda, Humboldt Co., Nevada, USA.

Description: White radiating aggregate of fibrous crystals. Identified by IR spectrum.

Wavenumbers (cm'): 3690w, 3605s, 3120sh, 3015s, 2470w, 2420w, 2250w, 1790w, 1590, 1451s,
1370s, 1326s, 1094, 1075w, 947, 900sh, 747s, 724, 698, 674, 620sh, 513, 435s.
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C14 Ancylite-(La) Sr(La,Ce)(CO3),(OH)-H,O
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Locality: Marchenko Peak, Kukisvumchorr Mt., Khibiny alkaline complex, Kola peninsula,
Murnansk region, Russia.

Description: Brown crystals to 1 mm growing on microcline. Low-symmetry variety, space
group Pmc2,. The empirical formula is (electron microprobe) (Srg73CagosBag.o2)
(Lag.56Cep.50Ndo.00P10.04)(CO3)2(OH,H,0)s.

Wavenumbers (ecm1): 3530sh, 3480, 3310, 2950sh, 1770w, 1650sh, 1525, 1481s, 1436s, 1410sh,

1067, 862s, 727, 711, 701.

C15 Ancylite-(Ce) Sr(Ce,La)(CO3),(OH)-H,O
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Locality: Marchenko Peak, Khibiny alkaline complex, Kola peninsula, Murnansk region, Russia.

Description: White prismatic crystals to 1 mm in length. Associated minerals are gonnardite,
eudialyte, microcline and aegirine. Low-symmetry variety, space group Pmc2;. The empirical
formula is (electron microprobe) (Srg71Cag 07Bag.03)(Cep.61Lag.51Ndg 05Pr0.02)(CO3)-,(OH,H,0),.

Wavenumbers (cm '): 3535sh, 3488, 2890, 2590sh, 1770w, 1640sh, 1485s, 1441s, 1410sh, 1220sh,
1068, 862, 857s, 720, 728, 711, 702, 695, 640sh.
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C16 Ancylite-(Ce) Sr(Ce,La)(CO3),(OH)-H,O
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Locality: Iron mine, Kovdor, Kovdor alkaline ultramafic complex, Kola peninsula, Murnansk region,
Russia.

Description: Beige soft aggregate. Associated minerals are pyrite, natrolite, lemmleinite-Ba. Low-
symmetry variety, space group Pmc2,. The empirical formula is (electron microprobe)
(St.82Cag.19Bag 03)(Ceo.s53l.ap 3aNdo.00P10.03)(CO3)2(OH,H50)s.

Wavenumbers (cm'): 3550sh, 3492, 2900sh, 1765w, 1484s, 1442s, 1410s, 1068, 860s, 722, 710,

702, 460.

C17 Niveolanite NaBe(CO3)(OH)-2H,0

0.9 , . . . . . P . ,
0.7 .
(0]
Q
=
<
pu=t
g
Z 05 .
[o]
$—
=
03 .
| L 1 1 1 ) I//// | 1 | "
500 1000 1500 2006 3000 3500 4000

Wavenumber (cm'l)

Locality: Poudrette (Demix) quarry, Mont Saint-Hilaire, Rouville RCM (Rouville Co.), Montérégie,
Québec, Canada (type locality).

Description: White soft fibrous aggregate from the association with natrolite, gonnardite, siderite,
petersenite-(Ce), franconite, dawsonite, analcime, quartz, eudidymite, catapleiite, gaidonnayite,
monazite-(Ce), calcite, adamsite-(Y), shomiokite-(Y), etc. Holotype sample. The crystal structure
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is solved. Tetragonal, space group P4/mcc, a = 13.1304(19), ¢ = 5.4189(11) A, V =934.3
(3) A3, Z = 8. The empirical formula is (Na0~94Cao_10)2|‘04Beo_98(CO3)wo(OH)]‘lo-1.66H20.
Optically uniaxial @ = 1.469(1), € = 1.502(1). Deas = 2.06 g/cm3. The strongest lines of the
powder diffraction pattern [d, A (I, %) (hkl)] are 13.01 (100) (100), 9.20 (62) (110), 4.343 (27)
(300); 3.611 (34) (320), 3.269 (22) (311), 3.256 (95) (400), 2.693 (44) (002), 2.605 (37) (430, 500),
2.489 (60) (202), 2.076 (32) (620).

Wavenumbers (cm™Y): 3550sh, 3380, 1780sh, 1640sh, 1567s, 1531s, 1503, 1395s, 1117, 1059,
905w, 870s, 847, 756s, 692w, 560, 450w.

C18 Brenkite Ca,(CO3)F,
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Locality: Schellkopf quarry, near Brenk, Eifel region, Germany (type locality).

Description: Radial aggregates of colourless prismatic crystals in the association with phillipsite-K.
Identified by IR spectrum and electron microprobe analysis (Ca:F = 1:1). Bands of OH groups
and H,O molecules are absent in the IR spectrum.

Wavenumbers (cm"): 1803, 1518s, 1458s, 1187w, 1166w, 1085w, 1002w, 861s, 844, 724, 719.

C19 Benstonite (Ba,Sr)sCagMg(CO3);3
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Locality: Murun massif, Sakha Republic (Yakutiya), Siberia, Russia.

Description: White massive aggregate. Disordered variety. Product of heating up to 660 °C for
homogenization with the restoration of Mg-free benstonite-type protophase. Identified by powder
X-ray diffraction pattern. The empirical formula is Bay St; ¢Cas g(CO3);3.

Wavenumbers (cmfl): 1772w, 1425s, 1078w, 874s, 712, 695, 687.

C20 Benstonite (Ba,Sr)sCagMg(CO5);3
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Locality: Jogipatti massif, Southern India.

Description: White massive aggregate. Identified by powder X-ray diffraction pattern. The empirical
formula is Bas ;Stg.9Cag,Mgg g(CO3);3.

Wavenumbers (cm"): 1760sh, 1495sh, 1445s, 1415s, 1078, 872s, 716, 686.

C22 Barytocalcite BaCa(CO;),
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Locality: Kedrovyi massif, Murunskiy alkaline complex, Sakha Republic (Yakutiya), Siberia,
Russia.

Description: White aggregate from the association with paralstonite, calcite and barite. Identified by
IR spectrum. The empirical formula is (electron microprobe) Bag 94Stg 0sCag 95(CO3),.

Wavenumbers (cm ™ '): 1798w, 1775w, 1522s, 1473s, 1409s, 1370s, 1081, 878, 867s, 722, 695, 679w.
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C23 Beyerite (Ca,Pb)Biy(CO3),0,
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Locality: Jachymov, Krusné Hory Mts. (Ore Mts.), Czech Republic.

Description: Yellow massive, from the association with eulytine. The empirical formula is (electron
microprobe, semiquantitative analysis) Ca; ;5Pbg sBi; g(CO3),0,. Contains impurities.

Wavenumbers (cm_l): 1485s, 1465s, 1400sh, 1067, 863s, 848, 792, 777, 704, 687w, 572, 456.

C24 Bastnasite-(Ce) (Ce,La)(CO3)F
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Locality: Ploskaya Mt., Keivy massif, Kola peninsula, Murnansk region, Russia.
Description: Brown grains in pegmatite. The empirical formula is (electron microprobe)

(Ceg.s4lLag 26Ndo.12Prg 06SMp 91 Cag 01)(CO3)F.
Wavenumbers (cm_l): 1449s, 1417sh, 1085, 867s, 841, 729, 694w, 612w.
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C26 Bismutite (BiO),(CO3)
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Locality: Bainazar, Kazakhstan.
Description: Yellowish-green fine-grained aggregate in quartz. Identified by IR spectrum and

qualitative electron microprobe analysis.
Wavenumbers (cm'): 1390s, 1065w, 1015w, 846s, 689w, 533, 430sh, (400s).

C28 Cerussite Pb(CO3)
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Locality: Monte Avanza mine, Forni Avoltri, Udine province, Italy.

Description: Colourless crystal from the association with secondary copper minerals. Identified by
IR spectrum and qualitative electron microprobe analysis.

Wavenumbers (cm_l): 1730, 1430sh, 1395s, 1170sh, 1051, 839, 678s, 485w.
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C29 Barentsite Na;Al(CO;3),(HCO;),F,
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Locality: Restin’yun Mt. (drillcore, depth 600 m), Khibiny alkaline complex, Kola peninsula,
Murnansk region, Russia (type locality).

Description: Colourless grains from the association with shortite, villiaumite, cryolite, neigh-
borite, bonshtedtite, natrite and albite. Holotype sample. The empirical formula is
H; o6Nag, 99A1101(CO3); 51F3.62. Optically biaxial (=), @ = 1.358(2), f = 1.479(2), v = 1.530(2).
Dimeas = 2.56 g/em®. The strongest lines of the powder X-ray diffraction pattern [d, A 1, %)) are
2.778 (100), 2.658 (100), 2.887 (84), 2.169 (70), 2.316 (50), 1.870 (42), 2.543 (30).

Wavenumbers (cmfl): 3400w, 3135w, 2915w, 2590, 2520sh, 1965, 1690sh, 1660, 1497, 1439s,
1382s, 1349s, 1081, 1035, 1009, 871, 839s, 742w, 711, 685, 660, 599s, 424s.

C30 Weloganite Sr3Na,Zr(CO5)6-3H,0
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Locality: Francon quarry, Saint-Michel, Montréal, Québec, Canada (type locality).

Description: Light greenish-grey crystals. Identified by IR spectrum and qualitative electron micro-
probe analysis.

Wavenumbers (cmY): 3510sh, 3370, 2610w, 1795w, 1680, 1615s, 1560sh, 1545s, 1528s, 1415,
1356s, 1062s, 1056s, 869, 849s, 750s, 709, 677, 650sh, 549.
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C31 Wegscheiderite Nas(CO3)(HCOs3)3
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Locality: Umbozero underground mine, Lovozero alkaline complex, Kola peninsula, Murnansk
region, Russia.

Description: Light grey coarse-grained aggregate. Associated minerals are sidorenkite, kogarkoite,
villiaumite, catapleiite, microcline, aegirine and sphalerite. Identified by powder X-ray diffraction

pattern.
Wavenumbers (cm_l): 3450w, 2930w, 2630w, 1920w, 1725sh, 1693s, 1658s, 1455sh, 1427, 1374s,

1200sh, 1065w, 1047, 1032, 1018, 847s, 839s, 695, 674s, 637, 610sh.

C32 Gaylussite Na,Ca(CO3),:5H,0
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Locality: Searles Lake, San Bernardino Co., California, USA.
Description: Colourless crystal. Identified by IR spectrum and morphological features.
Wavenumbers (cm_l): 3460sh, 3345s, 3290sh, 2965s, 1655, 1610, 1435sh, 1418s, 899, 877s, 806,

721, 693, 652, 555w, 522, 460sh.
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C33 Glaukosphaerite (Cu,Ni),(CO5),(OH),
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Locality: Carr Boyd mine, Western Australia.
Description: Green spherulites to 0.6 mm. The empirical formula is (electron microprobe)

(Cug.oNig gMgp 2Zng 1)(CO3),(OH)s.
Wavenumbers (cmfl): 3480, 3305, 1536s, 1439, 1379s, 1099w, 1047, 868, 828, 815w, 743, 718w,

685w, 561w, 490sh, 444.

C34 Gaylussite NaZCa(CO3)2-5H20
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Locality: Trona, Searles Lake, San Bernardino Co., California, USA.
Description: Colourless grain. Identified by IR spectrum.
Wavenumbers (cm_l): 3410sh, 3335, 3110sh, 2960, 1650sh, 1600, 1440sh, 1420s, 898, 877s, 804,

755w, 720, 693, 655, 547, 520.
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C35 Hydromagnesite Mgs(CO3)4(OH),-4H,0
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Locality: Bazhenovskoe (Bazhenovskoye) chrysotile asbestos deposit, Asbest, Middle Urals, Russia.
Description: White radial aggregate. Associated minerals are aragonite, magnesite and chrysotile.

Identified by powder X-ray diffraction pattern.
Wavenumbers (cm ') 3645, 3505, 3445, 3000, 1660sh, 1515sh, 1484s, 1427s, 1118w, 1109w, 885,

853, 790, 744w, 714w, 660w, 593, 480, 468, 434s.

C36 Hydrozincite Zns(COs5),(OH)q
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Locality: Santander, Cantabria, Spain.
Description: White spherulites. Identified by IR spectrum and qualitative electron microprobe

analysis.
Wavenumbers (cm'): 3360sh, 3280sh, 3225, 1550sh, 1512s, 1384s, 1095sh, 1065sh, 1049, 955,

896, 837s, 737w, 710, 512, 465, 400w.
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C37 Glaukosphaerite (Cu,Ni)(CO3),(OH),
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Locality: Mina el Dragon, Potosi, Bolivia.
Description: Green massive.

Wavenumbers (cm ') 3475, 3420, 3315, 1530s, 1384s, 1099, 1046s, 870s, 827, 817s, 744, 569, 455.

C38 Gaspéite Ni(CO3)
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Locality: Widgiemooltha, Western Australia.

Description: Apple-green spherulite, from the association with carrboydite. The empirical formula is
(electron microprobe) Nip Mgg 35Fe(.05(CO3).

Wavenumbers (cmfl): 1840w, 1440s, 873s, 752, 390sh, 375.
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C39 Smithsonite Zn(COs)
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Locality: Preguica mine, Sobral da Adica, Moura, Beja district, Portugal.

Description: Light grey, massive. Identified by qualitative electron microprobe analysis.
Wavenumbers (cm_l): 1818w, 1425s, 871s, 842, 745s, 500w, 457w.

C40 Adamsite-(Y) NaY(COj3),-6H,0
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Locality: Umbozero underground mine, Lovozero alkaline complex, Kola peninsula, Murnansk
region, Russia.

Description: White scaly aggregate. Pseudomorph after shomiokite-(Y). Investigated by 1.V. Pekov.
Identified by powder X-ray diffraction pattern and electron microprobe analysis. The empirical
formula is Nag 97(Y¢.84Dy0.07E10.04Gd0.02 Yb.02)(CO3),-nH,0. The strongest lines of the powder
diffraction pattern [d, A (I, %)] are 12.9 (100), 6.50 (80), 4.48 (90), 4.31 (40), 3.30 (40), 3.17 (50),
2.873 (50), 2.601 (40), 2.070 (60), 2.007 (60). Confirmed by IR spectrum.

Wavenumbers (cm_l): 3480sh, 3340, 3280sh, 1792w, 1660, 1531s, 1381s, 1070w, 1061w, 877, 850,
824w, 775, 741, 641, 590sh, 550w.
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C41 Kochsandorite CaAl,(CO3),(OH)4-H,O
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Locality: Many, Bicske-Zsambéki basin, Hungary.

Description: Spherical aggregates of acicular crystals in coal. Associated minerals are
alumohydrocalcite and illite. Identified by IR spectrum.

Wavenumbers (cm'): 3540, 3485, 3440s, 3130, 3000w, 1654, 15765, 1518s, 1448s, 1363s, 1112,
1088, 973s, 915, 900sh, 854, 844s, 778w, 754w, 720sh, 694, 585s, 560s, 462.

C42 Hydroxylbastnasite-(Ce) (Ce,La)(CO5)(OH,F)
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Locality: Crosetto talc mine, Level 1440, Prali, Germanasca valley, Torino province, Piedmont, Italy.

Description: Pink grains in rock. The empirical formula 1is (electron microprobe)
(Ce0.43Ndg 27Lag.13Pr0.08Sm0,05Gd0.03Dy0.01Cap.01)(CO3)(OH)g oFp 1. The strongest lines of the
powder diffraction pattern [d, A I, %)] are 4.97 (90), 3.57 (100), 2.896 (100), 2.070 (60), 2.028
(80), 1.904 (70), 1.583 (40), 1.305 (50).

Wavenumbers (cm 1): 3608w, 3548, 3460, 3410sh, 1815w, 1506s, 1446s, 1412s, 1083w, 873s, 850,
792s, 757, 733, 717, 690, 665, 603.
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C43 Reevesite NigFe’*,(CO3)(OH),-4H,0
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Locality: Weathered iron meteorite Dronino, Dronino village, Kasimov District, Ryazan’ Oblast,

Russia.

Description: Yellow fine-grained aggregate grains in rock. Associated minerals are violarite, troilite,
chromite, goethite, lepidocrocite and nickelbischofite. The empirical formula is (electron
microprobe, COj calculated) (Ni5.32F62+0.68)(F63+1.95CFO.05)[(C03)0.72(SO4)0.28](OH)ls'”Hzo
(the ratio Fe**:Fe** and the content of CO; are calculated by stoichiometry).

Wavenumbers (cm_l): 3450sh, 3380s, 3000sh, 1635w, 1450sh, 1362s, 1105, 861s, 792s, 778s, 740,

684, 660sh, 619, 520sh, 490sh, 460s.

C44 Malachite Cu,(CO3)(OH),
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Locality: Tsumeb (Tsumcorp) mine, Tsumeb, Otjikoto (Oshikoto) region, Namibia.

Description: Green crystals. Identified by IR spectrum and qualitative electron microprobe analysis.

Wavenumbers (cm_l): 3398s, 3305s, 1520sh, 1500s, 1425s, 1392s, 1097, 1049s, 874s, 822s, 783,
751, 712, 585, 575, 524, 502, 486w, 428w.
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C46 Cebaite-(Ce) BazCe,(CO3)sF,
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Locality: East mine, Bayan Obo, Inner Mongolia, China (type locality).
Description: Yellowish-brown grains in the association with quartz, fluorite, aegirine, fluorapatite

and monazite-(Ce). Identified by IR spectrum.
Wavenumbers (cm '): 1472s, 1426s, 1405sh, 1182w, 1085, 880, 862, 803w, 718, 707, 691w, 636w,

608w, 458.

C47 Sj()gl'eﬂite Mg6F€3+2(CO3)(OH)164H20
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Locality: Phlogopite Mine, Kovdor, Kovdor alkaline ultramafic complex, Kola peninsula, Murnansk
region, Russia.

Description: Scaly aggregate. Associated minerals are phlogopite and dolomite. Identified by powder
X-ray diffraction pattern and qualitative electron microprobe analysis.

Wavenumbers (cm '): 3560sh, 3460s, 2980, 1655, 1367s, 1060sh, 944, 800sh, 683s, 586,

437s, 362s.
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C48 Hydromagnesite Mgs(CO3)4(OH),-4H,0
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Locality: San Benito, Clear Creek Co., California, USA.

Description: White crust. Identified by IR spectrum.

Wavenumbers (cm ™ Y): 3655, 3515, 3455, 2990, 1650sh, 1515sh, 1485s, 1427s, 1118w, 1109w,
946w, 885, 853, 792, 744w, 714w, 660sh, 592, 480, 468, 434s.

C49 Donnayite-(Ce) SrzNaCaCe(COs3)s-3H,0
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Locality: Neskevaara hill, Vuoriyarvi alkaline—ultrabasic massif, Northern Karelia, Russia.
Description: White rosette-like aggregate in the association with carbocernaite. The empirical
formula is (electron microprobe) Sr; 43Bag 15Nag 05Ca; 1,Ceq gglag 32Ndg 15Pr0.06(CO3)g:nH,0.
Wavenumbers (cm_l): 3310, 3000sh, 1760sh, 1650sh, 1540sh, 1484s, 1390s, 1363s, 1061, 859s,

717, 695, 655, 620sh, 534w, 387w.
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C50 Decrespignyite-(Y) Y4Cu(CO3)4CI(OH)s-2H,0O
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Locality: Paratoo copper deposit, Olary district, South Australia, Australia (type locality).
Description: Blue-rounded aggregates. Identified by qualitative electron microprobe analysis.

Wavenumbers (cm'): 3520sh, 3422s, 3260, 1646s, 1549s, 1486s, 1421s, 1029, 871w, 853w, 805s,
794s, 747, 727, 695, 602w, 520sh, 494, 416s.

C51 Witherite Ba,(CO3)
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Locality: Kremikovtsi iron mine, near Sofia, Bulgaria.

Description: Aggregate of brownish split and twinned crystals. Associated minerals are barite and
hematite. Identified by IR spectrum and qualitative electron microprobe analysis.

Wavenumbers (cm_l): 2875w, 2820w, 1752, 1434s, 1060, 859s, 840, 694, 610w.
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C52 Dundasite PbAlz(CO3)2(OH)4H20
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Locality: Adelaida mine, Dundas, Tasmania, Australia (type locality).

Description: White crystalline crust. The empirical formula is
Pb; 03Cag 04Alg.92Fe0,03(CO3)2(OH)4-nH,O.

Wavenumbers (cm '): 3602, 3500sh, 3453, 3060, 1642, 1527s, 1510sh, 1400s, 1100, 1085sh,
1018w, 967s, 924w, 886, 844, 825w, 750, 672, 605w, 576s, 543s, 530sh, 480w, 453w.

(electron microprobe)

C53 Dresserite BaAl,(CO3),(OH)4-H,O
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Locality: Francon quarry, Saint-Michel, Montréal, Québec, Canada (type locality).

Description: White radial aggregate. Confirmed by IR spectrum.

Wavenumbers (cm™'): 3620, 3540sh, 3510sh, 3475, 3200, 3105, 1830w, 1645w, 1542s, 1505s,
1455s, 1377s, 1105sh, 1090, 1037, 953, 858, 843, 745, 731, 670, 556, 537, 455.
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C54 Indigirite MgAl(CO53),(OH)-8H,0
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Locality: Sarylakh Au—Sb deposit, upper Indigirka River, NW Yakutia, Russia (type locality).
Description: Specimen No. 76565 from the Fersman Mineralogical Museum of the Russian Acad-

emy of Sciences, Moscow, Russia.
Wavenumbers (cmfl): 3508s, 3390, 3260s, 3135, 3025sh, 2900sh, 1650sh, 1549s, 1513sh, 1438s,

1093s, 1040sh, 880sh, 866, 800w, 735, 717, 692w, 647, 579w, 473.

C55 Georgeite Cu,(CO3)(OH),
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Locality: Cooper Creek, Pinal Co., Arizona, USA.
Description: Light green powdery aggregate. Amorphous. The empirical formula is (electron

microprobe) Cu1_96Ca0_022n0_02(CO3)(OH)2.
Wavenumbers (cm_l): 3350s, 1630sh, 1475s, 1408s, 1054, 950w, 825w, 480.
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C56 Chukanovite Fe>*,(CO5)(OH),
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Locality: Dronino ataxite iron meteorite, Dronino village, Kasimov District, Ryazan’ Oblast, Russia

(type locality).
Description: Brown crusts on weathered meteorite. Associated minerals are goethite, akaganéite,

hematite, hibbingite, reevesite and honessite. Cotype sample.
Wavenumbers (cmfl): (3740w), 3475, 3325, 1755sh, 1521s, 1400sh, 1364s, 1069, 955, 861, 837s,

781s, 695s, 655s, 504, 452w.

C57 Chukanovite Fe**,(CO5)(OH),
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Locality: Dronino ataxite iron meteorite, Dronino village, Kasimov District, Ryazan’ Oblast, Russia
(type locality).

Description: Brown spherulites on weathered meteorite. Associated minerals are goethite, akaganéite,
hematite, hibbingite, reevesite and honessite. Holotype sample. Monoclinic, a = 9.639,b = 12.226,
¢ =6492 A, B = 96.06°. The empirical formula is (electron microprobe, H,O by modified
Penfield method, CO, by selective sorption of annealing products) (Fez+1,97Ni0,02Mg0_0 D
(C0O3)0.93(OH); 14:0.18H,0. Optically biaxial (—), @ = 1.673(3), p = 1.770(5), y = 1.780(5).
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Daec = 3.60 g/cm3. The strongest lines of the powder X-ray pattern [d, A, (I, %)) are 6.14 (40),

5.15 (60), 3.73 (80), 2.645 (100), 2.361 (40), 2.171 (40).
Wavenumbers (cmfl): 3478, 3320, 1529s, 1357s, 1145sh, 1114w, 1055w, 951, 837s, 780s, 695s,

655s, 500, 460.

C58 Defernite Cag(CO3),(OH);(Cl,0H)
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Locality: Kombat mine, Namibia.
Description: Brown slabs with perfect cleavage. Identified by IR spectrum. The empirical formula is

(electron microprobe) (Cas g;Mnyg ;3)(CO3),(OH)7[Cl 62(OH)g 35].
Wavenumbers (cm_l): 3567s, 3480, 3400sh, 1542s, 1459s, 1414s, 1235w, 1187w, 1077w, 1037,

991, 933w, 872s, 858, 700sh, 655, 535, 506.

C59 Dawsonite NaAl(CO3)(OH),
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Locality: Tulilukht gulf, the eastern part of the Khibiny alkaline complex, Kola peninsula, Murnansk
region, Russia.
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Description: White fibrous aggregate forming veinlet in carbonatite. Identified by IR spectrum.
Wavenumbers (cm_l): 3285s, 1820w, 1715w, 1562s, 1545sh, 1396s, 1098, 1019, 956s, 940sh,

865w, 848, 731w, 694, 549s, 514, 491, 455sh.

C61 Zaratite Ni3(CO;)(OH)4-4H,0
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Locality: Lord Brassey mine, Heazlewood, Tasmania.
Description: Emerald-green, from the association with hellyerite and serpentine. Identified by IR

spectrum and qualitative electron microprobe analysis.
Wavenumbers (cm_l): 3610sh, 3380s, 1600, 1575sh, 1450sh, 1383s, 1070, 832, 696s, 515w, 435sh, 392s.

C62 Bastnasite-(Y) (Y,REE)(CO;3)(F,OH)
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Locality: Verkhnee Espe deposit, Akzhailyautas Mts., Tarbagatai range, Eastern Kazakhstan region,

Kazakhstan.
Description: Yellow pseudomorphs after gagarinite-(Y) in quartz. Investigated by I.V. Pekov.
Identified by semiquantitative electron microprobe analysis. Confirmed by IR spectrum.
Wavenumbers (cm™"): 3640w, 3575, 3375, 1535sh, 1485s, 1440sh, 1096, 1032, 875s, 832s, 760,

703, 520sh.
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C63 Kolwezite (Cu**,Co),(CO;)(OH),
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Locality: Kolwézi, southern Shaba, Zaire (type locality).

Description: Brownish-red spherulites. Identified by IR spectrum and electron microprobe analysis.
The empirical formula is (electron microprobe) (Cu; 3,C0q 61 Nig 05F€0.02)(CO3)(OH),.

Wavenumbers (cm '): 3465s, 3240s, 1544s, 1537s, 1417, 1371s, 1103, 1050s, 853s, 827s, 740, 709,

672, 550w, 530w, 430.

C64 Trona Na3H(CO3)2-2H20
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Locality: Natrum depression, Western Desert, Sahara, Egypt.
Description: Cream-coloured crystals from the association with halite. Identified by IR spectrum.
Wavenumbers (cm'): 3470s, 3055, 1691s, 1465s, 1194s, 1105, 1064, 1028, 1005, 850s, 795sh,

681sh, 649, 600s, 470sh.
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C65 Kutnohorite CaMn’*(CO;),
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Locality: Sterling Hill mine, New Jersey, USA.

Description: Pink single-crystal fragment. The empirical formula is (electron microprobe)
(Cag.osMng gsMgo.12Fe0.07)(CO3),.

Wavenumbers (cmfl): 1802w, 1485sh, 1417s, 871s, 720.

C66 Calcioburbankite Nasz(Ca,REE,Sr)3(CO3)s5
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Locality: Vuoriyarvi alkaline—ultrabasic massif, Northern Karelia, Russia.

Description: Brownish-yellow, coarse-grained aggregate from the association with barytocalcite,
norsethite, vaterite, strontianite, ancylite-(Ce) and franconite. Identified by powder X-ray dif-
fraction pattern and electron microprobe analysis. The empirical formula is (NajgsCag 14)

(Cay 14810 54Bag 40REE( 85)(CO3)s.
Wavenumbers (cmfl): 1773w, 1514s, 1455s, 1420sh, 1390sh, 1067, 874sh, 863s, 859s, 706, 700sh.
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C67 Carbocernaite (Ca,Na)(Sr,REE)(CO3),
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Locality: Neskevaara hill, Vuoriyarvi alkaline—ultrabasic massif, Northern Karelia, Russia (type
locality).

Description: Brownish crystal -yellow, coarse-grained aggregate from the association with dolomite,
alstonite and dolomite. Identified by powder X-ray diffraction pattern and electron microprobe
analysis. The empirical formula is (Cao.59Na0.42)(Sr0452BaO.04C60.20LaO_16Nd0.04Pr0402)(CO3)2.

Wavenumbers (cm™"): 1770w, 1530sh, 1480s, 1405s, 1160sh, 1088, 1069, 884, 873s, 859, 739w,

717, 695, 670sh.

C68 Calcioancylite-(Ce) (Ca,Sr),4_,(Ce,La), (CO3)4(OH),-(4—x)H,O
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Locality: Poudrette (Demix) quarry, Mont Saint-Hilaire, Rouville RCM (Rouville Co.), Montérégie,
Québec, Canada.

Description: Brown crystal. The empirical formula is (electron microprobe) (CagoSry.4)
(Cey.sLag gNdo 3Pro,1)(CO3)4(OH), 7-1.3H,0.

Wavenumbers (cm ™ '): 3560sh, 3490, 2900w, 2540sh, 1800w, 1772w, 1560sh, 1505sh, 1483s,
1454s, 1410sh, 1370sh, 1071, 858, 774w, 726, 715, 702, 696, 459w, 385.
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C69 Cordylite-(Ce) (Na,Ca)Ba(Ce,La,Sr),(CO53)4(F,OH)
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Locality: Ust’-Biraya, Biraya Fe-REE ore occurrence, Biraya and Biya Rivers confluence area
(Chara Basin), Vitim Plateau, Irkutsk region, Eastern Siberia, Russia.

Description: Brown crystal from the association with strontianite, ancylite-(Ce), ferriallanite-(Ce),
chevkinite-(Ce), pyrochlore, monazite-(Ce), etc. Contains Ce- and La-dominant zones. The
empirical formula based on the mean electron microprobe analysis is Na;,CaggBas 1Srgo.
Cey 4La; 4Ndg2(CO3)4(F,OH).

Wavenumbers (cm '): 3550sh, 3455w, 1776w, 1476s, 1398s, 1092, 1080, 879s, 859s, 733sh, 718sh,
710, 689, 682.

C70 Cordylite-(Ce) (Na,Ca)Ba(Ce,La,Sr),(CO3)4(F,OH)
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Locality: Bayun Obo Nb-Ta-REE ore deposit, Inner Mongolia, China.

Description: Brown crystals.
Wavenumbers (cm'): 1810sh, 1768w, 1469s, 1427s, 1392s, 1090, 880s, 864s, 730sh, 717, 714,

705, 686, 681, 669w, 470w.
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C71 Pirssonite Na,Ca(COs3),:2H,0
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Locality: Kirovskiy mine, Kukisvumchorr Mt., Khibiny alkaline complex, Kola peninsula, Murnansk
region, Russia.

Description: Colourless crystal from a peralkaline pegmatite. Identified by IR spectrum.

Wavenumbers (cm'): 3360sh, 3300sh, 3195, 3070, 1700sh, 1487s, 1425sh, 1412s, 1069, 901w,
869, 836, 710, 704, 657, 460w.

C72 Calcite Ca(CO3)
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Locality: Novofrolovskoye B-Cu deposit, North Urals, Russia.
Description: Colourless grains forming veinlet in rock. Identified by IR spectrum. The empirical

formula is (electron microprobe) (Cag.99sMng o5)(CO3).
Wavenumbers (cm™'): 2920w, 2865w, 2513w, 1795, 1470sh, 1427s, 876s, 847w, 712.
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C73 Kamphaugite-(Y) Ca(Y,REE)(CO3),(OH)-H,O
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Locality: Borehole number 1978, Ploskaya Mt., Western Keivy massif, Kola peninsula, Murnansk
region, Russia.

Description: White radial aggregates forming veinlet in quartz. Identified by IR spectrum. The
empirical formula is (electron microprobe) Ca; o(Y.9L710.2)(CO3),(OH)-H,0.

Wavenumbers (cm!): 3500s, 3360sh, 1640w, 1493s, 1411s, 1092w, 1070w, 871s, 860sh, 758sh,

744, 682w, 608, 531, 475sh, 461, 422.

C74 Calcioancylite-(Ce) (Ca,Sr),4_,(Ce,La), (CO3)4(OH),-(4—x)H,0O
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Locality: Afrikanda massif of alkaline and ultrabasic rocks, Kola peninsula, Murnansk region,

Russia.
Description: Brownish crystals. Identified by IR spectrum and semiquantitative electron microprobe

analysis. Contains Ca- and Sr-dominant zones.
Wavenumbers (cm'): 3545, 3490, 2920w, 1815sh, 1775w, 1486s, 1447s, 1412s, 1069, 859s, 767,

724,712, 696.
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C75 Karchevskyite [MglgAlg(oH)54] [Srz(CO3,PO4)9(H20,H30)1 1]
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Locality: Iron mine, Kovdor, Kovdor alkaline ultramafic complex, Kola peninsula, Murnansk region,
Russia.

Description: Holotype sample. White spherulites up to 1 mm in diameter composed of thin, bent
platelets. Associated minerals are magnetite, dolomite, quintinite-37, strontian carbonate-
fluorapatite and clinochlore. Trigonal, unit-cell parameters are a = 16.055(6), ¢ = 25.66(1) A.
Uniaxial (—), w = 1.542(2), ¢ = 1.534(2). Dyeas = 2.21(2) g/cm3. The empirical formula is

Mg 5.00Alo 00(OH)s4.00(ST 1.79Mg0.48Cao.09222.36(CO3)8.26(PO4)0.46(H20)6.54(H30)4.18- The strongest
lines of the powder X-ray pattern [d, A (I, %)] are 8.52 (100), 6.41 (40), 4.27 (60), 3.665 (90),
3.547 (90), 3.081 (60).

Wavenumbers (cm_l): 3470s, 3420sh, 3035, 2960sh, 1650w, 1426s, 1366s, 1024, 937, 860, 779s,
678s, 615sh, 553, 449s, 386s.

C76 Quintinite-37 Mg4Al,(CO3)(OH),,-3H,0
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Locality: Iron mine, Kovdor, Kovdor alkaline ultramafic complex, Kola peninsula, Murnansk region,
Russia.

Description:  Colourless crystals. The empirical formula is (electron microprobe)
(Mg3 9Feg2Al; o(CO3)(OH)2-3H,0).

Wavenumbers (cmfl): 3575sh, 3475s, 3085, 1650sh, 1367s, 995sh, 973, 860sh, 771s, 680s, 620sh,
556, 449s, 410s, 395sh.

C77 Quintinite-ZH Mg4A12(CO3)(OH)123H2O
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Locality: Iron mine, Kovdor, Kovdor alkaline ultramafic complex, Kola peninsula, Murnansk region,
Russia.

Description: Colourless crystals. The empirical formula is (electron microprobe)
(Mgs 6Feq sAl o(CO3)(OH)12-3H,0).

Wavenumbers (cm '): 3450s, 3075, 1580sh, 1400sh, 1354s, 958, 860sh, 783s, 678, 553, 449s, 388s.

C78 Quintinite-2H Mg,Al,(CO;)(OH);,-3H,0
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Locality: Mica mine, Kovdor, Kovdor alkaline ultramafic complex, Kola peninsula, Murnansk
region, Russia.

Description: Curved brownish platy crystals. The empirical formula is (electron microprobe)
(Mg3 gFeg Al o(CO3)(OH)2-3H,0).

Wavenumbers (cmfl): 3570sh, 3470s, 3070, 1610sh, 1366s, 943, 860sh, 778s, 680s, 551, 447s, 388s.

C79 Shortite NaZCaz(CO3)3
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Locality: Dumps of the Umbozero mine, Lovozero alkaline complex, Kola peninsula, Murnansk
region, Russia.

Description: Pale green platy crystals from the association with calcite. Identified by IR spectrum.

Wavenumbers (cm_l): 1803w, 1520sh, 1480s, 1468s, 1408s, 1088, 1069, 1050sh, 1010w, 975w,

872s, 866s, 851, 731, 719, 711, 694, 450w.

C80 Chlorartinite Mg,(CO3;)CI(OH)-3H,0
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Locality: Korshunovskoye deposit, Irkutsk region, Siberia, Russia.
Description: White fibrous aggregate in dolomite. Identified by IR spectrum. The empirical formula

is (electron microprobe) Mg, ggFe( 02(CO3)Cly o1 (OH)g.99-nH,0.



136 2 IR Spectra of Minerals and Reference Samples Data

Wavenumbers (cm_l): 3425, 3380sh, 1675sh, 1639sh, 1534s, 1482, 1442s, 880w, 844, 770sh,
725sh, 709, 660, 586, 494, 440, 415, 380.

C81 Ancylite-(Ce) Sr(Ce.La)(CO;),(OH)-H,O
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Locality: Narssarssuq pegmatite, Igaliko alkaline complex, South Greenland (type locality).

Description: Brownish grains. Low-symmetry variety, space group Pmc2;. The empirical formula is
(electron microprobe) (Sto.60Cao.19B20.03)(Ceq.57L.20.45Ndo.10Pr0.045m0,03)(CO3)2(OH)o 86Fo.31-7H0.

Wavenumbers (cm'): 3540sh, 3498, 3275w, 3190sh, 3000sh, 2580sh, 1758w, 1485s, 1441s,
1425sh, 1069, 860s, 765w, 722, 712, 700, 195sh, 450w.

C82 Ancylite-(La) Sr(Ce.La)(CO3),(OH)-H,O
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Locality: Seblyavr massif, Kola peninsula, Murnansk region, Russia.

Description: Pink prismatic crystals. High-symmetry variety, space group Pmcn. The empirical formula
is (electron microprobe) (Sro71Cao.01Bao 02)(Lag 36Ndo 35Ce0 34Pr0,00Sm0,00)(CO3)2(OH,H0),.

Wavenumbers (cm ™ '): 3547, 3300w, 3155w, 2900sh, 1770w, 1525sh, 1484s, 1424s, 1067, 860s,

738w, 720, 712, 699, 670w.
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C83 Callaghanite Cu,Mg, (CO5)(OH)s-2H,0
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Locality: Gabbs, Gabbs district, Nye Co., Nevada, USA (type locality).

Description: Blue crust. Identified by IR spectrum.
Wavenumbers (cm'): 3665w, 3555s, 3500s, 3330, 3045, 2890, 2855, 2555w, 2485w, 2370w,

1785w, 1620w, 1462s, 1423s, 1061w, 975sh, 937, 832w, 813w, 765s, 685s, 517s, 488s, 460,
405s, 380sh.

C84 Lanthanite-(La) (La,Nd),(CO3);-8H,O
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Locality: Curitiba, Parana, Brazil (type locality).
Description: Pink platy crystals. The empirical formula is (electron microprobe)

(Lag g6Ndg g2Prg 24Smg 0g)(CO3)3-8H,0.
Wavenumbers (cm_l): 3590sh, 3485, 3315s, 3200sh, 3100sh, 1755sh, 1640sh, 1483s, 1377s, 1341s,

1078, 1035, 886, 849, 749, 678, 657, 518w, 467.
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C85 Manasseite MgsAl,(CO3)(OH),4-4H,0
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Locality: Zelentsovskaya pit, near Zlatoust, Chelyabinsk region, South Urals, Russia.
Description: Pink scaly aggregate. The empirical formula is (electron microprobe)

Mgs goFeg.12Al1.99(CO3)(OH)6-4H,0.
Wavenumbers (cm'): 3570s, 3020, 1655, 1620sh, 1368s, 905sh, 861, 710sh, 665s, 553, 409s.

C86 Malachite Cu,(CO;)(OH),
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Locality: Nizhniy Tagil, Middle Urals, Russia.

Description: Green split crystals from the association with chrysocolla. Identified by IR spectrum.

Wavenumbers (cm_l): 3440sh, 3393, 3298, 1510sh, 1493s, 1420sh, 1391s, 1098, 1049s, 874, 821s,
783, 748, 712, 578, 521, 501, 423w.
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C87 MineeVite-(Y) Na25Ba(Y,Gd,Dy)2(CO3)1 1(HCO3)4(SO4)2F2C1
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Locality: Umbozero mine, Alluaiv Mt., Lovozero alkaline complex, Kola peninsula, Murnansk
region, Russia (type locality).

Description: Greenish grains in peralkaline pegmatite. Investigated by A.P. Khomyakov.

Wavenumbers (cm ™ '): 3420, .. ., 2615w, 1592, 1547sh, 1534s, 1505s, 1431, 1392s, 1376s, 1360sh,
1149s, 1123, 1071, 1055, 914, 893, 877w, 866, 817w, 767, 726, 706w, 695sh, 690, 648, 633, 476w.
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Locality: Schwarzwalder mine, Golden, Jefferson Co., Colorado, USA.
Description: Yellow crust. Identified by IR spectrum.
Wavenumbers (cmfl): 3545, 3220sh, 1650sh, 1628, 1549s, 1512s, 1043, 1379s, 1069, 894, 846w,

824w, 743, 650sh, 605, 520, 505, 470.
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C89 Lanthanite-(Nd) (Nd,La),(COs3)3-8H,0
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Locality: Niikoba, Hizen-cho, Karatsu, Saga prefecture, Kyushu, Japan.

Description: Pink platy crystals. The empirical formula is
(Ndo.92Lag.63Pro.235mg.15Gd0.07)(CO3)3-8H,0.

Wavenumbers (cm '): 3570sh, 3320s, 3120sh, 1640sh, 1484s, 1374s, 1340sh, 1079w, 1015w,
885w, 849, 748, 679, 650sh, 478w.

(electron microprobe)

C90 Natrite Na,(CO3)
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Locality: Koashva Mt., Khibiny alkaline complex, Kola peninsula, Murnansk region, Russia.

Description: Light grey coarse-grained aggregate, from the association with villiaumite and
lomonosovite. y-modification. Identified by IR spectrum and powder X-ray diffraction pattern.
The crystal structure is investigated. Unit-cell parameters are a = 8.905(4), b = 5.237(3),
¢ = 6.045(2)A; p = 101.32(3)°.

Wavenumbers (cm’l): 1777w, 1437s, 880s, 702, 694.
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C91 Natrite Na,(CO3)
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Locality: Karnasurt Mt., Lovozero alkaline complex, Kola peninsula, Murnansk region, Russia.

Description: Light grey grained aggregate, from the association with villiaumite and lomonosovite.
Orthorhombic modification. Identified by IR spectrum.

Wavenumbers (cm ): 1780w, 1540sh, 1442s, 880s, 850, 702, 695.

C92 Northupite Na;Mg(CO;),Cl
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Locality: Searles Lake, San Bernardino Co., California, USA.

Description: Light grey crystal. Identified by IR spectrum.

Wavenumbers (cm'): 3515w, 3000sh, 2895w, 2660w, 2633w, 2580w, 2555, 2535, 1815, 1494s,
1463s, 1449s, 990w, 880s, 857, 715, 450sh, 392s.
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C93 Norsethite BaMg(COs3),
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Locality: Kremikovtsi iron mine, near Sofia, Bulgaria.
Description: Beige platy crystals from the association with siderite and barite. The empirical formula

is (electron microprobe) Bag 95Srg 02Cag 0sMgo 76F€0.22(CO3)s.
Wavenumbers (cm'): 2873w, 1810w, 1456s, 1115, 880s, 701, 450sh, 355.

C94 Magnesite Mg(CO;)
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Locality: Widgiemooltha, Western Australia.

Description: Pale green spherulites from the association with carrboydite. The empirical formula is
(electron microprobe) Mg gsNig.11Feq.03(CO3)s.

Wavenumbers (cmfl): 1810w, 1448s, 885s, 855w, 748, 420sh.
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C95 Hydrozincite Zns(COs5),(OH)q
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Locality: Zlaty Kopec, near Jachymov, Krusné Hory Mts. (Ore Mts.), Czech Republic.
Description: White crust in the association with ludwigite and schoenflisite. Identified by IR

spectrum.
Wavenumbers (cm'): 3490sh, 3370, 1645, 1509s, 1388s, 1100, 1045, 955, 870w, 832, 739, 704,

617, 515sh, 469.

C96 Manganotychite NagMn®*>(CO3)4(SOy)
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Locality: Alluaiv Mt., Lovozero alkaline complex, Kola peninsula, Murnansk region, Russia.

Description: Pink grains in peralkaline pegmatite. Holotype sample. Associated minerals are
shortite, pirssonite, sidorenkite and kogarkoite. The empirical formula is NasgoMn>* 5,
Fe(.4sMg0.28(CO3)4.02(SO4)1.04. Cubic, space group Fd3, a = 13.9951(8) /0%, Z = 8. Isotropic,
n = 1.544(2). Dpeas = 2.70(5) g/em?.

Wavenumbers (cm '): 3567s, 3480, 3400sh, 1542s, 1459s, 1414s, 1235w, 1187w, 1077w, 1037,
991, 933w, 872s, 858, 700sh, 655, 535, 506.
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C97 Mcguinnessite (Mg,Cu>"),(CO5)(OH),
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Locality: Lobminggraben, Leoben, Styria, Austria.
Description: Light blue veinlets in serpentine. The empirical formula is (electron microprobe)

Mg 67Cug.90Zng 03(CO3)(OH),.
Wavenumbers (cmfl): 3350, 3450, 3310, 2915w, 1560s, 1440sh, 1397s, 1101w, 1050, 942, 850s,

805, 730, 710, 645, 559, 446, 406.

C98 Nyerereite Na,Ca(CO3),
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Locality: Oldoinyo Lengai volcano, Tanzania (type locality).
Description: Colourless metacrysts in carbonatite lava, in the association with gregoryite and late

thaumasite. Identified by qualitative electron microprobe analysis.
Wavenumbers (cm_l): 1790w, 1467s, 1420sh, 1100w, 1070, 871s, 851w, 710, 651w, 604w,

500sh, 458.
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C99 Natron Na,(CO3)-10H,O
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Locality: Luxemburg.
Description: White efflorescence on the wall of an old casemate. Identified by IR spectrum.

Wavenumbers (cm'): 3360sh, 3250, 2965s, 2480, 1650sh, 1465sh, 1450s, 1410s, 1375sh, 1145sh,
1113w, 904, 869s, 700sh, 688, 638w, 620w, 567w, 460w.

C100 Nesquehonite Mg(HCO3)(OH)-2H,0O
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Locality: Baley Au deposit, Priiskovaya railway station, near Baley town, Zabaykalsky Kray,
Siberia, Russia.
Description: White columnar aggregate, in the association with formicaite. Identified by IR

spectrum.
Wavenumbers (cm'): 3570s, 3460, 3300s. 3150, 2625w, 2515w, 2360w, 2270sh, 2160w, 1670,

1645, 1521s, 1472s, 1420s, 1099w, 854, 730sh, 701, 610, 425sh, 393.
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C102 Synchysite-(Ce) Ca(Ce,La)(CO3),F
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Locality: Kimzey Calcite Pit, Magnet Cove, Arkansas, USA.
Description: Light yellow grains in rock. Identified by IR spectrum and qualitative electron micro-

probe analysis.
Wavenumbers (cm '): 3525w, 3335w, 2855w, 1455s, 1075, 1040w, 870s, 846sh, 784w, 744w,

669w, 600w, 490sh, 450, 432.

C103 Kukharenkoite-(Ce) Ba,Ce(CO3)sF
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Locality: Tuliylukht bay, Khibiny alkaline complex, Kola peninsula, Murnansk region, Russia.

Description: Yellow prismatic crystals from manganoan ankerite carbonatite. Holotype sample. The
empirical formula is (Ba; g¢Srg.00Cag.04)(Ceg s6Lag 24Ndg 15P10.04Y0.01)(CO3)3.00F1.01- The crystal
structure solved. Monoclinic, space group P2,/m; a = 13.374(3),b = 5.1011(8), c = 6.653(1) A,
f = 106.56(1)°. Dppeas = 4.71 g/em?.

Wavenumbers (cm_l): 1785w, 1765w, 1468s, 1422s, 1373s, 1080. 1068, 886s, 873s, 729w, 713,
703, 686, 678, 648w, 600sh, 575w, 445w.
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C104 Synchysite-(Ce) Ca(Ce,La)(CO3),F
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Locality: Narssarssuq pegmatite, Igaliko alkaline complex, South Greenland (type locality).

Description: Light beige semitransparent coarse crystals from the association with xenotime-(Y),
aegirine and microcline. Identified by IR spectrum and qualitative electron microprobe analysis.
Contains H,O (as a result of partial alteration?).

Wavenumbers (cm"): 3400, 1815w, 1460s, 1425sh, 1080, 1070, 871s, 739, 675w, 605w, 455.

C105 Nahcolite NaH(COs)
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Locality: Oldoinyo Lengai volcano, Tanzania (type locality).

Description: Colourless grains in carbonatite lava, in the association with gregoryite and nyerereite.
Identified by IR spectrum.

Wavenumbers (cm'): 3060w, 2910, 2620sh, 2540, 2450sh, 2280sh, 2050w, 1935, 1855w, 1710,
1680s, 1625s, 1454, 1402s, 1306s, 1048, 1035, 1002, 836s, 694s, 655.



C106 Parisite-(Ce) Ca(Ce, La),(CO3);5F,
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Locality: Emerald deposit at Muso, 100 km north of Bogota, Colombia (type locality).
Description: Brown crystal. Identified by IR spectrum and semiquantitative electron microprobe analysis.
Wavenumbers (cmfl): 3400, 1820w, 1745w, 1455s, 1418s, 1088, 1079, 871s, 867sh, 745sh, 736, 445w.

C107 Barytocalcite BaCa(CO3),
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Locality: Kirovskiy mine, Kukisvumchorr Mt., Khibiny alkaline complex, Kola peninsula, Murnansk
region, Russia.

Description: Pale yellow platy crystals from the association with podlesnoite. Identified by IR
spectrum.

Wavenumbers (cm_l): 1795w, 1774w, 1521s, 1474s, 1407s, 1369s, 1085, 1079, 879s, 868s, 837w,
723, 696, 678w.

C108 Olekminskite Sr(Sr,Ca,Ba)(COs),
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Locality: Kedrovyi massif, Murunskiy alkaline complex, Aldan shield, Siberia, Russia.
Description: White semitransparent crystals from the association with paralstonite, calcite and barite.
Holotype sample. The empirical formula is Sr; 4;Cag 35Bag2,Ceg 01(CO3)z.00. Trigonal, a = 8.66(2),
¢ = 6.08(2) A. Uniaxial (—), @ = 1.670(2), & = 1.527(2). Dyeas = 3.70(2) glem’,
Wavenumbers (cm_l): 1765w, 1455s, 1067w, 860, 855, 701, 695sh.

C109 Para-alumohydrocalcite CaAl,(CO;),(OH)4-6H,O
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Locality: Vodino, Samara (former Kuybtshev) region, Russia (type locality).

Description: White microconcretions from the association with gypsum, calcite and halloysite.
The empirical formula is (electron microprobe) Cag9oMgg osFeq.12Al;.91(CO3)2(OH)4-nH,0.

Wavenumbers (cmfl): 3330s, 1620sh, 1531s, 1486s, 1422s, 1116w, 1101, 1020sh, 970sh, 926,
856s, 850sh, 732, 723, 702w, 623s, 521s, 485sh.

C110 Scarbroite Als(CO53)(OH),3-5H,0
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Locality: South Bay, Scarbrough, Yorkshire, England, UK (type locality).
Description: White massive, from the association with allophane. The empirical formula is (electron

microprobe) Nag g9Als.88Mgo.08F€0.04(CO3)1.94(SO4)0.06(OH)4-nH,0.
Wavenumbers (cm_l): 3600sh, 3400s, 1615, 1475, 1420, 1084s, 1020s, 980sh, 925sh, 752, 645sh,

614, 570sh, 549s, 504, 460.

C112 Takovite NigAl,(CO3)(OH)¢4H,0
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Locality: Capo Sounion, Sounion, Attica, Greece.
Description: Light blue friable. Identified by IR spectrum and qualitative electron microprobe analysis.
Wavenumbers (cm_l): 3395s, 3352s, 3040sh, 2960sh, 1570, 1397, 1353s, 1090sh, 1030, 1003, 902,

826s, 684, 620, 565s, 434s.
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C113 Pyroaurite MggFe**,(CO;)(OH);6-4H,0
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Locality: Solov’yova Gora, Middle Urals, Russia.
Description: Yellow-brown scaly aggregate. Identified by IR spectrum and qualitative electron

microprobe analysis.
Wavenumbers (cm"): 3690, 3550sh, 3430s, 3000sh, 2440sh, 1615, 1362s, 1084sh, 944, 723s, 580s,

4425, 395s.

C114 Reevesite NigFe’"5(CO3)(OH),-4H,0
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Locality: Lord Brassey mine, Heazlewood, Tasmania, Australia.

Description: Greenish-yellow friable aggregate. SO4-rich variety. The empirical formula is (electron
microprobe) Nig o(Fe 7Nig 3)(CO3)0.6(SO4)0.4(OH)16-nH,0.

Wavenumbers (cm™'): 3500sh, 3390s, 1615, 1357s, 1107, 1080sh, 1040w, 930sh, 750sh, 650s,

619s, 493, 457, 370s.
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C115 Siderite Fe>*(CO3)

0.9 . : , . , . — f— , . , .
0.7 -
o
Q o 4
=]
<
E o5tk -
g
W
o - 4
a5
=
03 -
0.1 F -
1 " | \ 1 1 1 /// " | X | \
500 1000 1500 2000 3000 3500 4000

Wavenumber (cm'l)

Locality: Chernomorskiy quarry, Kerch iron-ore basin, Kerch peninsula, Crimea, Ukraine.
Description: Brown spherulites. The empirical formula is (electron microprobe) (Feqg3Mng o

Cap 04Mgo.04)(CO3).
Wavenumbers (cmfl): 1810w, 1415s, 865s, 736.

C117 Sergeevite Ca,Mg,;(CO3)5_.(HCO;),(OH),-(10-x)H,0
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Locality: Tyrnyauz W-Mo deposit, Kabardino-Balkaria, Russia (type locality).

Description: White fine-grained aggregate. Specimen No. 82947 from the Mineralogical museum of
the Russian Academy of Sciences, Moscow. Very close to the IR spectrum of holotype sergeevite.
Questionable mineral species (probably a mixture of huntite with a hydrous Mg sulfate).

Wavenumbers (cm_l): 3645sh, 3350, 3260sh, 1650sh, 1546s, 1511s, 1480sh, 1460s, 1442s, 1111,
1090sh, 891, 887, 869, 744w, 617w, 443, 401.
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C118 Sabinaite Na,Zr,TiO4(CO3),
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Locality: Poudrette quarry, Mont St. Hilaire, Rouville Co., Québec, Canada.
Description: White crystals from the association with calcite and weloganite. Identified by IR

spectrum and qualitative electron microprobe analysis.
Wavenumbers (cm'): 1770w, 1675sh, 1632s, 1567s, 1330s, 1319s, 1084, 1064, 857, 832s, 811w,
770, 747, 690, 646, 525sh, 438s, 394s.

C119 Strontianite Sr(CO3)
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Locality: Yukspor Mt., Khibiny alkaline complex, Kola peninsula, Murnansk region, Russia.
Description: Radial aggregate from the association with edingtonite. Identified by IR spectrum and

qualitative electron microprobe analysis.
Wavenumbers (cm ™ ): 1775, 1458s, 1071, 858s, 843w, 707, 700, 383w.
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C120 Remondite-(Ce) Nas(Ce,La,Ca,Na,Sr);(CO3)s
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Locality: Ebounja, near Kribi, Cameroon (type locality).
Description: Orange-red crystal. The empirical formula is (electron microprobe) Nas o(Ce; 1Lag 3

Ndy.1Pro.1Nag sCag 5510 3)(CO3)s.
Wavenumbers (cmfl): 1780w, 1545sh, 1525s, 1479s, 1406s, 1070sh, 1065, 876, 864, 857s,

715, 704.

C121 Remondite-(La) Nas(La,Ce,Ca,Na,Sr);(CO3)5
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Locality: Koashva Mt., Khibiny alkaline complex, Kola peninsula, Murnansk region, Russia (type
locality).

Description: Aggregate of orange crystals from the association with cancrisilite, villiaumite, natrolite
and lomonosovite. The empirical formula is Na, o(Lag §Ceq 7Cag ¢Nag 5Srg ,Ndg 1Ko 1)(CO3)s.

Wavenumbers (cm'): 1511s, 1401s, 1061, 870sh, 855s, 713, 702, 590w.



2.2 Carbides and Carbonates 155

C122 Rhodochrosite Mn(CO5)
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Locality: N’Chwaning II Mine, Kuruman, Kalahari, South Africa.
Description: Pink transparent crystals. The empirical formula is Mng goFe( ¢1(CO3).
Wavenumbers (cmfl): 1804, 1416s, 865s, 837w, 726.

C124 Stichtite MgGCrz(CO3)(OH)164H20
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Locality: Serpentine Hill, North Dundas, Zeehan district, Tasmania, Australia

Description: Lilac scaly aggregate in serpentine. The empirical formula is (electron microprobe)
(Mgs oFeq.1)(Cry 3Feq.4Al 3)(CO3)(OH),6-4H,0.

Wavenumbers (cm_l): 3625s, 3550s, 3150sh, 1650, 1620sh, 1377, 952, 850sh, 730sh, 661s, 621s,
523, 430sh, 395s.
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C125 Podlesnoite Ca,Ba(CO;),F,
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Locality: Kirovskiy underground apatite mine, Kukisvumchorr Mt., Khibiny alkaline complex, Kola
peninsula, Murnansk region, Russia (type locality).

Description: Colourless prismatic crystals in the association with natrolite, biotite, ilmenite, aegirine,
lorenzenite, barytocalcite, calcite, fluorite, astrophyllite, burbankite, efc. Holotype sample. The
empirical formula is Bal_Oz(Cal_98Feo_01Na0,01Sr0.005)22.005C1.99061:2,00. Optlcally biaxial (—),
a = 1.5002), p = 1.612(2), y = 1.614(2), 2V 1cas = 10(5)°. Dppeas = 3.62(1), Doy = 3.63 g/cm3.
The strongest reflections of the powder X-ray diffraction pattern [d, A (1, %)] are 5.303 (21),
3.527 (100), 3.397 (71), 2.609 (20), 2.313 (43), 2.302 (22), 2.211 (20), 1.948 (39), 1.940 (40).

Wavenumbers (cmfl): 2900w, 2830w, 2510w, 2455w, 1782sh, 1776, 1500sh, 1464s, 1395sh,
1067.5, 901.5w, 855s, 842, 710, 705.
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C127 Aurichalcite (Zn,Cu®")s(CO;)>(OH),
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Locality: Kipushi mine, Congo.

Description: Blue acicular crystals. The empirical formula is (electron microprobe) (Znz 4Cu; ¢)
(CO5)2(OH).

Wavenumbers (cm ™ Y): 3360, 3285, 2915w, 2848w, 1567s, 1550sh, 1505s, 1413s, 1366s, 1183,
1060, 1040sh, 974, 930, 857, 840s, 733, 698w, 505, 464, 445, 415.

C128 Hydrozincite Zns(CO3),(OH)g
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Locality: Stephanie mine, Bleiberg, Austria.
Description: White crust. Identified by IR spectrum and qualitative electron microprobe analysis.
Wavenumbers (cm_l): 3250, 1505s, 1410s, 1390sh, 1045, 947, 872s, 838s, 741, 709, 650w, 507w,

468, 410w.
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C129 Tunisite NaCa,Al4(CO3)4(OH)gCl
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Locality: Condorcet, Nyons, Drome, Rhone-Alpes, France.
Description: Colourless crystals. Identified by IR spectrum and qualitative electron microprobe

analysis.
Wavenumbers (cm'): 3485s, 3390s, 1815w, 1560s, 1512s, 1475s, 1155s, 1132, 981, 844s, 794w,

741, 671s, 570sh, 532s, 466, 405sh, 370.

C130 Tunisite NaCa,Al,(COs3),(OH)sCl
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Locality: Condorcet, Nyons, Drome, Rhone-Alpes, France.
Description: Colourless crystals. Identified by IR spectrum.
Wavenumbers (cm_l): 3490s, 3400s, 1557s, 1513s, 1475s, 1155s, 1131, 980, 844s, 790w, 740,

580sh, 531s, 466, 411w.
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C131 Alumohydrocalcite CaAl,(CO5),(OH)4-3H,0
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Locality: Schneeberg, Saxony, Germany.

Description: Pink fibrous, in the association with quartz and arsenate minerals. Identified by IR
spectrum. The empirical formula is (electron microprobe) CaggsMng g7Feo.10Al;.94Crg03(CO3),
(OH)4-3H,0.

Wavenumbers (cm 1): 3335s, 3125, 3080sh, 2940sh, 1830w, 1678, 1545sh, 1512s, 1420s, 1400s,
1110, 1095, 1002s, 965sh, 885, 867, 853, 818w, 794w, 730, 656, 573, 525sh, 502s, 473, 419w.

C132 Shomiokite-(Y) Nas;Y(CO3);-3H,0
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Locality: Umbozero mine, Lovozero alkaline complex, Kola peninsula, Murnansk region, Russia.

Description: Pinkish-grey prismatic crystals up to 3 cm in length from the association with albite,
aegirine, elpidite, natron, natroxalate, trona, sidorenkite, siderite and sphalerite. Identified by IR
spectrum. The empirical formula is (electron microprobe) Na, o1 Y g3Gdg 07Er0.05 Ybo.03H00.02EU0.02
Ndy 01(CO3)3-nH,0.

Wavenumbers (cm ™ 1): 3160, 3055, 2900sh, 2360w, 1720w, 1549s, 1499s, 1398sh, 1378s, 1062,
880, 860sh, 786, 737, 672, 500w.
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“Shelkovite”
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Locality: Burned dump of the shaft number 47, Kopeysk, Chelyabinsk coal basin, South Urals,
Russia.

Description: White scaly aggregate from the association with dypingite. Technogenetic substance.
Investigated by B.V. Chesnokov. Optically biaxial (—), a = 1.454, f = 1.482, y = 1.502. The
empirical formula is Mgg 1Cag o(CO3)4.9(SO4)02(OH)3 5:24.3H,0. The strongest reflections of
the powder X-ray diffraction pattern [d, A (I, %)] are 7.53 (100), 5.77 (80), 3.73 (57), 3.47 (32),
2.80 (37), 2.491 (30).

Wavenumbers (cmfl): 3510s, 3430s, 3275s, 3080s, 2960s. 1659, 1493s, 1408s, 1185sh, 1155w,
1117w, 1098, 903, 862, 753, 690s, 530sh, 505sh, 450sh, 405.

C134 Kozoite-(Nd) Nd(CO;)(OH)
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Locality: Mitsukoshi, Hizen-cho, near Karatsu, Saga prefecture, Japan.

Description: Pink massive aggregates in basalt, in the association with kimuraite-(Y), lokkaite-(Y),
kozoite-(La), lanthanite-(Nd) and aragonite. The empirical formula is (electron microprobe)
Ndg.40Lag.33Pro.125m0 05Gdo.04E00.03Y 0.02Ce0.01(CO3)(OH).

Wavenumbers (cm_l): 3540sh, 3440, 1780w, 1512s, 1500s, 1433s, 1079w, 860, 825sh, 726, 717w, 700.
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C135 Kimuraite-(Y) CaY,(CO3)4-6H,O
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Locality: Mitsukoshi, Hizen-cho, near Karatsu, Saga prefecture, Japan.

Description: Pink aggregates in basalt, in the association with lokkaite-(Y), kozoite-(La), kozoite-
(Nd), kozoite-(La), lanthanite-(Nd) and aragonite. The empirical formula is (electron microprobe)
Cay05Y1.47Nd0.26Gdo.10DY0.07E10.04Y 0.02C€0.01(CO3)(OH).

Wavenumbers (cmfl): 3500sh, 3405s, 3350sh, 3240sh, 1630, 1525s, 1507s, 1440sh, 1404s, 1085w,
1062w, 865sh, 856, 842, 747, 686, 620sh, 533, 450sh.

C136 Lanthanite-(Nd) (Nd,La),(CO5);-8H,0

0.9 ; . ; . . . r . r . ; . , .
07 .
(0]
Q
=
]
Z o5k -
g
2]
=
S
=
03 | i
0.1 | | " | " | L | L | " | " | " .

500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm’)

Locality: Mitsukoshi, Hizen-cho, near Karatsu, Saga prefecture, Japan.

Description: Pink platy crystals in basalt, in the association with kimuraite-(Y), lokkaite-(Y),
kozoite-(La), kozoite-(Nd) and aragonite. Identified by IR spectrum and semiquantitative electron
microprobe analysis.

Wavenumbers (cm_l): 3450s, 3350sh, 3150sh, 1765w, 1640sh, 1488s, 1375s, 1340s, 1077w, 885,
850, 748, 678, 655sh, 480sh, 410w.
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C137 Shortite Na,Ca,(CO3)3
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Locality: Kirovskiy mine, Kukisvumchorr Mt., Khibiny alkaline complex, Kola peninsula, Murnansk
region, Russia.

Description: Imperfect green crystals from the association with microcline, natrolite, pirssonite,
villiaumite and thermonatrite. Identified by IR spectrum.

Wavenumbers (cm'): 3065w, 2995w, 2945w, 2610w, 2540w, 2505w, 2450w, 1805w, 1760w,
1525sh, 1480s, 1460sh, 1407s, 1090, 1070, 871, 865s, 850, 841w, 730, 718, 709, 693, 652w.
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C139 Cerussite Pb(CO3)
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Locality: Belmont mine, Tonopah, Osborn district, Big Horn Mts., Arizona, USA.

Description: White veinlet. Identified by IR spectrum.
Wavenumbers (cm_l): 1730w, 1433s, 1497s, 1051, 839, 678s, 470.

C140 Znucalite CaZn;;(UO,)(CO;3);(OH),-4H,0
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Locality: Barenhecke, Saxony, Germany.

Description: Pale yellow spherulites. The empirical formula is (electron microprobe)
Cag 54Zn11.76(UO2)0.70(CO3)3(OH)»-4H,0.

Wavenumbers (cm'): 3500sh, 3340s, 1580sh, 1506s, 1394s, 1083, 1048, 960, 890, 834, 741, 706,
635, 620, 510, 470.
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C141 Hellyerite Ni(CO5)-6H,O
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Locality: Lord Brassey nickel mine, Heazlewood district, Tasmania, Australia (type locality).

Description: Blue massive, from the association with zaratite. Identified by IR spectrum.
Wavenumbers (cm'): 3570sh, 3430sh, 3360s, 2950sh, 1650, 1620, 1500s, 1386s, 1083w, 1040w,

903, 842, 732s, 700sh, 660sh, 458w.

C142 Chlorartinite Mg,(CO5)CI(OH)-3H,0
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Locality: The third cone of the Northern Breakthrough of the Main Tolbachik fracture eruption
(1975-1976), Kamchatka, Russia (type locality).

Description: White crust. Associated minerals are halite, gypsum, aragonite and nesquehonite. The
empirical formula is (electron microprobe) Mg, ¢Cag 1(CO3)Cl; ,(OH)g g-nH,O. Probably contains
admixture of aragonite (the bands at 1482 and 856 cmfl).

Wavenumbers (cm 1): 3480sh, 3430s, 3220sh, 1630sh, 1600sh, 1520s, 1482s, 1450s, 1080w, 895sh,
876, 856, 874, 798, 783, 712, 603, 487, 404.
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C143 Huntite CaMg3(CO3)y
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Locality: Promezhutok cave, Kugitang-Tau ridge, Turkmenistan.

Description: White powdery. Identified by IR spectrum and powder X-ray diffraction pattern.

Wavenumbers (cm_l): 1825w, 1545sh, 1530s, 1512s, 1475sh, 1466s, 1445s, 1114w, 892s, 879,
869s, 847w, 742, 443.

C144 Sahamalite-(Ce) MgCe,(CO3)4
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Locality: Sulfide Queen deposit, Mountain Pass mine, San Bernardino Co., California, USA (type
locality).

Description: Mustard-yellow grains from coarse-grained calcite carbonatite, from the association
with synchysite-(Ce), calcite, barite and witherite. Investigated by I.V. Pekov. Identified by
electron microprobe analysis and powder X-ray diffraction pattern.

Wavenumbers (cm'): 1820w, 1457s, 872s, 853, 845, 746w, 738, 730w, 692w, 465.
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C145 Lokkaite-(Y) CaY4(COs3);-9H,0
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Locality: Karatsu area, Higashi-Matsuura peninsula, Saga prefecture, Kyushu, Japan.

Description: Pinkish scaly aggregate. Identified by IR spectrum.
Wavenumbers (cm™'): 3370, 3250sh, 1776w, 1670sh, 1630sh, 1535sh, 1515s, 1435sh, 1400s,

1088w, 1060w, 865sh, 854, 841, 760sh, 747, 687.

C146 Smithsonite Zn(CO3)
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Locality: Tsumeb (Tsumcorp) mine, Tsumeb, Otjikoto (Oshikoto) region, Namibia.
Description: Colourless crystals. The empirical formula is (electron microprobe)

Zng 9sMgo 2Feg 01Cag o1.
Wavenumbers (cm ™ '): 1810w, 1550sh, 1422s, 1080sh, 871s, 744.
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C147 Spherocobaltite Co(CO3)
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Locality: Siegen, Siegerland, North Rhine-Westphalia, Germany.

Description: Sample number 48944 from the Fersman Mineralogical Museum, Russian Academy
of Sciences, Moscow. Confirmed by the IR spectrum.

Wavenumbers (cmfl): 1422s, 871s, 740.

C148 Synchysite-(Ce) Ca(Ce,La)(CO3),F
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