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Galuskinite, Caz(SiO4)3(CO3), a new skarn mineral
from the Birkhin gabbro massif, Eastern Siberia, Russia
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ABSTRACT

In addition to spurrite, Cas(Si04),(COs3), and tilleyite, Cas(Si,O7)(COs),, galuskinite, Ca;(SiO4);(CO3),
is the third mineral in the CaO—SiO,—CO, ternary system. Galuskinite, monoclinic, space group P2,/c
(a=1879, b =6.72, c = 1047 A, B =90.79°, V' = 1322 A3, Z = 4), occurs in thin veins which cut
calcio-olivine, y-Ca,SiOy, skarn with larnite, B-Ca,SiOy, relics. Pavlovskyite, Cag(SiO4)2(Siz0,¢), and
dellaite, Cag(Si;07)(SiO4)(OH),, form a margin between the veins and the calcio-olivine skarn. The
sanidinite facies high-temperature skarn formed ~500 Ma ago when gabbroid rocks of the Birkhin
complex (Baikal area, Eastern Siberia, Russia) intruded and contact-metamorphosed limestone
xenoliths. Galuskinite is a retrograde product of skarn alteration and has neither been described from
cement clinker production processes nor from studies of the CaO—SiO,—CO, system. The crystal
structure of galuskinite, refined from single crystal X-ray data to R; = 3.1%, has a modular character.
One may define a polysomatic series with spurrite and larnite as endmembers and galuskinite as a 1:1
polysome built from regular alternating spurrite and larnite modules. Differences between the X-ray
powder patterns of galuskinite and spurrite are most obvious in the low 0 region. Galuskinite is named
after the Russian mineralogists Irina O. Galuskina and Evgeny V. Galuskin, Faculty of Earth Sciences,
University of Silesia, Poland, for their outstanding contributions to skarn mineralogy.

Kevworbs: galuskinite, calcium silicate carbonate, skarn, new mineral, crystal structure, polysomatism,
modularity, Baikal, Russia.

Introduction of contact metamorphism and metasomatism of

limestone (Treiman and Essene, 1983). Two

THE crystalline phases in the CaO—SiO,—CO,
system (Eitel, 1923; Wyllie and Haas, 1965, 1966;
Zharikov and Shmulovich, 1969; Treiman and
Essene, 1983) are commonly associated either
with cement production or are found as products
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minerals have been reported previously in this
ternary system: spurrite, Cas(SiO4),(CO3) and
tilleyite, Cas(Si,07)(CO3), and both have been
structurally reinvestigated and compared with
other silicate carbonate minerals recently (Grice,
2005). Spurrite is an orthosilicate whereas tilleyite
is a disilicate. Silicate and carbonate groups
occupy separate layers in these minerals because
their Lewis-base strength is quite different:
“...[SiO4] has 0.33 valence units (vu), and
[Si07] has 0.30 vu), whereas the [COs] group
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has 0.22 vu. The silicate group occupies the layer
with cationic groups of higher Lewis-acid
strength, and the carbonate group occupies the
layer with cationic groups of lower Lewis-acid
strength” (Grice, 2005). Further insight into this
valence-matching principle is provided by
Hawthorne and Schindler (2008).

If H,O is included as an additional component
(i.e. in the system CaO—SiO,—CO,—H,0) the
minerals fukalite, CasSi,Os(OH),(CO3) (Henmi
et al., 1977; Merlino et al., 2009) and scawtite,
Ca;(Si50,5)(CO3)-2H,O (Tilley and Hey, 1930;
Grice, 2005), are known. Ignoring minor CI™
concentrations, defernite, Cag(CO3);.53(S1207)0.21
(OH)7[Cly.5(OH).08(H20)0.42] (Sarp et al., 1980;
Armbruster et al., 1996), could also be considered
as part of the system. Fukalite has an OD structure
with two-dimensional disorder. Its modular
structure consists of tobermorite-like Ca poly-
hedral layers alternating along b with tilleyite-
type zigzag polyhedral layers; silicate chains with
a periodicity of four tetrahedra run along a; and
the CO;3 groups are linked to the gaps of the
tobermorite layer and alternate with silicate
chains (Merlino et al., 2009). Scawtite has a
layer structure parallel to (101) which is
composed of a [CaO¢_g] polyhedral sheet linked
by SigO;g rings and isolated CO5; groups (Grice,
2005). Defernite is characterized by a micro-
porous framework formed by edge- and corner-
sharing CaOg_; polyhedra, which are also linked
by CO; groups aligned parallel to the (001) plane.
Its framework has channels parallel to the ¢ axis,
which are confined by eight-membered rings of
CaOg_~ polyhedra and the SiO; units randomly
substitute for two stacked CO; triangles
(Armbruster et al., 1996).

Spurrite is formed during the cement producing
process, in the presence of CO, in the kiln
atmosphere, when clinker is heated to
750—900°C. Fluoride, chloride and K,O seem to
favour spurrite formation (Glasser, 1973; Bolio-
Arceo and Glasser, 1990; Taylor, 1997). Tuttle
and Harker (1957) studied the reaction wollasto-
nite + calcite — spurrite + CO,. The temperature
of spurrite formation increases with CO, pressure,
reaching 1000°C at 345 bar. Spurrite and tilleyite
have also been synthesized hydrothermally using
oxalic acid as a CO, source at 1 kbar at 430 and
450°C, respectively (Henmi and Henmi, 1978).
However, tilleyite has not been found as a product
during the manufacture of clinker (Taylor, 1997).
Among the hydrous calcium silicate carbonates
only scawtite has been synthesized. The synthesis
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of scawtite was successful at low partial pressures
of CO,, with H,O in excess. Scawtite is formed at
temperatures between 140°C and 300°C (e.g.
Kapralik et al., 1984; Garbev, 2004).

Spurrite is found characteristically in high-
temperature skarns formed during the shallow
intrusion of igneous rock into limestone (Wright,
1908; Tilley, 1929; Joesten, 1976; Galuskin ef al.,
2009; Galuskina et al., 2009). It also occurs in the
pyrometamorphic rocks of the Hatrurim
Formation in Israel (Sokol et al., 2008) where
the combustion of organic fossil fuel provides a
heat source. The conditions of formation for
spurrite and tilleyite are similar and the minerals
are occasionally found in association with each
other (Marincea et al., 2001; Beard and Drake,
2007).

The discovery of the new skarn mineral
galuskinite, Ca;(Si04);(CO3), in the well known
system CaO—Si0,—CO, (Wyllie and Haas, 1966;
Zharikov and Shmulovich, 1969) is surprising. A
synthetic analogue of galuskinite has neither been
found in the process of cement production nor
produced experimentally. This study reports the
occurrence, properties and crystal structure of this
unusual mineral.

In February 2011, the IMA-CNMNC approved
mineral proposal no. 2010-057 and the mineral
name galuskinite. Galuskinite is named in honour
of the Russian mineralogists Irina Olegovna
Galuskina (born 1961) and Evgeny Vadimovich
Galuskin (born 1960), who work at the Faculty of
Earth Sciences, University of Silesia, Poland.
Both have discovered and described more than
fifteen new minerals from high-temperature
skarns in Russia (northern Caucasus, Baikal
region, Sakha-Yakutia). Their studies have had
an important impact on our understanding of
high-temperature skarn mineralogy and on
economic mineralogy as artificial analogues of
several of the new minerals occur as mainly
microcrystalline phases in cement and clinker.
Holotype samples of galuskinite are deposited in
the collections of the A.E. Fersman Mineralogical
Museum of the Russian Academy of Sciences,
catalogue number 4050/1 and in the collections of
the Natural History Museum, Bern, catalogue
number NMBE-40811.

Geological setting of galuskinite occurrence

The Birkhin gabbroid massif is situated in the
Olkhon region of Eastern Siberia, which includes
the west coast of the Lake Baikal and Olkhon
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Island (Fig. 1a). It is interpreted as fragment of a
collisional system formed in the Early Palacozoic
when a number of terranes accreted onto the
margins of the Siberian Craton (Donskaya et al.,
2000). The structure of the Olkhon region is
considered as a stack of shear slabs (Fig. la)
which are composed of metamorphic and
magmatic rocks (Fedorovsky and Sklyarov,
2010; Fedorovsky et al., 2010). The metamorphic
grade increases from southeast to west and
northwest from epidote-amphibolite to granulitic
facies.

The Birkhin massif has an isometric shape and
is 13 km in diameter (Fig. 1). Geophysical data
show that it has a lopolith- or harpolith-like form
(Novoselova and Turutanov, 1982). The massif is
a part of the homonymous sub-alkaline complex
of monzogabbro and monzodiorite and was
formed by two intrusive phases. The first intrusive
component at the central part of the massif
consists of low-alkaline gabbroid rocks (differ-
entiated pyroxenite—gabbro-norite—anorthosite
series). The second component, which accounts
for more than 70% of the massif, consists of
monzogabbroid and differentiated rock series with
compositions ranging from olivine gabbro-norite
to monzodiorite (Mekhonoshin et al., 2004). The
age of the monzogabbro is 499 Ma (Fedorovsky
and Sklyarov, 2010; Fedorovsky ez al., 2010).

The Birkhin gabbroid massif is surrounded by
marble, amphibolite, garnet-biotite gneiss and
other metamorphic rocks. The contacts between
it and the surrounding rocks are mainly tectonic.
Fragments of amphibolite hornfels are found at
the south and southeast contact. Rocks at the
southeast contact of the massif are metamor-
phosed up to the staurolite-chlorite-andalusite
grade (7 = 480-500°C, P = 3.5 kbar)
(Korikovsky and Fedorovsky, 1981). At the
contact with gabbroid rocks, metamorphism has
produced a two-pyroxene hornfels facies.
Vladimirov et al. (2009) proposed the following
model of massif formation. In the early stages,
~500 Ma, intrusion of the gabbroid rocks of the
Birkhin complex into the metamorphic country
rocks led to the formation of hornfelsed zones at
the contacts (and probably, high-temperature
skarns were produced). During the period from
480—465 Ma, at the peak of collision events, the
gabbroid body was exhumed to the upper levels of
earth crust. During the later stage, 440—410 Ma,
post collision events, the Birkhin massif became a
consolidated body and the enclosing rocks under-
went mylonitization as a result of brittle and
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viscoplastic deformation produced by left-lateral
tectonic movement along the Siberian Plate.

Galuskinite was found in altered silicate-
carbonate xenoliths a few metres in diameter in
the Birkhin gabbro massif (52.7°N 106.5°E). The
skarns of the Birkhin gabbroid massif are famous
for large kilchoanite, Cag(SiO4)(Siz0y), aggre-
gates (Savelyeva et al., 1992). Galuskinite is
associated with pavlovskyite (IMA2010-63),
another recently discovered mineral (Galuskin et
al., 2011).

Further minerals noted from the Birkhin skarns
include calcio-olivine, larnite, bredigite, merwi-
nite, monticellite, spinel, magnetite, members of
the gehlenite—akermanite series, garnet of the
grossular—andradite—schorlomite—kerimasite
series, kilchoanite, pavlovskyite, cuspidine, bagh-
dadite, chlorbartonite, pyrrhotite, hydroxylelles-
tadite, spurrite, clintonite, fluorapatite and
hydroxylapatite, hillebrandite, perovskite, wollas-
tonite, dellaite and vesuvianite.

Galuskinite occurs in thin veins cutting calcio-
olivine skarn with relict larnite, in which sporadic
grains of bredigite, Ca;Mg(SiO,4)4, gehlenite,
Ca,Al,Si05, cuspidine, CaySi,O7F, and
hydroxylellestadite, Ca((Si04)3(SO4)3(OH,F),,
are present (Fig. 2). The central part of the veins
are composed of galuskinite. Pavlovskyite and
dellaite form a margin between the core and the
calcio-olivine skarn (Fig. 3a—e). Galuskinite
grains up to 0.5 mm in size are heavily fractured
and twinned (Fig. 3f); both simple and polysyn-
thetic twins are noted.

Experimental methods

Sixty point-analyses were carried out using a
CAMECA SX100 electron microprobe operating
in wavelength-dispersive mode at 15 kV,
10—20 nA, with a ~1 um beam diameter.
Natural and synthetic standards were employed.
The following lines and standards were used for
the galuskinite analyses: Ca-Ko., Si-Ko, wollasto-
nite; P-Ko, apatite; Na-Ko, albite; S-Ko., baryte.
Raman spectra of single crystals of galuskinite
(Fig. 4) were recorded using a Dilor XY spectro-
meter equipped with a 1800 line mm ™' grating
monochromator, a charge-coupled device (CCD),
Peltier-cooled detector (1024 x256) and an
Olympus BX40 confocal microscope. The inci-
dent laser excitation was provided by a water-
cooled argon laser source operating at 514.5 nm.
The power at the exit of a 100 x objective lens
varied from 30—50 mW. Raman spectra were
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recorded in backscatter geometry in the range
100—4000 cm™' with a resolution of 2 cm™'.
Collection times of 20 s and an accumulation of
five scans were used. The monochromator was
calibrated using the Raman scattering line of a
silicon plate (520.7 cm ™).

Single crystal X-ray studies were carried out on
several grains of Birkhin galuskinite using a
Bruker APEX II SMART diffractometer (Mo-Ko
radiation, A = 0.71073 A). Details of the best
crystal are summarized in Table 1. Diffraction
data were collected with ® scans at different ¢
settings (¢p-o scan) (Bruker, 1999). Data were
processed using the SAINT suite of software
(Bruker, 1999). An empirical absorption correc-
tion using SADABS software (Sheldrick, 1996)
was applied. The structure was solved by direct
methods with subsequent analyses of difference-
Fourier maps. The galuskinite structure was
refined using the program SHELX97 (Sheldrick,
2008) to Ry =3.1%. The ‘best crystal’ selected for

Fic. 2. Calcio-olivine (Ca-ol) skarn with veins contain-
ing galuskinite (arrowed).

Results

structure solution and refinement consisted of
more than one individual, intergrown in a more or
less random fashion with admixed phases. Thus,
the diffraction pattern of the major fragment had
to be manually separated from the admixtures.
The refinement [240 variable parameters,
including anisotropic atom displacement para-
meters, 3287 F, > 46 (F,)] was carried out with
neutral atom scattering factors. Due to scarcity of
pure galuskinite the X-ray powder pattern was not
measured but calculated from crystal structure
data using the program LAZY PULVERIX (Yvon
et al., 1977).

Macroscopic and microscopic mineral properties
are summarized in Table 2. The small size and
heterogeneity of galuskinite grains, which are
found along fractures replaced by calcium hydro-
silicates, meant that sample selection for straight-
forward determination of H,O and CO, was not
possible. However, Raman spectroscopy confirmed
the presence of CO3~ in galuskinite (Fig. 4) and
CO3~ was determined by single-crystal X-ray
diffraction. There are no bands characteristic of
OH in the Raman spectrum of galuskinite.

The electron microprobe analyses indicated only
traces of Ti, K, Al, Mg, and Mn, which were not

Fi6. 1 (facing page). Maps of the Olkhon collision zone. (@) Tectonic map of the Olkhon collision system (after
Fedorovsky et al., 2010). The legend is as follows: (1,2) Siberian continental plate; (1) weakly deformed Riphean-
Palaeozoic sedimentary cover, (2) Palacoproterozoic metamorphic and granitic basement; (3—6) Early Palaeozoic
collisional system, Olkhon composite terrane (stack of shear slabs composed of metamorphic and magmatic rocks of
different age), (3) slabs formed by various metamorphic rocks including tholeitic basalts (500 Ma),
(4) compositionally diverse metamorphic rocks with subalkaline basalts (500 Ma), (5) leptinite-amphibolite Orso
complex, (6) slabs formed by granitic gneisses and migmatites (460—470 Ma) with signatures of Archaean-
Palaeoproterozoic protolith; (7a) collision suture (margin of the Siberian craton and Olkhon terrane, blastomylonites
composed of rocks of the craton and Olkhon terrane, among blastomylonites also erratic blocks of Palacozoic
granulites), (7b) main shear zone; (8) sutures of blastomylonites between shear zones; (9) Birkhin massif.
(b) Geological map of the Birkhin massif (after Fedorovsky, 2004). The legend is as follows: (1) modern alluvium;
(2) metamorphic rocks of the Olkhon complex; (3,4) metamorphic rocks of the Angin complex (including the Orso
complex), (3) marble, (4) other metamorphic rock (meta-effusive rock of intermediate and mafic composition, meta-
breccia, quartzite, highly aluminous rocks, garnet-biotite gneiss, marble melange); (5) gabbro, monzogabbro, diorite
and their metamorphosed analogues; (6) granite; (7) syn-metamorphic blastomylonite shear zones and thrust faults;
(8) area of work.
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FiG. 3. Galuskinite (Gal) fills the central part of veins in calcio-olivine (Ca-ol). Borders of the veins are represented

by aggregates of dellaite (Del) and pavlovskyite (Pav): (a—c) overviews; (d,e) magnified portions of the central part

shown in (b) and (¢); (f) the parting character of galuskinite; (a,d) are in plane polarized light; (b,e) are with crossed
polarizers; (c,f) are back scattered electron images.

quantified; both B and F were below detection
limits. Analytical data are given in Table 3. The
empirical formula (based on 15 O atoms) is

(Cag.936N20.086)x7.022(512.983P0.01850.004)£3.00s012
(CO3). The simplified formula is Ca;(Si04);(CO3),
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which corresponds to: CaO, 63.63 wt.%; SiO,,
29.22 wt.% and CO,, 7.14 wt.%.

The results of the crystal structure refinement
including atomic coordinates and isotropic equiva-
lents (Uq) of anisotropic atom displacement
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F1G6. 4. The Raman spectrum of galuskinite (1A and 1B) in comparison with the corresponding spectrum for spurrite
(2A and 2B). The points where the Raman measurements were made are shown on inset photo which shows
replacement of dellaite by galuskinite and galuskinite by spurrite.

parameters are listed in Table 4, anisotropic Discussion

displacement parameters in Table 5 and selected  Formation conditions

interatomic distances in Table 6. Final difference-
Fourier maps showed a peak of 1.5 /A3, which
was refined as a partly occupied H,O site (OW).
However, there are no bands which are character-
istic of either OH or H,O in the Raman spectrum
of galuskinite, so it seems more probable that this
peak is an artefact produced by intensity contribu-
tions from non-corrected admixtures. The close
proximity of this ‘ghost peak’ to the C-site at
2.56 A makes its relevance to the structure of
galuskinite rather unlikely. The refinement quality
of other galuskinite crystals studied was consider-
ably poorer and the weak ‘ghost peak’ was not
detected. Calculated X-ray powder data for Debye-
Scherrer geometry and Cu-Ko radiation are
presented in Table 7 and Fig. 5.
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The original skarn assemblage of larnite, (calcio-
olivine) and bredigite combined with the enclosed
minerals, indicates sanidinite facies conditions
(low pressure and temperature above 800°C). The
presence of pavlovskyite and dellaite, which form
the margin between the high-temperature skarn
and galuskinite, may indicate secondary hydration
reactions at temperatures in the range of
350—600°C (Agrell, 1965; Bennett et al. 1966;
Speakman et al., 1967; Garbev et al., 2008;
Shimazaki et al., 2008). Galuskinite replaces
dellaite and is subsequently replaced by spurrite
(Fig. 4, inset). It may be speculated that
galuskinite formed in a similar temperature
range when reactive CO, entered the vein
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TaBLE 1. Parameters for X-ray data collection and crystal-structure refinement for galuskinite.

Crystal data .
Unit cell dimensions (A)

Volume (A3 )
Space group
Z

W (mm)

Intensity measurement
Crystal shape

Crystal size (mm)
Diffractometer

X-ray radiation

X-ray power
Monochromator
Temperature

Detector to sample distance
Measurement method
Rotation width

Frame size

Time per frame

0-range for data collection
Index ranges

No. of measured reflections
No. of unique reflections
No. of observed reflections ( / > 20(/))

Refinement of the structure
No. of parameters refined

Rim

Rs

R1, 1> 20(])
R1, all data
wR2 (on F?)
GooF

Apmin (—e. A7)
APmax (6. A73)

a = 18.7872(5)

b = 6.7244(2)
c=10.4673(2)

B = 90.7880(10)°
1322.24(6)

P2,/c No. 14

4

3.2

Prismatic
0.12x0.12x0.16
APEX II SMART
Mo-Ka. A = 0.71073 A
50 kV, 30 mA
Graphite

293 K

5.95 cm

Psi-omega scans

0.5°

512 x 512 pixels

120 sec

2.2 to 30.5°

—26 < h < 26

8 <k<9

-4 </< 14
20642

4039

3287

240

0.0592

0.0388

0.0310

0.0433

0.0737

1.055

—0.65 close to Sil
0.70 close to Ca2

system. Most surprisingly, the synthetic analogue

of galuskinite is not known.

Modular structure of galuskinite

Galuskinite is an orthosilicate with additional
COj; groups. There are seven symmetry-indepen-
dent Ca sites with O coordination of between
seven and eight. The arrangement of the
coordination polyhedra indicates a modular
character with strong structural similarities to
spurrite and larnite. The layer concept of calcium
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silicate carbonate introduced by Grice (2005) is
the basis for the modular interpretation and has
here been extended to larnite. To better under-
stand the galuskinite structure the modular
components are discussed first.

The larnite structure, f-Ca,SiO4, space group
P2,/n [a = 5502, b = 6.745, ¢ = 9297 A, B =
94.59°, V=344 A3; Jost et al., 1977] is composed
of tightly interwoven layers (Fig. 6). The layers
extend parallel to (101) and are formed by seven-
fold coordinated Cal (distorted pentagonal dipyr-
amids) and eight-fold coordinated Ca2
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TABLE 2. Properties of galuskinite.

Property

Habit Aggregates of highly fractured grains
Forms Not determined

Twinning Simple and polysynthetic twins on (001)
Colour Colourless, white, pale grey

Streak White

Lustre Vitreous, transparent

Fluorescence Not observed

Hardness H (Mohs): ~5; VHN load 20 g, mean (3) = 440 kg mm >
Tenacity Brittle

Cleavage Imperfect on (001), (100), and (010)
Parting Perfect on (001)

Fracture Uneven

Density (calc.) 3.096 g cm

Optical properties Not pleochroic

o (589 nm) 1.660(3)

B (589 nm) 1.669(3)

v (589 nm) 1.676(3)

2V, obs/calc 60(5)° / 82.4

Optical orientation (difficult to ol b,y a~ 25 B e~ 25
determine: undulatory extinction) or
ol b,y Ne 25 B ax~ 25

Compatibility 1 — (K,/Ko):

—0.031 (excellent).

(dodecahedra = ‘anticubes’). Interspersed
amongst the Ca polyhedra are SiO, tetrahedra,
which are linked on their triangular face to the
layer of Ca polyhedra. All three edges of this
triangle are edge-connected with Ca polyhedra.
The back and front sides of the layer are related
by a 2; axis parallel to b. The layers have
2 x Ca,Si0,4 composition.

TABLE 3. Analytical data for galuskinite (mean of 60
results).

Oxides Wt.% SD Range
SiO, 28.85 0.29 28.40—29.94
CaO 62.61 0.43 61.73—63.62
Na,O 0.43 0.05 0.33—0.54
SO, 0.05 0.03 0-0.14
P,0s 0.20 0.09 0.04—0.43
CO,* 7.08

Total 99.22

* Calculated by stoichiometry from the results of the
crystal structure analysis.
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Spurrite, Cas(Si04),COs5, space group P2,/a
(@a=1048,6=6.71,c=14.16 A, =101.27°, V' =
977 A%; e.g. Grice (2005)) can be considered to
consist of tightly interwoven layers parallel to
(001) (Fig. 7). Two different types of layers can
be distinguished. The central layer, with a
Ca,Si0, composition, contains eight-coordinate
polyhedra around Ca2 and Ca3, which are linked
by their edges with SiO4 (Si2) tetrahedra. Thus
each tetrahedron has two connected edges. The
second type of layer looks like a larnite module on
the front side but on the reverse side it is different.
The layer-forming Ca coordination polyhedra are
7- and 8-fold coordinated but topologically
opposite to the larnite module. This reversal of
coordination is not apparent on the larnite-like
side but it is responsible for the altered topology
of the back side of the module, which has CO3
linked with one edge to eight-coordinate Cal. The
bonding of CO; with a low Lewis-base strength to
eight-coordinate Ca (low Lewis-acid strength) is
in accordance with the valence matching principle
(Brown, 2002). The free CO; apex joins this
module to the central layer. The mixed anion
layer (Cal, Ca4, Ca5, Sil, Cl) has the
composition Ca,SiO4+CaCOs5.
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TABLE 4. Atomic coordinates and isotropic equivalents (Ueq) of anisotropic atom displacement parameters of

galuskinite.

Site Atom X y z Ueq Occupancy
Cal Ca 0.25320(3) 0.99544(8) 0.03445(5) 0.01055(10) 1
Ca2 Ca 0.00225(3) 0.49318(8) —0.29336(5) 0.01029(10) 1
Ca3 Ca 0.46782(3) 0.94041(8) 0.25248(5) 0.01130(11) 1
Ca4 Ca 0.18601(3) 0.34203(8) 0.24622(6) 0.01206(11) 1
Ca5 Ca —0.08011(3) 0.34023(8) —0.00397(6) 0.01214(11) 1
Ca6 Ca 0.41771(3) 0.23372(8) —0.00793(6) 0.01298(11) 1
Ca7 Ca 0.26033(3) 0.51157(8) —0.05254(5) 0.01028(10) 1
Sil Si 0.42237(3) 0.74899(10) —0.00051(7) 0.00795(13) 1
Si2 Si 0.17238(4) 0.71963(10) —0.25559(7) 0.00809(13) 1
Si3 Si 0.09001(4) 0.22209(10) 0.00646(7) 0.00823(13) 1
o1 (¢} 0.37171(10)  0.9182(3) 0.0636(2) 0.0138(4) 1
02 o 0.37975(10)  0.5666(3) —0.06914(19)  0.0122(4) 1
03 (¢} 0.52592(10)  0.1483(3) 0.10652(19)  0.0128(4) 1
04 (0) 0.47714(10)  0.6661(3) 0.10925(19)  0.0117(4) 1
05 (¢} 0.20363(10)  0.0054(3) 0.23703(19)  0.0113(3) 1
06 (¢} 0.21195(11)  0.8270(3) —0.1359(2) 0.0142(4) 1
o7 (¢} —0.08658(10)  0.2693(3) 0.2339(2) 0.0133(4) 1
08 (¢} —0.19184(10)  0.3392(3) —0.11325(19)  0.0128(4) 1
09 (¢} 0.07252(10)  0.9886(3) 0.0047(2) 0.0141(4) 1
010 (¢} 0.17363(10)  0.2609(3) —0.0245(2) 0.0127(4) 1
011 (¢} 0.03815(10)  0.3388(3) —0.09493(19)  0.0127(4) 1
012 (¢} 0.07182(10)  0.3198(3) 0.14611(19)  0.0129(4) 1
013 (¢} 0.30111(10)  0.3108(3) 0.13532(19)  0.0131(4) 1
014 (¢} 0.30607(10)  0.3051(3) 0.3491(2) 0.0133(4) 1
015 (¢} 0.40565(10)  0.2799(3) 0.2365(2) 0.0159(4) 1
Cl C 0.33806(13)  0.3005(4) 0.2405(3) 0.0113(5) 1
ow (¢} 0.3372(12) 0.681(4) 0.253(2) 0.028(7) 0.10909)

The galuskinite structure, Ca;(Si04);COs3,
space group P2i/c (a = 18.79, b = 6.72, ¢ =

10.47 A, B =90.79°, V' = 1322 A; this paper) may
also be interpreted as being built from intimately
connected layers parallel to (100) (Fig. 8). Three
different types of layers can be distinguished. The
central layer of Ca,SiO4 composition is
assembled from eight-coordinate polyhedra
around Ca3 and Ca6, which are linked by their
edges with SiO, (Sil) tetrahedra. Thus each
tetrahedron has two connected edges. This
module is identical to the central module in
spurrite. The Ca6 site may be interpreted as nine-
coordinate (Table 6), however, the ninth oxygen
ligand, which is 2.969 A away, is a similar
distance to Ca6—C. For this reason and because of
structural similarities to spurrite, an eight-fold
coordination of the Ca6 position is used in this
comparative discussion. The second type of layers
looks like the larnite module on the front side but
on the reverse side COj; triangles are present.
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Thus the COs-bearing module corresponds to the
one in spurrite. This mixed anion layer (Cal, Ca4,
Ca7, Si2, Cl) has the composition Ca,SiO4 +
CaCOs. An additional larnite module (Ca2, Ca5,
Si3) completes the stacking sequence along a. If
the unit-cell volumes of larnite (Jost et al., 1977)
and spurrite (Grice, 2005) are added (1321 /0\3) the
unit-cell volume of galuskinite is obtained. This
close resemblance indicates that the modular
daughter structure (galuskinite) is very similar to
the parent structures of larnite and spurrite with
regard to space filling and polyhedral distortions.

One may also define a polysomatic series with
spurrite and larnite as the endmembers, and with
galuskinite as a 1:1 polysome built by regularly
alternating spurrite and larnite modules. The
structures of spurrite (Grice, 2005) and larnite
(Jost et al., 1977) may be easily re-oriented so that
there are common values for the b and ¢
parameters and the same space group setting
P2,/c: galuskinite: a = 18.79, b = 6.72,



GALUSKINITE, A NEW SKARN MINERAL, E SIBERIA

TABLE 5. Anisotropic displacement parameters for galuskinite.

Site Un Uiy Uss Uss Uiz Uiz

Cal 0.0119(2) 0.0096(2) 0.0101(2) ~0.00121(18)  0.00086(17)  0.00018(17)
Ca2 0.0112(2) 0.0092(2) 0.0105(2) —0.00053(19) 0.00147(17)  —0.00087(16)
Ca3 0.0150(2) 0.0093(2) 0.0096(3) ~0.00016(18)  0.00180(18)  0.00025(17)
Cad 0.0124(2) 0.0097(2) 0.0141(3) —0.00007(19)  —0.00002(19) 0.00056(17)
Ca5 0.0130(2) 0.0086(2) 0.0148(3) ~0.00061(19)  0.00017(19)  0.00061(17)
Cab 0.0099(2) 0.0152(2) 0.0139(3) 0.0051(2) 0.00050(18)  —0.00049(18)
Ca7 0.0097(2) 0.0095(2) 0.0117(3) —0.00014(19)  0.00092(17)  0.00051(16)
sil 0.0080(3) 0.0075(3) 0.0083(3) 0.0000(2) 0.0009(2) 0.0004(2)
Si2 0.0092(3) 0.0068(3) 0.0083(3) 0.0001(2) 0.0014(2) —0.0003(2)
Si3 0.0082(3) 0.0071(3) 0.0093(3) ~0.0002(2) 0.0011(2)  —0.0002(2)
0Ol 0.0127(8) 0.0130(9) 0.0158(10) —0.0016(8) 0.0015(7) 0.0041(7)
02 0.0106(8) 0.0117(8) 0.0143(10)  —0.0016(7) 0.0012(7)  —0.0020(6)
03 0.0141(8) 0.0144(9) 0.0099(10) 0.0016(7) 0.0024(7)  —0.0036(7)
04 0.0117(8) 0.0113(8) 0.0120(10) 0.0017(7) 0.0007(7) 0.0020(6)
05 0.0145(8) 0.0082(8) 0.0113(9) 0.0001(7) 0.0014(7)  —0.0019(6)
06 0.0174(9) 0.0125(9) 0.0127(10) —0.0032(7) —0.0031(7) 0.0010(7)
07 0.0102(8) 0.0114(9) 0.0184(11) 0.0001(8) 0.0015(7) 0.0000(6)
08 0.0159(9) 0.0107(9) 0.0118(10) —0.0016(7) 0.0011(7) 0.0021(7)
09 0.0148(9) 0.0097(8) 0.0180(10)  —0.0003(8) 0.0016(7)  —0.0013(7)
010 0.0097(8) 0.0119(8) 0.0166(10) 0.0012(7) 0.0017(7) —0.0016(6)
o11 0.0131(8) 0.0132(9) 0.0119(10) 0.0025(7)  —0.0003(7) 0.0012(6)
o12 0.0139(8) 0.0129(9) 0.0119(10)  —0.0022(7) 0.0021(7) 0.0010(7)
013 0.0147(8) 0.0130(9) 0.0116(10) 0.0013(7)  —0.0008(7) 0.0001(7)
014 0.0125(8) 0.0137(9) 0.0137(10)  —0.0012(7) 0.0015(7) 0.0000(7)
015 0.0111(8) 0.0174(10) 0.0191(11) —0.0004(8) 0.0015(7) 0.0008(7)
Cl 0.0098(10) 0.0120(11) 0.0122(13) 0.0001(9) 0.0007(9) 0.0007(8)

c=1047 10\, B =90.79° spurrite: a = 14.156, b =
6.71,c=10.484 A, B=101.27° is transformed by
[001/010/100]; larnite: @ = 5.502, b = 6.745, ¢ =
10.417 A, p = 117.18°, is transformed by [100/
010/101]. Using these values, the a periodicity of
galuskinite is obtained easily from those of
spurrite and larnite: 18.79 A xsin 90.79° =
14.156 A x sin 101.25° + 5.502 A x sin 117.18°.

For a 1:1 polysome like galuskinite, the
physical properties may be predicted from the
properties of the endmembers. Synthetic spurrite
has refractive indices o = 1.638(2), B = 1.670(2),
v =1.676(2) (Tuttle and Harker, 1957) and larnite
has o =1.707, B =1.715, y = 1.730 (Tilley, 1929);
the optical properties of galuskinite are summar-
ized in Table 2. As the unit-cell volumes of
spurrite and larnite have a 2.8:1 ratio, the
calculated refractive indices have to be weighted
by this ratio. In spurrite and galuskinite o is
parallel to b, whereas in larnite vy is parallel to b.
Structures with COj3 aligned in parallel fashion
usually have their lowest refractive indices
perpendicular to the planar CO3; group (b in
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galuskinite and spurrite). The weighted refractive
index parallel to b (o) in galuskinite is thus
predicted to be 1.662, which is in good agreement
with the measured value of 1.660(3) (Table 2).
Due to uncertainty in the exact optical orientation
for galuskinite (Table 2) only average values will
be considered for the remaining refractive indices
within the plane of the CO; group. The value of
galuskinite for (B + y)/2 is predicted to be 1.684,
which is slightly higher than the measured value
of 1.673. Spurrite has a Si04:CO; ratio of 2:1
whereas galuskinite has 3:1. Thus the anisotropic
CO; coordination must have a stronger influence
on the optical properties of spurrite resulting in a
higher optical birefringence (6 = 0.038) than
determined for galuskinite (6 = 0.016).

Relation to other skarn minerals

Due to the close structural similarities between
galuskinite and spurrite, the X-ray powder
patterns of the two minerals are strikingly
similar in the high-26 region. However, in the



TABLE 6. Selected interatomic distances (/0\) in galuskinite.

Villgq
—06 2.242(2)

—01 2.3024(19)
—05 2.329(2)

—010 2.404(2)
—013 2.529(2)
—014 2.570(2)

—08 2.664(2)

Mean Cal —0O: 2.434

Vil oy
—07 2.328(2)

—011 2.410(2)
—012 2.440(2)
—07 2.4484(19)
—09 2.510(2)
—012 2.562(2)
—09 2.605(2)

—011 2.705(2)
Mean Ca2—0: 2.501

[VIII]Ca3

—04 2.330(2)

—03 2.351(2)

—04 2.385(2)

—03 2.459(2)

—02 2.512(2)

—015 2.569(2)
—015 2.612(2)

—01 2.664(2)

Mean Ca3—0: 2.485

Vg4
—05 2.2900(19)
—012 2.379(2)
—013 2.477(2)
—014 2.498(2)
—010 2.512(2)

—08 2.559(2)

—06 2.588(2)

Mean Ca4—0: 2.473

VIl g5
—09 2.216(2)

—08 2.377(2)

—011 2.429(2)
—011 2.516(2)
—07 2.539(2)

—012 2.733(2)

—07 2.842(2)

Mean Ca5—0: 2.522
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IX1Ca6

—04 2.3533(19)
—01 2.414(2)
—03 2.415(2)
—02 2.433(2)
—014 2.573(2)
—015 2.590(2)
—015 2.684(2)
—013 2.721(2)
—03 2.969(2)
Mean Ca6—0: 2.572

Villog7
—02 2.2830(19)
—010 2.3650(19)
—08 2.395(2)

—05 2.436(2)

—06 2.463(2)

—013 2.497(2)
—014 2.521(2)
Mean Ca7—0: 2.422

Sil

—02 1.626(2)

—04 1.630(2)

~01 1.633(2)

—03 1.638(2)
Mean Sil—O: 1.632

Si2

—06 1.618(2)

—05 1.625(2)

—07 1.6327(19)
—08 1.637(2)
Mean Si2—0: 1.627

Si3

—09 1.604(2)
—010 1.6294(19)
—011 1.632(2)
—012 1.643(2)
Mean Si3—0: 1.627

C

—015 1.279(3)
—014 1.293(3)
—013 1.295(3)
Mean C—0: 1.289
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TaBLE 7. Calculated X-ray powder pattern for galuskinite. Only intensities >5 are listed. The ten strongest
lines are in bold.

ook d Lol hokol d Lol
1 0 0 187854 56 4 1 4 21756 21
2 0 0 9.3927 15 4 1 4 21529 16
1 1 0 6.3310 17 4 2 3 2.1435 9
30 0 6.2618 34 3 30 2.1103 6
2 1 0 5.4676 13 1 3 2 2.0469 7
0 0 2 52332 26 7 1 3 2.0404 22
2 1 1 4.8304 7 6 0 4 2.0215 9
4 0 0 4.6964 19 7 1 3 2.0159 7
30 2 4.0429 21 2 3 2 2.0149 6
3.0 2 3.9886 9 2 3 2 2.0103 6
4 1 0 3.8503 16 0 1 5 1.9987 6
2 1 2 3.7958 15 6 0 4 1.9943 5
2 1 2 3.7656 10 9 1 0 1.9934 7
5 0 0 3.7571 12 1 1 5 1.9902 24
4 0 2 3.5194 6 9 1 1 1.9630 14
4 0 2 3.4716 8 8 2 0 19251 53
0 2 0 3.3622 15 6 2 3 1.9064 5
5 1 0 3.2799 5 4 2 4 1.8979 20
0 2 1 3.2011 26 8 2 1 1.8972 5
2 20 3.1655 6 3 1 5 1.8968 6
1 2 1 3.1534 5 4 2 4 1.8828 24
5 1 1 3.1406 21 0 2 5 1.7770 6
6 0 0 3.1309 16 5 1 5 1.7742 16
5 0 2 3.0721 16 8 0 4 1.7597 6
1 1 3 3.0496 26 11 0 0 1.7078 9
5 0 2 3.0323 59 3 25 1.7043 11
2 2 1 3.0261 9 7 3 1 1.6952 6
3 2 0 29622 20 9 2 2 1.6855 7
2 1 3 2.9518 6 0 4 0 1.6811 9
32 1 2.8454 8 5 3 3 1.6804 6
4 2 0 27338 98 8 2 3 1.6776 6
2 2 2 2.7141 78 9 2 2 1.6736 8
6 0 2 2.7032 100 0 2 0 1.6399 7
2 2 2 27030 85 6 3 3 1.6207 6
6 0 2 2.6706 100 5 25 1.6137 7
0 0 4 2.6166 82 12 0 0 1.5655 8
4 1 3 2.5709 12 10 2 2 1.5596 9
6 1 2 2.4820 11 8 2 4 1.5591 5
3 0 4 2.4262 7 7 3 3 1.5484 9
0 2 3 2.4209 19 1 3 5 1.5261 7
8 0 0 2.3482 7 6 0 6 1.5150 10
2 2 3 2.3389 7 6 4 2 1.4276 5
3 2 3 22653 43 7 4 0 1.4247 5
1 3 0 2.2257 6 6 4 2 1.4227 7
8 1 0 2.2169 13 0 4 4 1.4143 10
0 3 1 2.1918 6 12 0 4 1.3516 5
6 1 3 2.1884 13 12 0 4 1.3353 8
2 3 0 2.1802 7 0 0 8 1.3083 6
1 3 1 21777 52
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a b

| FETTTETETE FETTTRTETE FRURETTENY INRUTETITE FRRRRRTETE FRRTRRATTL | Levn b b b b bl
0 10 20 30 40 50 60 0 10 20 30 40 50 60

FIG. 5. Calculated X-ray powder patterns (Cu-Ko. 20) from Azoms 5.1 by Shape Software: (a) galuskinite; () spurrite
(Grice, 2005). Differences are most obvious in the low 20 region.

Fi1G. 6. Polyhedral model of the crystal structure of larnite. (a) Projection of the structure along b with unit-cell

outlines. Dashed contours intersect the structure in layered modules parallel to (101). () Isolated (101) larnite

module (b horizontal). The layer module is composed of pale yellow Ca polyhedra with 7-fold coordination, intense

yellow Ca dodecahedra (8-fold coordination) and red SiO, tetrahedra in a ratio of 1:1:1. Corresponding SiO4
tetrahedra and 7-coordinate Ca occur on the front and reverse sides of the layer.
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FIG. 7. Polyhedral model of the crystal structure of spurrite. (¢) Projection of the structure along » with unit-cell

outlines. Dashed contours intersect the structure in layered modules parallel to (001). (b) Isolated (001) front side of

a module resembling the larnite module (b horizontal). The layer module is composed of pale yellow Ca polyhedra

with 8-fold coordination, intense yellow Ca polyhedra (7-fold coordination) and red SiO, tetrahedra in a ratio of

1:1:1. (¢) Reverse of the same module (slightly tilted for better visibility of triangular (dark grey) COj; units). This
mixed anion layer has a Ca,SiO4+CaCOj; composition.
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F1G. 8. Polyhedral model of the crystal structure of galuskinite with colours as in Figs 6 and 7. The projection of the
structure is along b with unit cell outlines. Dashed lines intersect the structure in layered modules parallel to (100).
The structure is composed of a central module (orange eight-coordinate Ca polyhedra with red SiO, tetrahedra,
module composition Ca,SiO4) analogous to spurrite, followed by a layer with a topologically different front
(Ca,Si04) and reverse (CaCOs3) as found in spurrite. The sequence is completed by one perfect larnite layer of
Ca,Si04 composition. Adding up the modular units, the composition of galuskinite is Ca;(SiO4);COs.

low-20 region there are significant differences. A Acknowledgements

diagnostic feature of galuskinite is the first
diffraction peak at 4 = 18.78 A (1 0 0;
1= 56%); the first diffraction peak of spurrite is
atd=13.88 A (00 1; /=5%) and is considerably
weaker (Fig. 5).

Galuskin et al. (2009) described another new
skarn mineral with the same Ca:Si ratio of 7:3,
which was named chegemite, Ca;(SiO4);(OH),.
Chegemite is the calcium hydroxyl analogue of
humite and is therefore structurally related to
calcio-olivine, y-Ca,SiOy4. Thus, chegemite is an
orthosilicate with Ca in octahedral coordination.
Endmember chegemite has the composition
66.44 wt.% CaO, 30.51 wt.% SiO, and
3.05 wt.% H,O whereas galuskinite is
63.63 wt.% CaO, 29.22 wt.% SiO, and
7.14 wt.% CO,. If only the heavy elements are
considered the two minerals are easily confused,
however, the Raman spectrum (Fig. 4) and X-ray
diffraction pattern enable unambiguous
identification.
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