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The revised crystallochemical formula of calcurmolite, (Ca,Na),(UO,);Mo,(O,0OH),, nH,0O, is given on the basis of
electron microprobe analyses of the samples from Kazakhstan (Kyzyl-Sai) and Armenia (Kadjaran). Parameters of
the monoclinic unit cell: a=16.30 0.03 A, b=25.49 0.05 A, ¢=19.500.06 A, B=90°07", are estimated by X-ray dif-
fraction method. The IR spectra and spectra of laser luminescence of two mentioned findings of the mineral have
been obtained for the first time; they show the identity, stability, and diagnostic value of both methods. Micro-tex-
tural and structural peculiarities of calcurmolite prevent from the research of a crystal structure of the mineral.
Calcurmolite was formed as a pseudomorph after uranophane.
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Steady progress in methodology of miner-
alogical investigations makes it possible to
obtain chemical and physical data, as well as
structural characteristics with better reliability,
precision and resolution. In some cases it can
lead to revision of accepted notion about miner-
al species, varieties and series of solid solutions.
Uranium minerals give bright examples of this
tendency (Sidorenko et al., 2003).

One of such examples is calcurmolite, which
is considered either as a mineral with fixed
chemical composition, or as an isomorphous
series named «calcium-sodium uranyl molyb-
dates» (Skvortsova et al., 1969). Judging by pre-
vious publications, calcurmolites are morpho-
logically extremely diverse and do not practical-
ly have even more or less reliable
crystallochemical formula. Calcurmolite as a
mineral species did not have the usual procedure
of approbation in the IMA Commission on New
Minerals and Mineral Names. The name cal-
curmolite was not suggested by discoverers of
this mineral and has appeared in literature for
the first time in the appendices on the group of
calcium-sodium uranyl molybdates made by
A.S. Povarennykh to the Russian version of the
Mineralogical Tables of H. Strunz (1962).

For the first time, the considered mineral was
described by L.S. Rudnitskaya in 1955 in the oxi-
dized zone of the Kadjaran ore field (the Kafan
region, Armenia) under the previous name kad-
jaranite (Pekov, 1998; Chernikov, 1971), howev-
er, so as not to disclose geography of the deposit,
in the publication in Proceedings of the Geneva

Conference on Peace Use of Atomic Energy
(1959, p. 161) the mineral has appeared as «calci-
um molybdate of uranium». According to the
first data of microchemical analysis,
L.S. Rudnitskaya characterised the chemical
composition of this mineral by a formula
Ca(UO,)3(Mo0,);(OH), 8H,0.

The second finding of the calcium uranyl
molybdate from the oxidized zone of the urani-
um deposit in Kazakhstan was briefly described
by O.V. Fedorov in 1963, giving a formula
Ca(U0,)5(M00O,);(OH), 11H,0, that differs from
the formula of L.S. Rudnitskaya only by amount
of the water molecules per formula unit.

The first full summary of data on calcurmo-
lite under the name «calcium-sodium ura-
nomolybdates» from deposits of the USSR was
published in 1969 (Skvortsova et al., 1969), after
that the new data on these minerals did not
appear for a long time. However, in the article
about tengchongite (Chen Zhangru et al.,
1986), the close assemblage of the latter with
calcurmolite was noted. In 1992, calcurmolite
was found in Rabejac (France) and its «compar-
ison with calcurmolite from the Soviet Union»
was made (Deliens, 1992). However, it was con-
cluded that a sample from France is a worse
material for study.

K.V. Skvortsova and E.V. Kopchenova
(Skvortsova et al., 1969) have studied a series of
calcium-sodium uranyl molybdates connected
with oxidized zones of Kyzyl-Sai, adding to the
summary the data of L.S. Rudnitskaya and
O.V. Fedorov.
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Fig. 1. Inner bunch-shaped texture of outwardly monocrystal {mas-
sive, compact) calcurmolite and its fotal spectrum of the element

composition, revealing U and Mo as a dominative elements.

Fig. 2. Bunch-like form of segregation of calcurmolite, similar to one
presented at Fig. 1, in closest assemblage with uranophane (white
crystals) and phosphate of strontium {uranocircite).

Quite full description of genetic condi-
tions, paragenetic assemblages, morphologi-
cal diversity, chemical composition, optical
properties, X-ray characteristics with adduc-
tion of results of methods of study, accessible
at that time, is presented in the work of
K. Skvortsova with co-authors (1969). At that,
the authors noted the closest assemblage of
uranyl molybdates with other minerals of
uranyl and took that into account during cal-
culation of data of the microchemical analysis
of practically phase heterogeneous matter on
crystallochemical formulae.

The formula suggested in the article are
extremely diverse and not charge-balanced
and can evoke neither satisfaction no the
least certainty in their correspondence to the
true chemical composition of calcurmolites.

Because of remoteness of the summary
publication, it is expedient to remind the crys-
tallochemical formulae calculated in the work
(Skvortsova et al., 1969) by data of micro-
chemical analyses of calcurmolites (in
authors' determination, «calcium-sodium ura-
nomolybdates») with the regard of admix-
tures of uranophane or « -uranotil»; without a
suggestion of the general crystallochemical
formula for calcurmolite as a mineral species,
as follows:

sample 1 —

{CagosNay o) 1,14 (UO,)509(M0O,) 4 o(OH}, 14.5H,0;

sample 2 —

Na 65(UOy) ;06(M0O ) 5,05(OH), 8.6H,0;

sample 3 —

(Cag4iNagee);.10(UO,) 55(M0O,)35(OH), 13H,0;

sample 4 —

(Ca 3sNayez) 1 0(UO) 452 (M0O,)55,(OH), 10H,O;

sample 5 —

Na, 1,(UO,); 15(M0O,);6(OH}), 12H,0;

sample of L.S. Rudnitskaya —

Ca(UO,)p57(M0O,),75(OH), 7H,0.

It follows from these formulae that a
value of the ratio U:Mo in them lays within
the limits from 0.99 to 1.27 and an amount of
sodium, calcium and water varies widely.
Some inconstancy of the U:Mo value seems
to be the most considerable, since just the
ratios of [UO,] and anion-forming complex
are determinative in the crystal structures of
uranyl minerals formed by them (Sidorenko,
1978). Just this fact was a basis for revision of
chemical composition and simultaneously
carrying out ot additional studies of calcur-
molite both from Kadjaran and Kyzyl-Sai,
with use of new methodical, technical, and
apparatus means.

In the present work the samples from col-
lections of minerals and rocks, containing
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uranyl molybdates, which have been studied
earlier by K.V. Skvortsova and E.V. Kopche-
nova and kept to one of the authors of this
work, were studied. The study of chemical
composition of sodium-calcium uranyl molyb-
dates and ratios of the main mineral-forming
elements (uranium, molybdenum, calcium,
sodium) and also the research or crystal struc-
ture of calcurmolite were the main objective.
Implementation of this goal was complicated
by the absence of perfect crystals and synthet-
ic analogues of uranyl molybdates of calcium
and sodium. It is necessary to note that during
study of the R-U-Mo system, where R is a
cation (alkaline and alkaline-earth elements),
one failed to synthesize the analogue of cal-
curmolite (Spitsyn et al., 1981).

Methods of study

Study of element composition and mor-
phological peculiarities of the mineral was
made with the electron microprobe instru-
ment JXA-8100 (JEON, Japan) equipped with
the energy-dispersive system Inca Energy 400
(Oxford Instruments, Great Britain). Chemical
composition was obtained by the crystal-dif-
fraction method at accelerating voltage 20 kV
and electron microprobe current 10 nA. The
standards were as follows: UO,, MoO;, diop-
side (Ca), and albite (Na).

The X-ray powder patterns of the samples
were performed with the ADP-1 diffractometer
(monochromatic CuKa, radiation).

The IR spectra of calcurmolite were regqis-
tered by a standard method with use of pellets
with KBr with the spectrophotometer Specord
75 in a range of frequencies 400-4000 cm™,
Polystyrene and gaseous ammonia were used
as standards.

Measurement of luminescence properties
was made with a complex assembled on a
basis of microscope, single-beam spec-
trophotometer MSFU-312 equipped with a
computer, a counter board for use of a
method of photons counting and a module of
control of step engine of diffraction lattice
drive. The source of generation of lumines-
cence was a laser on molecular nitrogen
(Arad =337.1 nm).

The complex is intended to registration of
luminescence specira of different microob-
jects approximately of 50 um in size and also
microparts of macroobjects in polarized and
depolarised light in a spectral interval of 250-
1200 nm at a room temperature and a temper-
ature of liquid nitrogen.

Fig. 3. «Crystallite» of calcurmolite, entirely composed by fibres and
Iaths of the mineral, between which there are grains of uranophane
(light).

Fig. 4. A fragment of Fig. 3 with some more magnificence, interfiber
inclusions of uranophane are more clear and confirmed by element
analysis.

Fig. 5. Heterogeneous structure of a grain of calcurmolite, in which
the crystals of uranophane with different degree of alteration prevail
{the most perfect are white (1), less perfect are light grey (2), and still
more altered are grey (3)); at the periphery of a grain the fibrous cal-
curmolite grow.
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Table 1. Results of electron microprobe analyses of calcurmolite (wt %) from Kazakhstan and Armenia and its
calculation on ratios of main mineral-forming elements

Deposit- No.of Na,0O CaO MoO, UQO, Total Atomic quantities Formula coefficients
analysis
Na Ca Mo U Na Ca Mo 9}
Kazakhstan
{Kyzyl-Sai) 1 0.6 6.1 209 644 920 0.0194 0.1088 0.1453 02252 0.13 0.75 1 1.55
2 0.6 58 215 639 918 0.0194 01034 0.1493 0.2233 0.13 0.69 1 1.50
3 09 56 209 641 915 0.0290 0.0999 0.1454 02240 020 069 1 1.54
Armenia
(Kadjaran) 4 0.7 58 206 622 893 0.0225 0.1034 0.1430 02173 0.16 0.72 1 1.52
S5 0.5 54 204 613 876 00161 0.0962 0.1415 02144 0.11 0.68 1 1.52
6 1.0 55 207 612 884 0.03223 0.0981 0.1438 0.2152 022 0.68 1 1.50
Average
value 072 57 208 6285 90.07 00231 0.1016 0.1447 02199 0.16 0.70 1 1.52

*Basis of calculation: Mo=1

Results of study of calcurmolite

Up to now calcurmolite was characterized by
a set of interplanar distances obtained by the
clear X-ray diffraction patterns and not quite con-
vincing unit cell parameters, approximately mon-
oclinic. The examination under binocular of the
monomineral fractions of calcurmolite from
Kazakhstan and Armenia revealed the transpar-
ent yellow crystals in a fractions of a millimetre in
size, which looked as single crystals (though far
from crystallographic perfection in comparison
with the needle-shaped crystals of uranophane
associated with them). However, all crystals of
calcurmolite were not suitable for structural
investigations: one failed to obtain a point diffrac-
tion pattern even at use of synchrotron radiation.

An explanation of this fact was given by stud-
ies in reflected electrons and in characteristic
radiation, which have revealed a real constitu-
tion of the crystallites, being microheteroge-
neous system, in which there are bunches or
laths tangled in ball and small crystals both nee-
dle-shaped, orthogonal and without crystallo-
graphic contours. For outwardly homogeneous
transparent segregations, such textural-structur-
al constitution is so unusual and diverse that it
deserves a number of illustration. Figures 1-4
present the inner bunch-like texture of the out-
wardly monocrystal (massive, compact) calcur-
molite and its total spectrum of element compo-
sition, revealing both dominating elements, U
and Mo, and very low contents of admixture ele-
ments (As, Si, P, Sr). In the same crystallite of cal-
curmolite, in closest assemblage, there are ura-
nophane and strontium phosphate (ura-
nocircite). Some crystals of calcurmolite entirely
consist of the tangled fibres and laths of the min-
eral, between which are uranophane grains.
Possibly, this is a pseudomorph of calcurmolite
after the uranium silicate.

In some grains of calcurmolite, the inclusions
of uranophane crystals with different degree of
alteration prevail; their difference by reflected
ability is an evidence of that, fibrous calcurmolite
grows at the periphery of the grain (Fig. 3). A
process of substitution of uranophane by calcur-
molite, above-mentioned as a suggestion, is
clearly shown within the limits of a crystallite in
reflected electrons and in characteristic radia-
tion (Fig. 6).

Chemical composition of calcurmolite from
Kyzyl-Sai and Kadjaran was studied by a method
of the local X-ray spectral analysis. The results of
quantitative analysis on mineral-forming ele-
ments with taking into account of uranophane
inclusions are given in Table 1. In the same Table
are the atomic quantities of contained elements
calculated by the results of analysis and their
ratios (at the calculation the quantity of Mo was
accepted as a unit). The total of oxides was less
than 90% that is connected with high hydration
of the mineral, which (by difference from total
100) contains more than 10% of water, including
the water in the form of hydroxide (see below).

From the data given in Table 1, it follows that
in the chemical composition of calcurmolite:

1) the ratio [UO,]**:(MoQ,)* =3:2, that creates
the [U-Mo]** complexes, for which binding
together in a three-dimensional structure the
additional ions are required;

2) the presence of additional ions of Ca and Na
requires the compensation of valency, that
can be achieved by the entry of hydroxyl ions
in the mineral, their amount is determined by
a sum of additional cations and their charge;

3) the additional cations are represented pre-
dominantly by Ca at constant presents of
sodium, with relatively constant ratio, which
is close (but not equal) to 3:1.

On the basis of data on chemical composition
for the samples from Kyzyl-Sai and Kadjaran, the
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Uranium Ma1

Fig. 6. Pseudocrystallite of calcurmolite, showing the process of substitution of uranophane by uranyl molybdate: a - in reflected elec-

trons, b - in characteristic radiation.

formula of calcurmolite can be presented as fol-
Iows: (Ca, Nax),(UO,);(Mo0O,),(OH),., nH,0O,
where x does not exceed 0.3. The content of
water is high, but difficultly determined at micro-
probe analysis of microheterogeneous «crystal-
lites».

The X-ray powder patterns of calcurmolite in
different morphological aggregations (from the
thin «crystallites» to massive, solid formations)
are analogous and characterized by the peaks of
two types: sharp and rather wider at the medium
values of 2 to indistinct ones at the angles more
than 50°, that can be an evidence of disturbance
of the three-dimensional order of crystal struc-
ture (Tab. 2). The consequence of that are the
some fluctuation of the interplanar distances val-
ues, which is revealed during comparison of data
on two morphological varieties of calcurmolite
from Kazakhstan and samples from Armenia,
and the deviation of these data from calculated
ones. The calculated data were obtained with use
of a size of the monoclinic unit cell; their values

are practically identical (within the limits of pre-
cision of the reflection angles measurements) for
three presented mineral samples. In some sam-
ples, an admixture of uranophane is present.
One failed to obtain the X-ray diffraction pat-
terns from the crystals.

The IR spectra of absorption, obtained for the
first time for calcurmolites from Kyzyl-Sai and
Kadjaran, are identical both on bands position
and their relative intensity (Fig. 7). In the range
of the O-H stretching vibrations, the strong wide
band with a maximum at 3390-3450 cm™ and a
shoulder at 3225-3250 cm™ is present, which is
predominantly caused by vibrations of the water
molecules. Belonging of a large part of the O-H
bonds to the molecular water, but not to hydrox-
yl groups, is confirmed by a presence in the
spectrum the quite strong band of the HOH
bending vibrations at 1622 cm’ with a shoulder
at 1570 cm™! (a presence of the latter is an evi-
dence that the water is diverse in the structure of
calcurmolite). Free OH groups, which usually
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Fig. 7. The IR spectra of calcurmolite for Kazakhstan («K») and
Armenia («A»).

have the narrow bands in the IR spectrum in arange
of 3500-3700 cm’!, are absent in calcurmolite,
although one cannot exclude the presence of small
amount of hydroxyl groups, forming quite strong
hydrogen bonds (of the water-water bond type).

In the IR spectrum of calcurmolite, there are
two weak narrow bands at 1396-1400 cm™ and
1352-1360 cm™. In all studied samples these
bands have the identical intensities that
excludes their belonging to an admixture of car-
bonate mineral. It is more probable that these
bands are caused by the vibrations of the H* ion,
which does not form strong covalent bonds with
oxygen.

The group of strong bands at 946 cm™ (with a
shoulder at 930), 898, and 848 cm™ belongs to the
anti-symmetrical stretching vibrations of the
UOYZ ion, occupying different sites in the crystal
structure of the mineral. The bands at 723, 632,
and 479 cm™ belong to the stretching vibrations
of the molybdenum-oxygen bonds in the MoOy
octahedra; the latter band is the strongest in the
spectrum of calcurmolite.

It is important to note that, according to the
data of the IR spectroscopy, there are no the
MoO; tetrahedral anions in the crystal struc-
ture of calcurmolite. It is known that a maximum
of the most intensive band of the Mo-O stretch-
ing vibrations in the IR spectra of monomolyb-
dates lay in the range v, =770-820 cm™. For
example, powellite (v,,,,=805 cm™), wulfenite
(Vimax =778 cm™'), scenicksite (v, =797 cm’),

Table 2. Values of interplanar distances (in A) for

calcurmolite
Kazakhstan Armenia D
Samplel  Sample II
hkl d/n I d/n I d/n I
012 9156 5 9.099 10 9.12
102 8377 50 8393 12 8.43
201 7.762 100 7775 100 7762 100 7.76
060 425 3 4.25
061,204 4179 16 4.183 6 4.183
134,-214 4125 13 4.129
005-224 3965 34 3974 14 3994 8 3.976
153,420 387 32 3883 34 3883 29 3.883
412,-333 3745 8 3745
063,170 3562 3 3551 7 3.556 3.556
613,-163 3474 5 3485 6 3490 2 3.477
346,500 3264 10 3264 11 3260 8 3.26
080,064 3202 20 3202 24 3202 17 3.205
081,073 3138 6 3119 8 312t 5 3.119
226,120 2953 5 2957
540,-282 284 7 2836 5 2844 4 2.84
542 278 10 2.781
364,-551 2725 8 2722 272
137,620 2644 11 2663 3 2.666 2.658
630 2581 5 259 5 2591 5 2.588
38360-3 2509 3 2.507
4-72,185 2439 8 2.44
-701 2315 3 2.313
493,058 2209 3 2203 4 2189 3 2.199
-1122 2059 12 2.06
715329 1.998 5 1993 3 1.988
3120,
665832 1.987 8 1970 6 1.966 3 1.979
-73-5 1946 3 1.946
1125-31151869 5 1.870 4 1872 3 1.871
198 1834 3 1.837 5 1.838 3 1.836
825 1.789 3 1.788
890 1652 6 1654 5 1.654
4135 1.609 3 1.591 4 1.609
(+ additional weak diffusive peaks)

a 163+0003 16.30=0.003 1631003 16.3
b 2549+0.05 2547005  25.50=+0.06 25.5
¢ 19.506+0.06 19.50+0.05  19.50=+0.06 19.5
B 90.17 90 .06 90 90
1% 8104 8095 8110 8105
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etc. The condensation of tetrahedra always
results in still more low frequencies of the Mo-O
stretching vibrations. So, for umohoite, in which
structure the chains of the MoQ; vertex-joined
octahedra are present, the value v,,,, =593 cm™.
For iriginite, in which the pairs of the MoO,
edge-joined octahedra form the chains , con-
nected via common vertexes of octahedra
belonging to neighbouring pairs, the value
Vo =939 cm’. In the case of calcurmolite,
Vamax = 479 cm™', that allows with certainty to
attribute this mineral to the class of aqueous
oxides of hydroxides, but not to the class of
molybdates.

On the basis of the IRS data, the general crys-
tallochemical formula of calcurmolite, which does
not conflict with the results of study of chemical
composition and requirements of the valence bal-
ance, can be suggested: (Ca,,Na(UO,};M0,0,,,(OH),
nH,O. Taking into account the real chemical com-
positions of the samples from two deposits, x=10.3,
and the formula becomes as follows:
(Ca,sNay,;)(U0O,);Mo,0,,,0H, ; nH,O; however, it
requires a confirmation by the solution of the min-
eral crystal structure.
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Fig. 8, The spectra of laser luminescence of calcurmolite from Kazakhstan («K»} and Armenia («A»):

a - at the room temperature; b - at the temperature of liquid nitrogen

The results of study of the luminescence
spectra of calcurmolite give the additional infor-
mation about this mineral. In the publication
(Gorobets, Rogozhin, 2001), it is noted that at a
room temperature under ultraviolet beam gener-
ated by a fluorescent tube, calcurmolite does not
give luminescence. Only placed in liquid nitro-
gen, the crystals of calcurmolite show a yellow
luminescence under ultraviolet radiation.
However, use of the LGI-505 laser as a source of
generation has allowed to register a lumines-
cence spectrum of calcurmolite at a room tem-
perature.

At a room temperature under influence of
high-intensive radiation of the laser, the crystals
of calcurmolite give luminescence extremely
unevenly: the main part has a green colour with
bright green zones, which are typical for uranyl,
that is connected with phase microheterogene-
ity of the object. At that, photodestruction of the
centres of luminescence is observed: in 10-20
seconds the colour of luminescence becomes
dirty-green, bright green zones of uranophane
fade less intensively, the zones with yellow lumi-
nescence of proper calcurmolite appear.
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At a temperature of liquid nitrogen, the spec-
tra are more clear, a splitting of lines on a green
one (A~530 nm), belonging to uranophane, and a
yellow one (A~550 nm), belonging to calcurmo-
lite, is noted that is shown on Figure 8.

Conclusion

The studies of calcurmolite (a mineral, earlier
attributed to the calcium-sodium uranyl molyb-
dates) by a complex of contemporary methods
on the samples from Kadjaran (Armenia) and
Kyzyl-Sai (Kazakhstan) have shown:

. At seeming homogeneity of transparent grains
of the mineral, both visually and under optic
microscope, they are practically represented
by an aggregate of, as a rule, lath-like or tan-
gled fibrous crystallites formed as a result of
pseudomorphous substitutions of uranophane
by molybdate.

2. By results of the microprobe electron analyses
and data of the IR spectroscopy, the chemical
composition of calcurmolites can be expressed
by a formula (Ca,Na),(UO,);Mo,(O,0H),,
nH,O, where a value n can reach 10-15, i.e. the
mineral is highly hydrated, and the content of
Na does not exceed a value of 0.6 apfu.

3. Purely calcium or purely sodium members
were not found.

4. The sizes of the unit cells, the IR spectra, the
spectra of laser-induced luminescence of cal-
curmolite from Armenia and Kazakhstan are
very similar that is an evidence of stability of
properties and chemical composition of a min-
eral species calcurmolite, excepting, probably,
some variations of the water content, which
does not influence on parameters of the mono-
clinic unit cell and is caused by relatively
weakly bonded molecular water.

—
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