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of Sciences of Ukraine"), A. Andreev (Taras Shevchenko National University of Kyiv, Educational-
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SUMMARY 

The article presents the results of a study of calcium-thorium-uranium silicate, which was discovered 
by the authors in the Precambrian thorium-uranium albitites of the actinolite-diopside group of 
metasomatic facies of alkaline sodium metasomatites of the Novooleksiivka ore occurrence of the 
Partizansky ore field of the Central-Ukrainian ore district. It is shown that the main components of the 
chemical composition of the mineral are UO2, SiO2, ThO2, CaO. The usual impurities are FeO, Y2O3, 
Al2O3, BaO. The content of PbO in the different crystals vary within (3.05-11.6) %. The chemical 
composition of the mineral is not constant, apparently due to significant epigenetic transformations. 
The signs of transformations are manifested of the presence of reaction boundaries with the epidote (the 
latter seems to be "eating" this radioactive mineral), transformations in region of boundaries with the 
albite, of the presence of numerous cracks, which are filled with uranium black with a significant 
impurity Pb. The detected calcium-thorium-uranium silicate differs by high content of ThO2, CaO, 
Y2O3 from Calciothorite, Nenadkevite, Uranophane, Coffinite, and a high content of UO2, CaO, Y2O3 
from Calciothorite. Probable crystal-chemical formula of calcium-thorium-uranium silicate – 
(Ca2,U,Th,) [SiO4]∙nH2O. In the case of proving that this silicate is a new mineral, we are proposed to 
call this mineral calciotorouranite. The existence of an isomorphic series of calciotorite-calciocoffinite 
(the latter is not yet known) is assumed. 
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Introduction 
 

In 2015, the presence of ore-bearing albitites in the Partisan ore field of the Central-Ukrainian 
uranium ore district of the Kirovograd metallogenic region of the metallogenic province Ukrainian 
Shield with high correlation of uranium and thorium was discovered. For the first time the existence 
of alkaline sodium metasomatites of high temperature andradite-actinolite-diopside group of 
apogranitic metasomatitic facies of the Novooleksiivka ore occurrence with strong positive statistical 
relation between uranium and thorium was proved. It testifies for the possible consideration of 
association of these chemical elements as paragenetic (Mihalchenkoa, 2015). The study tested that the 
investigation sample to determine mass fractions of uranium and thorium in the chemical composition 
of the samples of albitites of Novooleksiivka ore occurrence is not homogeneous, and consists of two 
groups. As a result of estimation of geometric means of uranium and thorium mass fractions (w) two 
concentration levels of uranium and thorium relatively unaltered granites of Novoukrainka massif are 
set in these groups. The estimation of coefficients of concentration in the first group of the pair’s 
values (samples of nonmetallic albitites) are for uranium – 8.8, for thorium – 2.2, and in the second 
group of the pair’s values (samples of ore albitites), accordingly, 192 and 5.7. 

For ore deposits (ore albitites) characterized by samples of group II, the estimate of the 
determination coefficient of U and Th is 0.91. The factors that influenced the deposition of U and Th 
were basically the same, which could be reflected in the composition of the mineral concentrators of 
these elements (Mihalchenkob, 2015). 

The work (Mihalchenko and Andreev, 2017) presents the results of a preliminary study of the 
mineral composition of these albitites. Of the accessory minerals in the polished preparations of the 
albitites were found: relicts - monazite, zircon, apatite; in non-metallic albitites: synmetasomatic - 
apatite, titanite, cyrtolite, malacon, hematite, orthite, bastnesite, cerite, torite, uranothorite, ferritorite, 
sphalerite, unrecognized phase of uranium mineral. 

In the ore albitites: synmetasomatic: unrecognized thorium-calcium-uranium silicate ((90-95)% of 
the total volume of radioactive mineralization), bastnesite, cerite, rutile, manganese ilmenite, 
pneumatolitic-hydrothermal monazite; epigenetic: coffinite, uranophane, barium uranophane, 
boltwoodite, nasturane (?) (small crystals), galenite, unrecognized lead phase, barite. According to the 
results of this study, the previous assumption (Mihalchenkob, 2015) was confirmed about the 
concentration of U and Th in common minerals in the ore formation processes, which is the reason for 
the high correlation of these chemical elements in the thorium-uranium ore albitites of the 
Novooleksiivka ore occurrence. 

Studies of the mineral composition of thorium-uranium ores in albitites are necessary for the 
development of a technological scheme for processing ores of this type, which are not currently being 
mined in Ukraine. The results of the study of the chemical composition of torite, uranotorite, 
ferritorite from the albitites of the Novooleksiivka ore occurrence are published (Mihalchenko et al, 
2019). However, of particular interest was the detection of unrecognized thorium-calcium-uranium 
silicate in ore albitites, as it is the main concentrator of uranium and thorium in this ore. 
 
Method and/or Theory 
 

Polished preparations previously studied by optical microscopy. The chemical composition of the 
minerals and the microstructural features of the rocks were investigated in the laboratory of the 
Educational Scientific Institute "Institute of Geology" of Taras Shevchenko National University of 
Kyiv using a REMMA-202 scanning electron microscope with a Link Systems energy dispersive X-
ray spectrometer.  Results of the study presented at the form of black and white digital images of 
polished samples surface in reflected electrons using COMPO regime. Quantitative determination of 
mass fractions of chemical elements was performed for points (locality up to 5-7 microns) visually 
anchored to electron microscopic images. Using standard modes of spectrum acquisition (20 kV 
acceleration voltage, 100s  measurement time), a detection limit of the chemical elements of not less 
than 0.1 wt. % and accuracy of calculation of concentration by the method of ZAF correction not 
worse than 5 relative % (control - on standards and samples of minerals). 
 
Results of investigation 
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Calcium-thorium-uranium silicate is observed in the form of brown crystals of irregularly shaped 
glass glitter, the size of which, in the vast majority of cases, are much larger than size of torites of 
non-metallic albitites. The color in a thin section specimen is yellow-brown. In crossed nicols - 
isotropic. A characteristic feature is the presence of cracks in the middle of the crystals (Fig.) It is 
likely that the mineral is now metamictic. 

The chemical composition of mineral is presented in table. The main components of the chemical 
composition of the mineral are UO2, SiO2, ThO2, CaO. The usual impurities are FeO, Y2O3, Al2O3, 
BaO. The w(PbO) in the different crystals vary within (3.05-11.6) %. The chemical composition of 
the mineral is not constant, apparently due to significant epigenetic transformations. The signs of 
which are manifested of the presence of reaction boundaries with the epidote (the latter seems to be 
"eating" this radioactive mineral), transformations in region of boundaries with the albite, of the 
presence of numerous cracks, which are filled with uranium black with a significant impurity Pb. 

Table. Chemical composition of undiagnosed calcium-thorium-uranium silicate from thorium-
uranium ore albitites from borehole No. 63012 of the Novooleksiivka ore occurrence. 

Analysis Mass fraction, % 

number SiO2 TiO2 ZrO2 ThO2 UO2 Al2O3 Y2O3 MnO MgO FeO CaO PbO BaO Νa2O K2O 

1-5 20,85 <0,1 1,52 12,1 36,02 1,36 2,4 <0,1 1,46 5,96 11,45 3,8 2,34 - 0,74 

2-1 17,79 <0,1 0,26 17,1 40,34 0,44 2,4 <0,1 <0,1 1,68 13,01 3,86 3,06 - <0,1 

3-1 9,56 <0,1 <0,1 12,61 52,57 0,28 1,32 <0,1 <0,1 2,69 12,18 3,91 4,59 - 0,3 

3-8 16,99 <0,1 0,88 16,99 40,16 1,56 3,29 <0,1 0,88 1,29 11,99 4,6 1,37 - <0,1 

3-7 17,68 <0,1 0,05 25,6 27,75 1,38 2,71 <0,1 0,8 8,57 9,92 4,59 0,96 - <0,1 

3-6 17,46 <0,1 0,12 13,69 45,36 1,41 2,46 <0,1 0,66 1,04 11,88 4,39 0,96 - 0,57 

3-5 17,97 <0,1 0,34 18,71 37,98 0,83 1,6 <0,1 <0,1 2,07 13,44 4,22 2,47 - 0,36 

3-3 13,71 <0,1 0,12 18,05 46,98 0,66 1,78 <0,1 <0,1 1,97 12,21 3,05 1,45 - <0,1 

3-2 17,19 <0,1 0,44 23,88 35,84 0,49 1,54 <0,1 <0,1 3,04 12,72 4,36 0,45 - 0,04 

4-2 16,84 <0,1 0,50 9,64 48,16 1,52 3,00 <0,1 0,51 1,24 12,8 3,83 1,86 - <0,1 

9-4 19,54 <0,1 <0,1 5,80 49,56 0,8 3,11 <0,1 0,11 0,5 8,5 11,60 0,47 - <0,1 

1-1 16,94 0,67 <0,1 15,89 45,46 0,6 - 0,2 <0,1 1,23 13,4 5,56 <0,1 <0,1 - 

10-2 18,85 <0,1 <0,1 18,10 42,00 1,09 2,52 <0,1 <0,1 0,5 12,56 4,24 <0,1 <0,1 - 

10-3 12,11 0,45 <0,1 15,59 50,89 <0,1 0,37 <0,1 <0,1 0,58 12,07 4,32 <0,1 3,61 - 

10-4 17,44 0,46 <0,1 19,00 39,18 0,34 1,82 0,11 <0,1 2,71 12,03 4,34 <0,1 2,57 - 

10-5 18,98 0,38 <0,1 13,38 44,95 0,67 1,95 <0,1 <0,1 1,37 12,34 3,72 <0,1 2,27 - 

 
These PbO (Pb - obviously radiogenic) values give rise to the assumption that U6+ is in 

composition of mineral (oxidation of primary U4+ due to the recovery of radiogenic Pb4+ to Pb2+). It 
should be noted that the unrecognized fine phase of Pb is quite common in these ore albitite samples. 
Significant epigenetic transformations of calcium-thorium-uranium mineral with reconstructed 
leaching from it of Pb and U will not allow to obtain reliable estimation of age of formation of this 
mineral (as well as rock as a whole) by the uranium-lead method. 

Radioactive minerals with UO2, SiO2, ThO2, CaO are known now: Calciothorite 
(Th,Ca2)SiO4∙3.5H2O, chemical composition (wt, %) SiO2 – 21.09, ThO2 – 59.35, Al2O3 – 1.02, Ce2O3 
– 0.39, Mn2O3 – 0.73, Y2O3 – 0.23, CaO – 6.93, MgO – 0.04, Na2O – 0.67, Ign. – 9.39, Total – 99.84 
(Frondel, 1958); Nenadkevite (U4+, Y, Ce, Th)U6+,(Ca, Mg, Pb)[SiO4]2[OH]4∙nH2O, сhemical 
composition of Nenadkevites from uranium ore of Zhovta Richka deposit (wt, %): UO3 – 66.10, SiO2 
– 12.55, ThO2 – 0.34, Fe2O3 – 2.85, TR2O3 – 0.70, MgO – 0.7, CaO – 4.04, PbO – 7.42, H2O – 5.74; 
UO3 – 38.50, SiO2 – 20.25, ThO2 (traces), Fe2O3 – 5,74, TR2O3 – 0.63, MgO – 11.08, CaO – 8.30, 
PbO – 7.00, H2O – 8.71 (Polikarpova, 1957); Uranophane Са[UO2(SiO3OH)]2∙5Н2O, chemical 
composition (wt, %): CaO – 6,55; UO3 – 66,80; SiO2 – 14,03; H2O – 12,62 (Frondel, 1958). In 1980, 
the chemical compositions of coffinites from Grachevsky Uranium ore field, Northern Kazakhstan 
uranium Province, were published (wt, %): SiO2 – 16.00, U3O8 – 72.4, ThO2 – 7.9, CeO2 – 0.1-0.4, 
Y2O3 – 0.2, CaO – 3.0, CeO2 – (0.1-0.4) – Grachevsky Uranium ore deposit; SiO2 – 20.00, TiO2 – 0.1, 
ThO2 – 0.1, CeO2 – 2.2, U3O8 – 70.0, Fe2O3 – 0.6, CaO – 5.0, PbO – 1,0 – Kosachinoye Uranium ore 
deposit (Birka et al, 1980). Information on calcium-bearing uraninite in the albitites of the Kirovograd 
metallogenic region was given in (Belevtsev et al, 1995). 
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Figure 1. Thorium-uranium ore albitites of the Novooleksiivka ore occurrence. a-e – epigenetically 
transformed calcium-thorium-uranium silicate (CaThUSi); f – site of intensively manifested 
secondary mineralization of uranium through cracks. The points indicate the locations of 
measurements of the chemical composition of the minerals, the numerical designation is the analysis 
number (see tab.). Abbreviations of mineral names: ab – albite, q – quartz; cl – chlorite, ep – epidote; 
sph – titanite, zr – zircon, tor – torite, hm – hematite. U – unrecognized secondary uranium minerals 
(uranium black?) in crack. 
 

The detected calcium-thorium-uranium silicate differs by high w of ThO2, CaO, Y2O3 from 
Calciothorite, Nenadkevite, Uranophane, Coffinite, and a high content of UO2, CaO, Y2O3 from 
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Calciothorite. Probable crystal-chemical formula of calcium-thorium-uranium silicate is (Ca2, U, Th,) 
[SiO4]∙nH2O. In the case of proving that this silicate is a new mineral, it is proposed to call it 
calciotorouranite. The existence of an isomorphic series of calciotorite-calciocoffinite (the latter is not 
yet known) is assumed. 

 
Conclusions 
 
1. The main chemical components of calcium-thorium-uranium silicate, which we found in the ore 
albitites of the Novooleksiika ore, are UO2, SiO2, ThO2, CaO. 
2. The probable crystal-chemical formula of calcium-thorium-uranium silicate is (Ca2, Th, U) [SiO4] ∙ 
nH2O. 
3. In the case of proving that this calcium-thorium-uranium silicate is a new mineral, it is proposed to 
call it calciumtorouranite. 
4. The existence of an isomorphic number of calciotorite-calciocoffinite is assumed. 
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