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Abstract
Relevance. Phosphate mineralization of Devonian intrusions in the Eastern zone of the Middle Urals is currently
poorly understood, the data obtained may be important for interpreting the origin of rocks, especially in the case
when standard methods of geochemical analysis of rocks do not give a clear picture. Xenotime and monazite are
minerals concentrating rare earth elements, and REE distribution graphs are a very important characteristic of rocks.
Objective - study of the chemical composition of phosphates in leucogranites of the Peshcherninsky stock.
Research methodology. Determination of the chemical composition of the samples was carried out on a Cameca
SX100 electron probe microanalyzer at the Common Use Center Geoanalyst, analyst V. A. Bulatov. The analysis was
carried out at an accelerating voltage of 15 kV using crystal analyzers TAP, LPCO, LPET, PET, LLIF, LIE. The electron
probe current was 10 nA (apatite) and 60 nA (REE, Th phosphates). The pulse accumulation time at the peak max-
imum was 10 s (for most elements) and 20 s (for REE, Th, U, Pb). During the analysis, on a Cameca SX100 electron
probe microanalyzer, the following were used as standards: apatite (for analysis of the content of P, Ca), chlorapatite
(Cl), fluorine-phlogopite (F), diopside (Mg, Si), albite (Na, Al), orthoclase (K), rhodonite (Mn), SrSO, (Sr), TiO, (Ti),
Fe O, (Fe), SrSO, (Sr), BaSO, (S), Cr,0, (Cr), pyromorphite (Pb) and aluminosilicate glasses doped with REE (La,
Ce, Y, Sm, Pr, Nd, Th, U, Tm, Eu, Tb, Dy, Gd, Er, Yb, Lu, Ho). Due to the use of a low probe current in the analysis
of apatites, the detection limits for elements were: 300-600 ppm for S, Cl, Al, Mg, Si, Ca, Na and 2000-2500 ppm for
P, F, Fe, Mn, Cr. For REE phosphates, the following detection limits were achieved using an increased probe current:
100-200 ppm for Si, Ca, Cr, K, Al, Mg, Ti, Pb, 300-500 ppm for Na, S, P, Mn, Y, Th, U, 1200-1500 ppm for Sr, Nd, Ce,
1700-2000 ppm for La, Tm, Tb, 2500-2800 ppm for Yb, Dy, Lu, Pr, 3500-4700 ppm for Eu, Sm, Gd, Ho.
Results. For the first time in Russia, cheralite was found and described in a plutonic rock. The article presents the first
data on the chemical composition of phosphates (apatite, monazite, xenotime, cheralite) from the leucogranites of
the Pescherninsky stock, which formed at the final stage of the formation of the polychronous and polyformational
Reftinsky gabbro-granitoid massif.
Conclusion. Apatite belongs to the fluorine variety with an admixture of manganese, monazite is represented by the
cerium variety, and xenotime is represented by yttrium. Cheralite has a transitional trace element composition, and
depending on the zone, it can be attributed to both cerium and yttrium varieties. The admixture of manganese in
apatite may indicate partial mixing of the melt with sedimentary or metasedimentary rocks.

Keywords: fluorapatite, monazite-(Ce), xenotime-(Y), cheralite, leucogranite, Reftinsky massif, Middle Urals.

Introduction

Phosphates are quite common in rocks, a striking example
of this is apatite, the chemical composition of which can
vary greatly depending on the conditions of formation of
the rock. In particular, xenotime and monazite are minerals
concentrating rare earth elements. In the chemical analysis
of rocks, distribution diagrams of rare earth elements are
often used to characterize rocks [1]. Therefore, the study of
accessory mineralization can provide additional useful in-
formation about the genesis of rocks (in combination with
other features).

The article presents the first data on the chemical compo-
sition of phosphates (apatite, monazite, xenotime, cheralite)
from the leucogranites of the Pescherninsky stock, which
formed at the final stage of the formation of the polychro-
nous and polyformational Reftinsky gabbro-granitoid massif.

Cheralite is a rare mineral from the monazite group.
Cheralite was first described in a pegmatite dyke at Kuttankuli,
Kerala, India [2]. In Russia, cheralite was identified as a bis-
muth-bearing brabantite in the rare-metal pegmatites of the
Lipovsky mines in the Middle Urals [3]. In 2006, brabantite as
a mineral was abolished; since then, it has been synonymous
with cheralite [4]. Two more finds of cheralite were made in the
Urals. It was discovered in the beresites of the Berezovsky gold
deposit [5], and also described in the ores of the Mikheevsky
porphyry copper deposit, Southern Urals [6].

The author discovered cheralite in the leucogranite of the
Pescherninsky stock; up to this point, no information about
the finds of cheralite in plutonic rocks has been published in
Russia yet. There is an assumption that, despite its rarity, the
mineral is quite common, especially for rocks of granite com-
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position. But the poor knowledge of accessory mineralization
and the tiny size of crystals currently make cheralite a rather
exotic mineral.

In world practice, this mineral has already been found
in plutonic rocks. An example of one of these finds is the
article on the Australian granites of God’s Lake, in one of
the largest plutons, in the western part of the Lakhan fold
belt [7]. These granites are of Devonian age and belong to

A. A. Koposun / Hssecmus YITY. 2023. Bun. 1(69). C. 13-21

S-type granites. This article compares the chemical compo-
sition of cheralite from God’s Lake with cheralite from the
Pescherninsky stock.

Brief geological description. The Reftinsky gabbro-gran-
itoid massif is one of the largest areas of magmatism on the
eastern slope of the Middle Urals. It is located within the east-
ern margin of the Middle Ural segment of the Ural mobile belt.
The Reftinsky massif is polychronous and polyformational; it
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Figure 1. Geological scheme of the Reftinsky massif (compiled on the basis of the State geological map at a scale of 1

: 200,000 [15]

with minor corrections by the author). The position of the Pescherninsky stock is indicated by a rectangle; 7-3 — Devonian intrusions:
71— granitoids (yD,), 2 - diorites (8D, ), 3—gabbro (vD,); 4-7 — Reftinsky complex: 4 — plagiogranites (pyS,), 5 — quartz diorites and tonalites (q3S,),
6 — gabbro (vS,); 7 — complex of parallel dolerite dikes (V); 8 — rocks of ophiolite association, Alapaevsky dunite-harzburgite-gabbro complex
PucyHok 1. Neonornyeckas cxema PecbTHCKOro maccmBa (coctaBneHa Ha ocHoBe [ocyaapCTBEHHOW reoniorMvyeckon KapTbl MacluTa-
6a 1 : 200 000 [15] c HE3HAYUTENbLHBLIMU YTOYHEHUsIMU aBTopa). MonoxeHue lNMeLwepHUHCKOro WToKa 0603HA4Y€HO NPSIMOYTOfIbHUKOM;
1-3 — AieBOHCKME MHTPY3uu: 1 —rpanuTouasbl (YD,), 2 — anoputsl (8D, ), 3 —rab6po (vD,); 47 — PedpTuHCKMI KOMNIeKe: 4 — nnarnorpannTsl (pyS,),
5 — kBapueBble AMOPUTLI 1 ToHaNUTbLI (98S,), 6 — rabbpo (VS,); 7 — KOMMNeKe napasnenbHbIX 4onepuToBbix Aaek (V); 8 — nopoabl 0hronmToson
accoumnaummn, Ananaesckuii LyHUT-rapubyprut-rabbpoBbI KOMMNIEeKC
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Table 1. Chemical composition of apatite from leucogranites of the Pescherninsky stock, wt. %
Ta6nuua 1. XuMuyeckuit coctaB anaTuTa U3 nemkorpaHuToB lNelepHMHCKOro Wwroka, Mac. %
. Analysis number
Oxides
1 2 3 4 5 6 7 8 9 10
SO, 0,10 0,11 0,21 0,19 0,09 - 0,17 0,10 0,09 0,11
PO, 40,88 40,60 41,54 41,43 41,32 41,31 41,62 42,59 42,17 42,57
SiO, 0,26 0,23 0,22 0,15 0,12 0,15 0,12 0,14 0,13 0,09
FeO 0,99 0,77 1,28 1,25 - 0,17 0,58 0,20 0,23 0,28
MnO 0,97 1,05 0,93 0,92 1,27 1,16 1,34 1,09 1,31 1,48
CaO 54,87 54,33 54,24 54,31 54,96 54,78 53,27 53,60 53,72 53,14
Na,O 0,27 0,37 0,29 0,27 0,17 0,16 0,28 0,27 0,22 0,22
K,O - - - - 0,27 0,33 - - - -
F 3,11 2,94 3,07 3,00 3,19 3,51 3,15 3,13 3,16 3,18
Cl 0,12 0,13 0,12 0,12 0,12 0,13 0,23 0,21 0,17 0,19
Total 101,57 100,53 101,90 101,64 101,50 101,70 100,76 101,33 101,20 101,26
Crystal chemical formulas
1 (C 493’Mn0 07’F 007’NaO 04)5 " (P2 QB’SIO 02’80,01)2,99012.001(':0 84’CIO 02)0.86
2 (C 499’Mn0 OB’F 006’Na0 06)5 19 (PZ 95? 002’80.01)2.98012,00](F0 80’ 002)0,82
3 (Ca4,90’F 009’Mn0 07'Na0,05)5,11 (PZ 97’S|0 02’80,01)3,00012.OO](F0 82’C|0 02)0.84
4 (Ca4,92’F O,OQ’MnO 07’Na0 04)5 12[(P2 97’S|0 01’SO,01)2,99012,00](FO,SO’CIO,OZ)O,SZ
5 (C MnO 09‘K0 03’ NaO 03)5,13[(P2 96’ 001‘ 0O1)2,98012,00](F0,85’C|0,02)0,87
6 (Ca4 96’ 008’K0 04‘Na0 03’FeO 01)512[(P2 BB‘SIO 01)2 97 T 12 00](F0 947 002)0 96
7 (Ca4 BS’MnO1O’Na0 05’FeO 04)5 04[(P2 99’S|0 01’ 001)3 0112, 00](F0 SS’CIO 03)0 88
8 (CaA 83’ 0 Ds’NaO 04’ 0,01)4,96[(P3 03’ 0 01’ 0,01 )3,05 12.00](F0,83’ 0,03)0,86
9 (Ca4 86’ 0 DQ’NaO O4’Fe0,02)5.00[(P3,01 ’S|0,01 ’80,01 )3,03012.00](F0,84’C|0,02)0.86
10 (Ca 11’NaO‘04‘FeO,UZ‘)4,96[(P3,03’Si0,01’SO,01)3,05012,00](F0,85’CI0,03)0,88

has a complex structure [8-12]. Its western half is composed
of plagioclase granitoids (quartz diorites, tonalites, trondh-
jemites) [13], which are intruded by small plutons composed
of potassium-sodium granitoids; some bodies also contain
rocks of basic and intermediate composition, it is assumed that
they are of Devonian age [14]. In the eastern part of the massif,
there are two blocks composed of Early Silurian hornblende
gabbro of the Reftinsky complex. These blocks are separated
from plagioclase granitoids by a band of rocks of the ophiolite
association (gabbroids of the layered part of the section and
a complex of parallel dolerite dikes), apparently of Vendian
age [15].

The author studied phosphate mineralization (apa-
tite, monazite, xenotime, cheralite) from granitoids of the
Pescherninsky stock (fig. 1), which intrude quartz diorites and
tonalites of the Reftinsky complex. The Pescherninsky stock is
composed of fairly homogeneous leucogranites, which contain
aplite veins. For research, samples of leucogranite were tak-
en on the right bank of the Peshchernaya River, at its mouth.
The coordinates of the sampling point on the GPS receiver are
57°07.069' north latitude, 61°36.286' east longitude.

The leucogranites of the Pescherninsky stock are fine-me-
dium-grained, quartz-feldspar rocks with biotite, have a hyp-
idiomorphic-grained structure and a massive texture. Accesso-
ry phosphate mineralization in granitoids occurs as euhedral
grains, as well as in intergrowths.

Chemical analysis of phosphates. According to its chem-
ical composition, apatite corresponds to fluorapatite, because
it contains from 2.94 to 3.51 wt. % fluorine, and chlorine var-
ies (0.12-0.23 wt. %). The content of the main elements of the
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formula varies — CaO (53.14-54.96 wt. %), P,O, (40.60-42.59
wt. %). In addition to the main elements included in the crys-
tal chemical formula of apatite, impurity elements were found
that are included in the position of calcium - these are such
as: MnO (0.92-1.48 wt. %), FeO (0.17-1.28 wt. %), Na,O
(0.16-0.37 wt. %), in a separate case, an impurity of K,O ap-
pears (0.27-0.33 wt. %). In the position of phosphorus, there is
an insignificant admixture of SiO, (0.09-0.26 wt. %) and SO,
from 0.09 to 0.21 wt. % (table 1).

It is assumed that variations in the chemical composition
of apatite depend on the stage of the onset of crystallization
of the mineral and the matrix in which it was enclosed. On
fig. 2, a, apatite composes euhedral grains captured by magne-
tite, up to 100 microns in size. In the crystal chemical formu-
la of apatites, elevated iron contents are observed, points 1-4
(table 1). Fig. 2, b shows a transverse hexagonal section of an
apatite crystal, up to 20 microns in size, which is located in
potassium feldspar, points 5, 6 (a perthite plagioclase ingrowth
is observed to the left of the grain). If you look at the crys-
tal chemical formula of apatite in Fig. 2b, you can notice its
distinctive feature — the presence of potassium, which is not
found in other crystals in the analyzed section. Intergrowths
of apatite with monazite are observed in the rock (fig. 3, a), in
the figure we see two apatite grains, one of them is located on
the left side of the figure in the biotite matrix in close proximity
to monazite. The second grain is located on the right side of
the presented image, has an intergrowth with a grain of ilmen-
ite, monazite, and biotite, being in a plagioclase matrix (fig.
3, a). Data on the crystal chemical composition are presented
in table 1.
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Figure 2. Apatite from leucogranites of the Pescherninsky stock: a — apatite and zircon inclusions in magnetite; b — apatite grains in potas-
sium feldspar; the numbers indicate the points corresponding to the chemical analysis numbers in table 1; symbols (hereinafter): Ap — apatite,
Mag — magnetite, Zrn — zircon, Pl — plagioclase, Kfs — potassium feldspar; photo in reflected electrons, CAMECA SX 100

PucyHok 2. Anatut u3 nenkorpaHutoB lMeLlepHUHCKOro LWITOKA: a — BKIOYEHNS anatuta u UMpKoHa B MarHeTuTe; 6 — 3epHO anatuTa B Ka-
NMeBOM NOfieBOM LunaTe; umdpamm o603Ha4YeHbl TOYKU, COOTBETCTBYIOLLIME HOMEPaM XMMUYECKOro aHanunsa B Tabn. 1; ycrnoBHble 0603HaveHns
(3gecb n panee): Ap — anatut, Mag — marHeTuT, Zrn — umMpkoH, Pl — nnarnoknas, Kfs — kanveBbli nonesoi Wwnat; hoTo B OTPaXKeHHbIX 3MEKTPOHaXx,

CAMECA SX 100

Ap

10 75 BES

N

100um

20kV X140

20kV X850  20pm 1175 BES

Figure 3. Monazite from leucogranites of the Peshcherninsky stock: a — monazite in association with apatite and ilmenite in a biotite matrix;
b — monazite in a biotite and plagioclase matrix; the numbers indicate the points corresponding to the numbers of chemical analysis in tables 1,
2; symbols (hereinafter): Mnz — monazite, Bt — biotite, Ilm — ilmenite; photo in reflected electrons, CAMECA SX 100

PucyHok 3. MoHauuT 13 neikorpaHuToB lMellepHUHCKOrO WTOKA: @ — MOHALMT B accoLmaLym ¢ anaTuTom 1 UIbMEHUTOM B MaTpuLe 61otuTa;
6 — MoHauuT B MaTtpuue BruoTuTa 1 nnarvoknasa; umdpamu 0603HaveHbl TOYKU, COOTBETCTBYHOLLME HOMEPAM XUMUYECKOro aHanusa B Tabn. 1,
2; ycrnoBHble 0603Ha4eHust (3geck 1 ganee): Mnz — moHaumT, Bt — 61MoTuT, llm — unbMeHnT; hoTo B OTpaxeHHbIX anektpoHax, CAMECA SX 100

Monazite, in the leucogranites of the Pescherninsky stock,
forms elongated and rounded individuals up to 180 pm in size.
Some crystals have intergrowths with apatite. According to the
chemical composition, monazite belongs to the cerium variety,
the content of the main rare earth elements varies, according
to Ce,O, from 25.58 to 29.05 wt. %, La O, (10.71-15.21 wt.
%), Nd,O, (9.83-11.84 wt. %. There is also a small propor-
tion of impurities of the following elements: UO, (0.04-0.51
wt. %), ThO, (5.14-7.06 wt. %), YbO, (0.04-0.25 wt. %),
Tm,0, (0.01-0.12 wt. %), Dy,0, (0.11-0.88 wt. %), Gd,O,
(0.96-1.99 wt. %), Eu,0, (0.04-0, 26 wt. %), Sm,0, (1.13-2.36
wt. %), Pr,0, (2.99-3.79 wt. %), Y,0, (1.14-3.47 wt. %), PbO
(0.09-0.15wt. %),SrO (0.20-0.25wt. %), MnO (0.56-0.70wt. %),
CaO (0.63-1.11 wt. %). The content of phosphorus oxide has
slight variations from 28.14 to 29.88 wt. %, as well as the admix-

ture of SiO, (0.53-1.17 wt. %) in position P. Monazite crystals
located within one biotite lath (fig. 3, a), do not have any special
differencesin their crystal chemical composition, aswell asafine
cross section of a monazite grain in fig. 4, a (table 2). If we com-
pare the composition from monazite grains at points (1-5, 8)
with analyzes from points (6, 7) in the crystal in fig. 3, b, then
there are small differences, because at points (6, 7), the content
of Ce and La decreases. Monazite from the biotite matrix (fig.
3, a) has the highest contents of Ce and La (table 2, an. 5).
Xenotime is rather rare in leucogranites of the Peschern-
insky stock, mainly in intergrowths with zircon (fig. 4, b).
According to chemical analysis, xenotime belongs to the yt-
trium variety, the content of Y,0, is about 45.82-48.30 wt. %,
and there are also impurities of such lanthanides as: Gd,0,
(3.84-4.95 wt. %), Dy,0, (3.89-4.42 wt. %), Yb,0, (4.00-4.38
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Figure 4. Monazite and xenotime from leucogranites of the Pescherninsky stock: a — monazite in a plagioclase matrix; b — intergrowth
of zircon and xenotime in a K-feldspar matrix at the boundary with a perthite plagioclase ingrowth; the number 8 indicates the point that corre-
sponds to the analysis in table 2; the numbers 1, 2, 3 indicate the points corresponding to the chemical analysis numbers in table 3; symbols:
Xtm — xenotime; photo in reflected electrons, CAMECA SX 100

PucyHok 4. MoHauuT u KCeHOTUM U3 nenkorpaHuToB lelepHUHCKOro WToKa: @ — MOHaUMT B MaTpuLe nnarvoknasa; 6 — CpocTok LiMpKoHa
M KCEHOTMMa B MaTpuLie Kanuiinarta Ha rpaHule ¢ NepTUToBbIM BPOCTKOM Mrarvoknasa; umdgpon 8 obosHaveHa Touka, kKoTopas COOTBETCTBYET
aHanuay B Tabn. 2; undpamu 1, 2, 3 0603Ha4YeHbI TOYKU, COOTBETCTBYHOLLME HOMEPAM XMMUYECKOro aHanun3a B Tabn. 3; ycnoBHble 0603HaYeHus:

Xtm — kceHOTUM; hOTO B OTpaKeHHbIX anekTpoHax, CAMECA SX 100

Figure 5. Cheralite with monazite in biotite from leucogranites of the Pescherninsky stock: a — cheralite in a biotite matrix; b — distribution
map of the elements Y, Th, and Ce and their content in cheralite; number 9 indicates a point that corresponds to the analysis in Table 2; symbols:
Cher — cheralite; photo in reflected electrons, CAMECA SX 100

PucyHok 5. Yepanut ¢ MoHauutoMm B 6uotute M3 nerikorpaHuToB lMellepHUHCKOroO WTOKa: @ — YepanuT B mMatpuue 6uotuta; 6 — kapTa
pacnpeneneHus anemeHToB Y, Th, Ce 1 ux cogepxxaHue B Yepanute; umdpon 9 o6o3HaveHa Touka, KoTopasi COOTBETCTBYET aHanunay B Tabn. 2;

yCnoBHble 0603HauyeHus: Cher — yepanuT; oTo B OTpaxeHHbIX anekTpoHax, CAMECA SX 100

wt. %), Er 0, (3.47-3.56 wt. %), Tm O, (0.58-0.97 wt. %). %),
(3.89-0.01 wt. %). The content of phosphorus oxide has slight
variations from 31.85 to 33.22 wt. %, as well as the SiO, im-
purity (0.52-0.82 wt. %) in position P. UO, (0.16-0.61 wt. %)
ThO, (0.09-0.35 wt. %), CaO (0.13-0.22 wt. %).

A tiny cross section of cheralite grains up to 15 microns
in size associated with monazite was found in the biotite
grain matrix (fig. 5, ). This mineral is a rare calcium-thorium
phosphate from the monazite group. According to the chem-
ical composition, it mainly belongs to the cerium variety, the
analysis data are given in table 2, under number 9. Cheralite
from the leucogranites of the Pescherninsky stock in compari-
son with cheralite from the granites of God’s Lake (Australia),
where it was also found in the biotite matrix, has, according to
a chemical composition, two times lower content of rare earth

elements. However, the content of thorium oxide is twice that
of cheralite from God’s Lake [7]. In the photographs after map-
ping chemical elements, we observe the zoning of the mineral,
cerium tends to the central part of the cheralite grain, and yt-
trium is concentrated in its marginal parts, and as a result, it
passes from the cerium variety to the yttrium one as it crystal-
lizes from the melt. Thorium also has a slightly higher content
in the center of the grain, then it is evenly distributed (fig. 5, b).
The presence of rare earth elements in its composition speaks
in favor of the magmatic origin of this mineral.

Discussion of the obtained data

In the leucogranites of the Pescherninsky stock, apatite is
represented by a fluorine variety, the main impurity element of
which is manganese. In the 2018 article by A. Shushkevich et
al. [16], the authors talk about the genesis of manganese-rich
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Table 2. Chemical composition of monazite from leucogranites of the Pescherninsky stock, wt. %
Tabnuua 2. XuMuyeckuin coctaB MOHauuTa 13 nerkorpaHuToB MewepHUHCKOro WToka, mac. %

Oxides

Analysis number

1 2 3 4 5 6 7 8 9
P,O, 29,14 28,90 28,23 28,45 28,14 28,89 28,89 29,88 28,51
uo, 0,42 0,51 0,39 0,06 0,04 0,06 0,08 0,20 -
ThO, 7,03 5,41 6,49 5,79 5,14 7,05 7,06 5,60 41,38
SiO, 0,72 0,54 0,76 0,68 0,87 0,95 1,17 0,53 1,4
Yb,0, 0,13 0,21 0,10 0,05 0,16 0,25 0,08 0,04 0,31
Tm,O, 0,05 0,01 0,03 0,05 0,07 0,02 0,12 0,11 0,24
Dy,O, 0,82 0,88 0,65 0,63 0,11 0,83 0,83 0,51 0,47
Gd,0, 1,49 1,11 0,98 1,07 0,96 1,99 1,56 1,04 0,57
Eu,0, 0,13 0,08 0,10 0,17 0,15 0,08 0,31 0,54 -
Sm,0, 3,50 3,19 2,96 3,71 2,37 4,55 4,95 3,52 1,76
Nd,O, 10,12 10,23 9,83 11,03 10,62 11,84 11,81 10,12 3,1
Pr,0, 3,20 3,54 2,99 3,34 3,35 3,79 3,43 3,10 0,85
Ce O, 25,95 26,98 27,40 27,80 29,05 25,58 25,85 27,32 6,96
La,0, 13,19 14,05 14,62 12,60 15,21 10,71 11,09 14,31 3,73
Y,0, 3,05 3,05 2,58 2,32 1,14 3,47 2,92 2,26 1,56
PbO 0,15 0,13 0,13 0,09 0,11 0,13 0,11 0,13 0,14
SrO 0,22 0,21 0,20 - 0,25 - 0,20 0,22 0,41
MnO 0,58 0,56 0,61 0,61 0,62 0,70 0,69 0,61 0,15
Ca0O 1,07 0,90 0,72 0,82 0,63 0,79 1,06 1,11 8,22
Total 100,96 100,49 99,77 99,27 98,99 101,68 102,21 101,15 99,77
Crystal chemical formulas
1 (Ceo,39‘La0,20‘Nd0,15’Y0,07‘PrO,OS’SmO,Oa’ThO,Oa’CaO.OZ’GdO,DZ’DyO,m’Mn0‘01)0,98[(P1.01’Si0,01)1‘0204,00]
2 (CeO,AO‘La0,21‘Nd0,15’Y0,07‘PrO,OS’ThO,O3’SmO,OZ’CaO.OZ’GdO,DZ’DyO,m’Mn0‘01)0,99[(P1,00’Si0,01)1,0104,00]
3 (Ceo,41 ‘LaD,ZQ‘Nd0,15’Y0,06‘Pr0,05’Th0,03’SmO,OZ’CaO.OZ‘GdO,m’Dy0,01’Mn0‘01)0,99[(P0,99’Si0,02)1,01o4,00]
4 (CeO,AO‘LaO,21‘Nd0,15’Y0,05‘Pr0,05’SmO,OS’ThO,OS’CaO.OZ‘Gd0,01’Dy0,01’Mn0‘01)0,97[(P1,02’Si0,01)1,0304,00]
5 (CeO,AZ‘LaO,19‘Nd0,16’Y0,05‘Pr0,05’Sm0,03’Th0,03’CaO,02‘Gd0,01’Dy0,01’Mn0‘01)0,98[(P1,00’Si0,01)1‘0104,00]
6 (Ce0,38‘Nd0,17’La0,16’Y0,08‘PrO,OG’SmO,OS’Th0,03’Gd0,03‘CaO,OZ’DyO,m’Mn0‘01)0,98[(P1,OO’Si0,02)1‘0204,00]
7 (CeO,SS‘NdO,17’LaO,17’Y0,06‘PrO,OS’SmO,OA’ThO,OS’GdO,UZ‘CaO,OZ’DyO,m’Mn0,01)0,96[(P1,OO’Si0,02)1,0204,00]
8 (Ceo,44’LaO,ZS‘Nd0,16’PrO,US‘YO,OS’SmO,OZ’ThO,OZ’CaO,m ‘Gd0,01’Mn0,01)0,98[(P0,99’S|0,02)1,0104,00]
9 (ThO ZZ’CaO zo'Ceo 12‘La0 06’ NdO 05‘Y0 04’ DyO 01 ‘GdO 01 ’SmO 01 ’PrO 01 ‘SrO 01)0 73[(P1 12‘S|0 03)1 1504 00]

Table 3. Chemical composition of xenotime from leucogranites of the Pescherninsky stock, wt. %
Tabnuua 3. XumMnuyeckum coctaB KCeHOTUMA U3 nerikorpaHuToB lMelwepHUHcKoro wroka, mac. %

Analysis number

Oxides
1 2 3
PO, 33,22 31,90 31,85
uo, 0,16 0,61 0,59
ThO, 0,71 0,78 0,66
TiO, 0,35 0,09 0,15
SiO, 0,52 0,54 0,82
Yb,0, 4,07 4,38 4,00
Tm,O, 0,64 0,97 0,58
Er,0, 3,51 3,56 3,47
Dy,O, 3,89 4,42 4,10
Gd,0, 4,15 4,95 3,84
Y,0, 48,30 46,62 45,82
CaOo 0,22 0,17 0,13
Total 99,74 98,99 96,01
Crystal chemical formulas

(Yo,87’Gd0,05' Dy0,04'Ybo,o4*Er0,04'Tm0,o1)1,05[(P0,95*Sio,o1 )0,9604,00]

2 (Yo.ae’Gdo,os’ Dyo,os'Ybo,os‘Er0,04'Tm0,01)1,07[(P0,94‘Si0,01 )0,9504,00]

3 (YO.BG’Dy0,05’Gd0,04’Yb0,04‘Er0,04’Tm0,01 )1,04[(PO,95‘Si0,01 )0,9604,00]

18 D. D. Korovin. Phosphate mineralization in leucogranites of the Peshcherninsky stock (Reftinsky massif, Middle Urals)//W3BecTun

YITY.2023.Bbin. 1(69). C.13—21.DO0110.21440/2307-2091-2023-1-13-21



D. D. Korovin / News of the Ural State Mining University, 2023, issue 1(69), pp. 13-21

apatites in pegmatites. They describe the specific geotectonic
position of this pegmatite, which is located at the boundary of
crustal and oceanic rocks in the central part of the Sudetensky
accretionary complex, which is a decisive factor involved in
creating a favorable environment for the melting of metased-
imentary rocks, which became the source of melt for these
pegmatites [16]. In other words, the presence of manganese
is a characteristic feature for sedimentary and metasedimen-
tary rocks. The presence of an admixture of manganese in the
apatites of the Pescherninsky stock may indicate that during
intrusion there was a partial mixing of the initial melt with the
crustal substance and its assimilation.

Intergrowths of xenotime with zircon are observed in
the rock, it is assumed that these minerals are among the first
to crystallize from the melt, controlling heavy rare earth ele-
ments, followed by crystallization of monazite group minerals,
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taking light rare earth elements. Apatite can crystallize at dif-
ferent stages of mineral formation; it occurs in rocks as inclu-
sions in magnetite, biotite, plagioclase, and potassium feldspar.

Thus, for the first time in Russia, cheralite was found
and described in a plutonic rock. In the leucogranites of the
Pescherninsky stock, apatite, monazite, and xenotime have
been identified and studied. Data on the chemical composi-
tion of minerals were obtained: apatite belongs to the fluorine
variety and contains an admixture of manganese, monazite
is assigned to the cerium (Ce) variety, and xenotime is as-
signed to the yttrium (Y) variety. Cheralite has a transitional
composition of the main impurity elements, from Ce to Y.
The order of crystallization of phosphates in leucogranite of
the Pescherninsky stock, as well as mineral associations: xe-
notime with zircon, cheralite with monazite, has been estab-
lished.

The studies were carried out within the framework of the State Assignment of the IGG UB of the Russian Academy of Sciences,
on the state budget topic “Tectonics, geodynamics, evolution and minerageny of structural-material complexes that arose during the
formation of the continental crust (using the example of the Paleozoic Ural-Mongolian mobile belt and the West Siberian plate)”
using equipment of the Common Use Center Geoanalyst of the IGG UB of the Russian Academy of Sciences. The retrofitting and
comprehensive development of the Common Use Center Geoanalyst of the IGG UB of the Russian Academy of Sciences is carried out
with the financial support of a grant from the Ministry of Science and Higher Education of the Russian Federation, Agreement no.
075-15-2021-680.
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docarHas MMHepaam3aumsi B AeKorpaHmtax [lemwepHMHCKOro mwroka
(PedptHCKMIM MaccuB, CpeaHuin Ypaa)

Omutpun OmutpueBuy KOPOBUH*

MHCTUTYT reonorum n reoxummm uM. akag. A. H. 3aBapuukoro YpO PAH, ExatepuHbypr, Poccus

AHHoTauusl
Axmyanvnocme. PocdaTHas MyHepanmM3anusa AeBOHCKUX UHTPY3uit BocTouHoit 30l CpepiHero Ypasa B HacTOA-
1jee BpeMsi c1abo 13ydeHa, IIOyYeHHble TaHHbIe MOTYT METh 3HaUYeHNe /IS MHTePIIPeTALUM IPOMCXOXKAEHNSI TOP-
HBIX IIOPOJI, 0COOEHHO B TOM CJTy4ae, KOTZIa CTAHAAPTHbIE METObI TeOXMIMITYECKOTO aHa/IN3a TOPHBIX IIOPOJ, He JAI0T
SCHON KapTMHBL. KCEHOTVM ¥ MOHALIUT ABJIAIOTCA MUHEpPalTaMI-KOHLIEHTPATOPaMU PefKO3eMe/IbHBIX 3/IEeMEHTOB,
a rpadumkm pacnpenenenns P39 ABIAIOTCA BecbMa BaXKHOM XapaKTepUCTUKOI TOPHBIX OPO.
Llenv pabomuvi — n3ydeHne XMMIIECKOTO cOCTaBa GpocaToB B JeiiKorpaHNTax IlemepHIHCKOro MTOKA.
Memooonozus uccnedosarus. OnpenesieHre XMMIUYECKOTO COCTaBa 00PasIOB BBIIIOTHEHO HA 9/IEKTPOHHO-30H/[0-
BoM MuKpoaHamusatope Cameca SX100 B LIKII «leoananutuk», anamutuk B. A. Bynaros. Ananms mpoBopuics
IIpM yCKOpsifoleM HanpsbKeHun 15 kB ¢ ucnonp3oBanmueM kpucramnos-aHanuszaropos TAP, LPCO, LPET, PET, LLIF,
LIF. Tok anexrponHoro 3ouga — 10 HA (amatut) n 60 HA (P339, Th ¢pocdaTsr). BpeMsa HaKoIIeHNA VIMITY/IbCOB B
MaKcuMyMe nuka coctaswio 10 ¢ (s 6onpimHcTBa 3neMenToB) u 20 ¢ (g P33, Th, U, Pb). Ilpu nposenenun
aHa/IM3a Ha 9/eKTPOHHO-30HAOBOM MuKpoaHammsaTope Cameca SX100 B kayecTBe CTaHJAAPTOB UCIIOIb30BAJIVICD:
amatut (/11 ananusa cogepxxanus P, Ca), xnopanarurt (Cl), rop-dnoronnt (F), suoncup (Mg, Si), ansbut (Na, Al),
oproknas (K), pononnt (Mn), SrSO, (Sr), TiO, (Ti), Fe,O, (Fe), SrSO, (Sr), BaSO, (S), Cr,O, (Cr), nupomopdur (Pb)
U QTIOMOCHIMKATHBIE CTeK/a, ternpoBanHHble P33 (La, Ce, Y, Sm, Pr, Nd, Th, U, Tm, Eu, Tb, Dy, Gd, Er, Yb, Lu, Ho).
/3-3a 1cno/nb30BaHMA HU3KOTO TOKA 30H/Ia IIPY aHA/IN3e allaTUTOB Ipefie/ibl OOHAPYKEeHNA 57IeMEHTOB COCTABVIIN:
300-600 ppm mn= S, Cl, Al, Mg, Si, Ca, Na n 2000-2500 ppm mns P, E Fe, Mn, Cr. Ina P33 ¢ocdaros npu nmomorn
HOBBIIIEHHOTO TOKA 30H/a ObIIN JOCTUTHYTHI C/IeAYIOLINe pefenbl ooHapyxenus: 100-200 ppm ans Si, Ca, Cr, K,
Al, Mg, Ti, Pb, 300-500 ppm a5 Na, S, P, Mn, Y, Th, U, 1200-1500 ppm ans Sr, Nd, Ce, 1700-2000 ppm g La, Tm,
Tb, 2500-2800 ppm p1sa Yb, Dy, Lu, Pr, 3500-4700 ppm g Eu, Sm, Gd, Ho.
Pesynvmamuwt. Briepble B Poccum HaiifieH 1 omycaH 4epaauT B IITyTOHUYECKON TOPHOI mopofe. B cTarbe mpu-
BeJIeHBI TIepBbIe JAaHHBIE M0 XMMUYECKOMY COCTaBy ¢ochaToB (almaTuT, MOHAIUT, KCEHOTUM, YE€PAJINT) U3 JIEHKO-
rpaHnTOB [lelepHMHCKOro MITOKA, 06pa3oBaBIIErocs Ha 3aBepLIAlolIeM dTarne GOPMIPOBAHN HOMUXPOHHOTO I
nomidopmanmoHHoro PedbtuHckoro rab06po-rpaHUTOMIHOTO MacCUBa.
3axnouenue. AaTUT OTHOCUTCA K (PTOPUCTON PA3HOBUAHOCTM C IPUMECHIO MapraHIija, MOHALUT IpPefiCTaBIeH
LlepeBOJl Pa3HOBUHOCTBIO, @ KCEHOTUM — UTTpUeBOi. YepanuT ob1agaeT mepexofHbIM MUKPOSTEMEHTHBIM CO-
CTaBOM, 1 B 3aBUCHMOCTY OT 30HBI €T0 MO>XHO OTHOCUTH KaK K I[epMeBOIi, TaK U K UTTPUEBOI Pa3HOBUITHOCTI.
[Tpumech MapraHia B aaTuTe MOXKET CBUJETEIbCTBOBATh O YaCTYHOM CMEUIEHUN PaCIIaBa ¢ OCAJOYHBIMM VJIN
MeTa0Ca/JOYHBIMI IIOPOZIAMIA.

Knioueevie cnosa: dpropanarut, monanut-(Ce), kceHotuM-(Y), Yepanut, jneilkorpaHuThl, PedpTuHCKMit Maccus,
Cpepunit Ypart.

Hccnedosanust evimonuenvt 6 pamxax ITocyoapemeentoeo 3adanust VIIT YpO PAH no zoc6rodmemnoii meme «Tekmonuxa,
2€00UHAMUKA, IBOTIOUUSA U MUHEPALEHUS CIPYKINYPHO-BEULECINBEHHBIX KOMNIIEKCOB, B03HUKUUX NPU POPMUPOBAHUU KOHMUHEH-
manvHoti 3emHoil Kopol (Ha npumepe naneosotickoeo Ypano-MoHzonvckozo nodeusctozo nosca u 3anadno-Cubupckoii naumot)» ¢
ucnonvsosanuem ob6opyoosanus LIKII «leoananumux» MIT YpO PAH. Jloocnawerue u xkomnaexcHoe passumue LIKII «leoana-
numuk» VUIT YpO PAH ocywecmensemcst npu punancosoii noodepicke epanma Munucmepcmea Hayku u 6vicuiezo 06pa3osamus
Poccuiickoii Pedepavuu, Coznawenue Ne 075-15-2021-680.
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