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Abstract
The relevance of the work is due to the need to improve the chemical dating method as applied to high-uranium and
high-thorium accessory minerals, which are difficult to study using isotopic research methods.
The purpose of the work is to study the chemical composition of accessory xenotime from granite pegmatites of the
Monatsitovaya mine (western part of the Aduisky massif) and determine its age.
Research methodology. A quantitative analysis of the chemical composition of monazite was performed on a CAME-
CA SX 100 electron probe microanalyzer (IGG Ural Branch RAS, Ekaterinburg). Measurement conditions: accelerat-
ing voltage 15 kV, current 250 nA, electron beam diameter 2 um. The pressure in the sample chamber is 2 x 10~ Pa.
The spectra were obtained on inclined wave spectrometers, the intensity measurements were carried out along the
analytical lines: Y La, Si Ka, (TAP crystal analyzer), U Mp, Pb Ma, Ca Ka, Th Ma, P Ka (PET), Yb La, Dy La, Er La,
Gd La, Lu Lo, Sm LB (LiF). The overlap of peaks of spectral lines was taken into account, which is extremely import-
ant in the quantitative determination of lead content (the Y Ly, u Th M( , lines are superimposed on the analytical
Pb Ma line). The pulse accumulation time at the peaks of analytical lines was twice as long as for the background and
was 60 s for Th, 40 s for U and Pb, and 10 s for other elements. When conducting research, linear experimental design
was used to vary the time of measuring the intensities of the M3 line of uranium, M« lines of thorium and lead. The
calculated detection limits are 345 ppm for U, 283 ppm for Th, 65 ppm for Pb, 205 ppm for Y.
Results. It has been established that xenotime belongs to the yttrium variety and is characterized by an increased
content of uranium (UO, up to 8.8 wt. %) and thorium (ThO, up to 4.5 wt. %). According to the results of chemical
dating (based on 32 analyses), xenotime-(Y) shows a weighted average age of 276 + 7 Ma (MSWD = 0.54). When
constructing the dependence (ThO,+UO ) — PbO, the points fall on one isochron. Calculating the age using the
isochron slope angle gave a dating of 276 + 12 million years (MSWD = 0.94).
Conclusions. The obtained age values for the xenotime are in good agreement with the dating of the pegmatoid gran-
ites of the Krutikhinsky massif, which is located on the western contact of the Aduisky granite massif and relatively
close to the Monatsitovaya mine. It is quite possible that some pegmatites in the western part of the Aduisky massif
were formed as a result of the formation of the Krutikhinsky massif.
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Introduction

The method of chemical U-Th-Pb dating has been known
for quite a long time; abroad it is often used as a rapid non-iso-
topic method for determining the age of accessory U-Th-con-
taining minerals with a size of at least 5-10 microns. This meth-
od is of interest to geologists for its simplicity in sample prepa-
ration, high speed, low cost of analysis, and good agreement
with isotope dating. It is mainly applied to monazite, which is
more widespread in nature, and only in rare cases to other ra-
dioactive minerals [1, 2]. In this case, it is most difficult to date
yttrium phosphate — xenotime, since serious difficulties arise
in determining lead using the Ma-line due to spectral overlap
with the yttrium line [3-5]. In [6], the effect of superposition
of the Y Ly-line on the Pb Ma-line was analyzed on synthetic
YPO,; extrapolation to the yttrium content in monazite of the
order of 2 wt. % shows that the superposition of lines in phos-

phates can lead to an overestimation of the lead content by a
maximum of 30 ppm, which in turn leads to an increase in
the calculated age. This paper presents the results of a study of
accessory xenotime from granite pegmatites of the Monatsito-
vaya mine, located in the western part of the Aduisky massif.
Geological position and structure of the Monatsitovaya
mine in the Aduisky massif. In recent years, a number of new
pegmatite mines have been discovered in the Aduisky granite
massif [7]. A large number of them were found 6-7 km north
of the village of Ozernoye (located south of the city of Rezh)
and in its vicinity [8]. This area is rich in ceramic pegmatite
mines, in the largest of which at the beginning of the last cen-
tury (1925-1927) prospectors mined feldspar for the ceramic
industry. Lump feldspar was mined from the upper fractured
parts of the mines to a depth of 2-3 m in workings up to 4-30
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m long and transported on carts to the river and then to
the Rezh station. In total, about 1000 tons of feldspar were
mined [9].

The Monatsitovaya mine is located on the northwestern
edge of the Chistoye swamp, approximately 4 km southwest of
the village of Ozernoye and 5 km west of the Kostousovo rail-
way station (Fig. 1). The reference from the GPS navigator is
N 57°17°34.2"7,E 61°08°96.6"". In 1971 V. A. Gubin (now de-
ceased) found large monazite crystals, up to 1.5 cm in size, in
an unnamed pegmatite mine quarter 62 of Monetnaya Dacha
[7]. Based on this find, the mine was named Monatsitovaya.

The pegmatite mine reaches a length of 30-35 m with a
thickness of 2-4 m, a strike azimuth of 65°, and a dip angle
of 70-85°. Zoning from the salvages to the center: pegmatoid
quartz-feldspar zone with annite and magnetite — graphic zone
of quartz-feldspar composition with annite, muscovite and
REE mineralization - block quartz-feldspar zone with musco-
vite and REE mineralization. In pegmatite, xenotime is yttrium
and occurs in the graphic and block zones, where it associates
with annite, muscovite, monazite-(Ce), ilmenite, ilmenorutile,
magnetite, thorianite, fluorapatite and zircon. It forms large bi-
pyramidal crystals, up to 1 cm in size, often with internal zon-
ing from bluish-green in the center through reddish-brown in
the middle to greenish-yellow at the edges [7, 11].

Research methodology

A quantitative analysis of the chemical composition of
xenotime was performed on a CAMECA SX 100 electron
probe microanalyzer (IGG Ural Branch RAS, Yekaterinburg).
A polished section was made from a xenotime crystal, up to
1 c¢m in size, then the specimen was sprayed with a thin layer
of carbon. Measurement conditions: accelerating voltage 15
kV, current 250 nA, electron beam diameter 2 um. The pres-
sure in the sample chamber is 2 x 10~ Pa. Before performing
a quantitative analysis, the intensity distribution maps of the
characteristic X-ray radiation in the rays of the analytical lines
were recorded. Standard samples of synthetic REE phosphates,
Th and U oxides, pyrope, and Pb,P,O_ were used as standards.
To measure the intensity, the following analytical lines were
selected: Y La, Si Ka, (TAP analyzer crystal), U M3, Pb Ma, Ca
Ka, Th Ma, P Ka (PET), Yb La, Dy La, Er La, Gd La, Lu La,
Sm L (LiF). The overlap of peaks of spectral lines was taken
into account, which is extremely important in the quantitative
determination of lead content (the Y Ly, , u Th MC | lines are
superimposed on the analytical Pb Ma line). The time for col-
lecting pulses at the peaks of analytical lines was twice as long
as for the background and was 60 s for Th, 40 s for U and Pb,
and 10 s for the other elements. When conducting research,
linear experimental design was used to vary the time of mea-
suring the intensities of the Mp line of uranium, M« lines of
thorium and lead. The calculated detection limits are 345 ppm
for U, 283 ppm for Th, 65 ppm for Pb, 205 ppm for Y. Oxygen
content was determined assuming compositional stoichiome-
try. The theoretical and practical justification for the method
of chemical dating using X-ray spectral microprobe analysis is
given in numerous publications on this topic [6, 12], including
the team of authors [2, 13]. The main condition of this meth-
od: during the process of evolution, the mineral did not lose
radiogenic lead (i. e., the Th-U-Pb system was closed), all the
lead in the mineral was formed due to the decay of thorium
and uranium.
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Figure 1. Contours of the Aduisky granite massif with settlements
and reservoirs (given according to [10] with our simplifications).
The square shows the location of the Monatsitovaya mine
PucyHok 1. KoHTypbl Agyiickoro rpaHATHOrO MaccuBa C BbiHe-
CEHHbIMWU HaceneHHbIMWU MyHKTaMu U Bopgoemamu (aaHo no [10]
c Hawumm ynpouweHuamu). KBagpatom nokasaHo pacnonoxeHue
konu «MoHauuToBasA»
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Figure 2. Idealized xenotime crystal. Face indices are given in the text
PucyHok 2. Uaeanv3npoBaHHbIN KpUcTanmn KceHoTuma. MHaekcbl
rpaHen AaHbl B TEKCTe

Results and discussion
For study and dating, we used a relatively large and opaque
xenotime crystal from the block zone. It was kindly donated for
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Figure 3. Image of a xenotime crystal and its fragments from the Monatsitovaya mine: a — general view of the cross section of the crystal,
b — fragment of the central part of the crystal, ¢ — fragment of the lower part of the crystal. BSE photo, CAMECA SX 100. A photo of an individual
is made by gluing together smaller pictures. The dots and line show the analyzes and profile

PucyHok 3. U3o6paxeHure kpucTanna KCeHoTuma u ero pparmeHToB U3 xunbl «MoHauuToBas»: a — o6LUMIA BUA ceveHust kpuctanna, b —
(pparMeHT LieHTpanbHOM YacTu KpucTanna, ¢ — doparMeHT HbkHel vyacTu kpuctanna. BSE-¢poto, CAMECA SX 100. ®oTo nHgmemaa caenaHo
nyTeM cknemaHus 6onee Menkunx KapTMHOK. ToYKamu U NMUHMEN NoKa3aHbl aHanu3sbl 1 NpoduIb

Figure 4. BSE image of the central section of a xenotime crystal, 950 x 580 ym in size, in characteristic X-ray radiation of the Si Ka, U Mb,
Pb Ma and Th Ma lines. The intensity reading step is 2 ym, the measurement time at a point is 50 ms

PucyHok 4. BSE-u3ob6paxeHue LleHTpanbHOro y4yacTka Kpucranna KceHoTuma pasmepom 950 x 580 MKM B XxapakTepuCTMYECKOM pPeHTre-
HOBCKOM u3ny4eHuu nuHun Si Ka, U Mb, Pb Ma n Th Ma. LLlar cunTbiBaHUA UHTEHCUBHOCTU — 2 MKM, BPEMSl U3MepeHUs B Touke — 50 mc
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Table 1. Chemical composition of xenotime from pegmatites of the Monatsitovaya mine, wt. %
Ta6nuua 1. XuMunyeckum coctaB KCeHOTUMA U3 NermMaTuToB Xunbl «MoHauuToBas», mac. %
. Analysis number
Oxides 1 2 3 7 5 =5 7 8 9 10 11
P,O, 29,12 29,46 30,16 29,00 29,02 29,81 29,77 29,36 29,02 27,67 29,58
ThO, 3,17 3,18 3,02 4,28 3,30 3,18 3,07 3,53 3,90 3,60 4,39
uo, 6,22 6,32 6,34 7,97 7,85 6,22 6,31 6,47 6,54 8,81 3,75
SiO, 1,99 1,81 1,97 1,46 1,90 2,14 2,22 1,83 1,87 1,78 1,35
Y,0, 37,07 36,37 36,80 33,57 35,66 37,45 37,60 36,12 35,82 34,31 35,96
Lu,O, 0,58 0,64 0,61 0,69 0,48 0,42 0,51 0,45 0,35 0,42 0,61
Yb,0O, 4,59 4,39 4,68 4,61 4,51 4,41 4,52 4,51 4,62 4,26 4,36
Tm,O, 0,73 0,70 0,72 0,74 0,66 0,74 0,66 0,59 0,71 0,64 0,64
Er,0, 3,95 3,96 3,98 3,86 3,85 3,90 3,93 3,91 3,97 3,67 3,77
Ho,O, 0,88 0,98 0,79 0,83 0,87 0,85 0,86 0,85 0,73 0,73 0,89
Dy,0, 418 4,13 4,24 4,10 4,09 4,29 4,32 4,24 4,27 3,98 4,06
Gd,0, 1,71 1,68 1,64 1,64 1,63 1,75 1,73 1,75 1,70 1,66 1,65
Sm,0, 0,46 0,43 0,45 0,47 0,47 0,43 0,46 0,30 0,36 0,40 0,50
Nd,O, 0,37 0,36 0,40 0,37 0,29 0,44 0,39 0,45 0,36 0,35 0,37
PbO 0,30 0,27 0,26 0,25 0,37 0,26 0,30 0,29 0,25 0,35 0,18
CaO 0,38 0,50 0,26 1,21 0,66 0,06 0,05 0,59 0,60 1,06 1,07
Total 95,71 95,17 96,32 95,04 95,61 96,36 96,71 95,23 95,05 93,69 93,15
. An i
Oxides 12 13 14 15 16 aIySI1S 7number 18 19 20 21 22
P,O, 28,30 28,23 28,41 29,25 29,00 27,93 28,37 29,76 26,50 30,00 29,39
ThO, 4,29 4,39 4,37 3,06 3,26 4,18 4,52 3,08 6,06 3,00 2,86
uo, 8,02 8,32 8,27 5,80 6,47 7,39 7,44 5,98 6,97 6,06 5,87
SiO, 2,93 2,97 2,96 1,89 1,86 1,62 1,62 1,93 1,07 1,93 2,05
Y,0, 35,73 35,83 35,65 36,51 36,27 33,80 33,23 37,02 34,06 36,61 37,67
Lu,0, 0,51 0,56 0,55 0,68 0,60 0,63 0,68 0,60 0,61 0,61 0,62
Yb,0, 413 4,28 4,25 4,61 4,45 4,37 4,50 4,59 4,69 4,58 4,61
Tm,O, 0,70 0,69 0,60 0,63 0,71 0,70 0,67 0,73 0,88 0,75 0,67
Er,0, 3,76 3,76 3,79 3,93 3,92 3,91 3,82 3,87 4,75 3,96 4,04
Ho,O, 0,81 0,71 0,73 0,74 0,76 0,75 0,81 0,84 1,09 0,96 0,90
Dy, 0, 3,95 4,11 4,06 4,07 4,10 4,03 3,94 4,22 4,07 4,20 4,14
Gd,0, 1,62 1,68 1,65 1,65 1,63 1,61 1,65 1,65 1,96 1,70 1,67
Sm,0, 0,41 0,38 0,39 0,31 0,39 0,43 0,40 0,45 0,62 0,40 0,36
Nd,O, 0,41 0,38 0,42 0,28 0,33 0,39 0,36 0,36 0,30 0,27 0,31
PbO 0,36 0,35 0,38 0,25 0,29 0,26 0,20 0,28 0,25 0,26 0,27
CaO 0,05 0,05 0,05 0,57 0,55 1,28 1,42 0,52 1,12 0,23 0,14
Total 96,01 96,68 96,54 94,24 94,59 93,29 93,63 95,86 95,01 95,52 95,56
Oxides Analysis number
23 24 25 26 27 28 29 30 31 32
P,O, 30,64 30,06 28,76 29,04 29,86 28,91 30,04 29,53 29,77 27,97
ThO, 3,68 2,66 3,58 3,45 3,10 3,39 3,31 3,16 3,12 4,02
uo, 6,16 5,64 8,07 7,36 6,33 6,84 7,78 6,50 6,62 6,80
SiO, 1,60 2,03 1,68 1,81 2,02 1,81 1,87 2,09 2,20 1,64
Y,0, 36,07 37,92 34,84 35,46 36,48 35,77 34,43 36,70 36,72 35,02
Lu,0O, 0,56 0,57 0,65 0,61 0,63 0,62 0,61 0,64 0,58 0,55
Yb,O, 4,62 4,57 4,46 4,39 4,46 4,42 4,36 4,46 4,35 4,51
Tm,O, 0,69 0,67 0,71 0,63 0,69 0,68 0,73 0,65 0,80 0,72
Er,0, 3,90 3,96 3,88 3,81 3,92 3,93 3,77 3,86 3,85 3,97
Ho,O, 0,90 0,80 0,84 0,92 0,88 0,92 0,78 0,86 0,83 0,86
Dy,O, 4,26 4,20 4,05 4,16 4,16 4,12 4,02 4,21 417 4,19
Gd,0, 1,66 1,66 1,73 1,64 1,71 1,68 1,67 1,74 1,68 1,77
Sm,0, 0,45 0,40 0,42 0,31 0,39 0,41 0,44 0,39 0,39 0,47
Nd,O, 0,37 0,34 0,39 0,28 0,40 0,37 0,38 0,35 0,32 0,48
PbO 0,30 0,27 0,31 0,32 0,29 0,36 0,30 0,31 0,33 0,29
CaO 0,82 0,06 0,92 0,65 0,22 0,69 0,58 0,22 0,13 0,78
Total 96,69 95,83 95,29 94,84 95,55 94,91 95,05 95,66 95,85 94,05

Note: IGG Ural Branch of RAS, microanalyzer CAMECA SX 100, analyst V. V. Khiller.
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Figure 5. Average weighted Th—-U-Pb age of xenotime according
to microprobe analyzes (a total of 32 determinations were made)
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Figure 6. UO,*-PbO data for xenotime from the Monatsitovaya
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research by V. A. Gubin. Xenotime is characterized by a dark
brown color and has small epitaxial growths of zircon at the
tops of the crystal. An individual xenotime is bipyramidal in
appearance (Fig. 2), up to 1 cm in diameter, slightly flattened
along the c[001] axis. The main shape in the cut of the crystal
is a dipyramid - r{111}, narrow prism edges are marked on its
edges — m{110}, and the vertices are cut by a basopinacoid - ¢
{001} and a ditetragonal dipyramid - z{311}. The surface of the
edges is matte, uneven in places.

Due to the wide range of uranium, thorium and heavy
REE contents, individual xenotime from the Monatsitovaya
mine is characterized by clearly defined zoning in backscat-
tered electron images (Fig. 3). The matrix contains small inclu-
sions of uranium and thorium phases, uraninite and thorian-
ite, no more than 50 microns in size (Fig. 4).

The chemical composition of the studied xenotime is quite
heterogeneous (Table 1) and correlates well with previously
obtained data [11], which, unfortunately, were few. Based on
our results of all the above 32 analyses, we can say that phos-
phate in the block zone is represented by yttrium variety (since
yttrium significantly predominates over heavy rare earths)
with a fairly high content of uranium (UO, up to 8.8 wt. %)
and thorium (ThO, up to 4.5 wt. %). Among other impurities,
one can note the presence of significant concentrations of erbi-
um (Er,0, up to 5.5 wt. %), ytterbium (Yb,O, up to 5.3 wt. %),
calcium (CaO up to 4.0 wt. %) and silica (SiO, up to 2. 9 wt. %).
The content of radiogenic components varies quite strongly,
wt. %: ThO, - 2.57-6.06; UO, - 1.94-8.81; PbO - 0.08-0.41.
The sums of the analyzes indicate that xenotime may contain
water, although some elements may not have been measured.

For each point of the crystal at which the analysis was car-
ried out (about 32 points in total), the age was calculated using
the method of [6], the scatter of which is in the range from 251
to 306 million years. Their weighted average is 276 + 7 Ma,
MSWD = 0.54 (Fig. 5).

Thanks to the wide range of contents of uranium and lead
oxides, we were able to construct an isochron from a set of
analytical points using the CHIME method [5] in UO,*-PbO
coordinates, and from its slope angle (m = 0.0373) we calculat-
ed the U*/Pb age, which was 276 + 12 Ma (Fig. 6). Here UO,* =
(UO,+ThO,*9), where ThO ¢ is the thorium content, convert-
ed into the equivalent uranium content, capable of producing
the same amount of Pb during the lifetime of the system with
equal U-Pb and Th-Pb age values. The content of non-radio-
genic lead in the xenotime, calculated from the intersection of
the U*-Pb isochron with the PbO axis, is less than 0.005 wt. %,
which is comparable to the limit of its detection in the mineral
and therefore did not affect the age calculation.

The age values obtained for xenotime from granite pegma-
tites of the Monatsitovaya mine are quite difficult to estimate,
since, according to existing ideas, the time of formation of the
Aduisky granite massif covers a wide time interval and is es-
timated from 291 * 8 million years (based on zircon [14]) to
256 + 0.6 million years (according to monazite [15]) and
255-241 million years (according to micas [10]). Moreover,
the most ancient rocks are recorded in the western part of
the massif, and the youngest ones - in the central and eastern
parts of the body. The pegmatites of the Aduisky massif main-
ly record two age boundaries: 268-262 and 255 million years.
Moreover, the latter vein bodies are most often found in this
area. Thus, in granitic pegmatites near the village of Ozernoye
(northern part of the massif), accessory zircon was studied by
chemical dating, the age of which was calculated to be within
255 + 7 million years [16]. In nearby mines, a completely re-
liable Th-U-Pb dating was obtained for accessory monazites
- 254 + 15 Ma [17], and in the western part of the massif for
monazite from the Semeninskaya mine - 256 + 21 Ma [18].
Similar datings within the range of 255-241 million years were
shown by micas (K-Ar method) from various Aduisky peg-
matites [10].
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More ancient pegmatites are characteristic of the eastern
contact of the Aduisky massif. Thus, the age of granite pegma-
tites of the Kvartalny tantalum-niobium deposit, according to
the bimineral uraninite-monazite isochron, is calculated to
be within 268 + 2 million years [19]. Rare-metal pegmatites
from the nearby deposit of the same type Lipovy Log give a
close dating — 262 + 7 million years (according to the Re-Os
age of molybdenites [20]), and granite pegmatites of the Li-
povsky vein field located at the junction of the Aduisky and
Murzinsky granite massifs — 266 + 3 million years (according
to the three-mineral isochron with uraninite, coffinite and
monazite [2]).

The age values we obtained for xenotime can quite pos-
sibly be attributed to the last group of “ancient” pegmatites,
because the existing error allows us to cover the entire inter-
val of 268-262 million years. At the same time, the age of the
xenotime is in good agreement with the dating of pegmatoid
granites of the Krutikhinsky massif (272-271 million years,
according to U-Pb data on accessory zircon [21]), which is
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located on the western contact of the Aduisky granite massif
and, relatively close to the Monatsitovaya mine (4-5 km south-
west). It is likely that some pegmatites in the western part of
the Aduisky massif were formed as a result of the formation of
the Krutikhinsky massif.

Conclusions

Thus, we studied accessory xenotime from pegmatites
of the Monatsitovaya mine, located in the western part of the
Aduisky granite massif. According to microprobe analysis, xe-
notime belongs to the yttrium variety and is characterized by
an increased content of uranium (UO, up to 8.8 wt. %) and
thorium (ThO, up to 4.5 wt. %). An isochron age of 276 + 12
Ma was calculated for it. The obtained age values for the xeno-
time are in good agreement with the dating of the pegmatoid
granites of the Krutikhinsky massif, which is located on the
western contact of the Aduisky granite massif and relatively
close to the Monatsitovaya mine. It is quite possible that some
pegmatites in the western part of the Aduisky massif were
formed as a result of the formation of the Krutikhinsky massif.

The authors express their deep gratitude to Viktor Arkadyevich Gubin for providing the xenotime crystal and mourn his untimely
death.

The work was carried out within the framework of the state assignment of the IGG, Ural Branch of the Russian Academy of Sciences,
state no. reg. 123011800014-3.
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KceHoTUM-(Y) U3 rpaHUTHLIX NMEermatmToB Konu «MoHauUToOBast»,
AAyckuin maccms, CpeaHnin Ypaa (XMMUYECKUI COCTaB U BO3PAcCT)

Bepa ButanbeBHa XUJITJIEP*
HOpuin BuktopoBuy EPOXUH*

MHCTUTYT reonorum n reoxumunm uM. akag. A. H. 3asapuukoro YpO PAH, ExatepuHbypr, Poccus

AHHoOTauMs1
AxmyanvHocme pabomvt 00ycI0OB/IeHa HeOOXOAVMOCTBIO COBEPIIEHCTBOBAHMSA METOAA XMMIUYECKOTO TaTHPOBa-
HYIS B IPMMEHEHUN K BBICOKOYPAHOBBIM 1 BBICOKOTOPYEBBIM aKIIeCCOPHBIM MIHEPajIaM, KOTOPBIe CTIO>KHO M3Y4aTh
M30TOIIHBIMYM METOAMM MICC/IENOBAHMA.
Ilenv pabomvt - viccnenoBaHme XMMUYIECKOTO COCTABA aKI[eCCOPHOTO KCEHOTHMA U3 TPAHUTHBIX IIETMAaTUTOB KON
«MoHaunToBas» (3amajfHas 4acTb AJYICKOTO MacCyBa) 1 OIpefie/IeHNe ero BO3pacTa.
Memoodonozus uccnedosanus. KonudaecTBeHHBIN aHAN3 XMMUYECKOTO COCTaBa MOHAIIMTA BBITIOTHEH Ha 37IEKTPOH-
HO-30HA0BOM MukpoaHanusatope CAMECA SX 100 (VITT YpO PAH, r. ExarepunOypr). YcnoBus usMepeHns: ycko-
pstolee HanpshKkeHue 15 KB, cuma Toka 250 HA, fuaMeTp IydYKa 971eKTPOHOB 2 MKM. JlaB/ieHre B KaMepe 00pasiioB
2 x 10* [Ta. CrieKTpbI IOTy4YeHbI HA HAK/IOHHBIX BOTHOBBIX CHEKTPOMETPaX, U3MepeHe NHTEHCUBHOCTY IIPOBO/YI-
70Ch 10 aHamuTIdeckuM muHuAM: Y La, Si Ka, (xpuctamn-anammsarop TAP), U Mp, Pb Ma, Ca Ka, Th Ma, P Ka
(PET), Yb La, Dy La, Er Lat, Gd La, Lu Lo, Sm L (LiF). [IpoBeneH yueT Ha/mo)eHUs MMKOB CIEKTPA/TbHBIX JINHUIA,
YTO KpajiHe BayKHO MNPV KONMECTBEHHOM ONpefeNiennn cofiepkanns cuana (muumu Y Ly, n Th MCLZ HaKJ/IaJbl-
BaeTCs Ha aHAIMTIYeCKyo mHnI0 Pb Ma). Bpems Habopa MMITYy/IbCOB Ha IIMKaX aHAIMTUYECKVX IMHUI B /1Ba pasa
6onpiite, yeM st poHa, u coctasmsino 60 ¢ mst Th, 40 ¢ ;s U u Pb u 10 ¢ mist octanbHbIX 9meMeHTOB. [Ipu mpoBe-
IeHUU UCCIeMOBAHUI IPUMEHSIOCH TMHEeITHOe TIaHUPOBaHNe SKCIIEPUMEHTAa 110 BAPbUPOBAHNIO BPEMEHNU M3Me-
peHus MHTeHCUBHOCTelt MP-muHnum ypaHa, Ma-IyuHNMiI TOpUs M CBMHIJA. PaccunTaHHbIe Npefenbl 0OHAPY KeHN
cocTaBiAanT 345 v/t gna U, 283 1/t gna Th, 65 1/t gia Pb, 205 r/T gna Y.
Pe3ynvmamui. YCTaHOBJIEHO, UYTO KCEHOTUM OTHOCUTCS K UTTPUEBON Pa3HOCTH U OTINYAETCS TOBBIIIEHHBIM COfIep-
JKaHMeM ypaHa (UO2 1o 8,8 mac. %) u TOpust (ThO2 1o 4,5 mac. %). ITo pe3ynbpraraM XMMIYECKOTO IATUPOBaHNA (110
IOaHHBIM 32 aHanmn30B), KceHOTMM-(Y) MmOKa3bIBaeT CpelHeB3BelleHHbI Bo3pacT 276 + 7 mnu net (CKBO = 0,54).
[Ipu noctpoennn 3asucumoctu (ThO, + UO,”**)-PbO Toukn noxxarcs Ha ofiHy n30XpoHy. PacyeT Bospacra no yrmy
HaK/IOHA M30XPOHBI I/l JATUPOBKY 276 + 12 My netT (CKBO = 0,94).
Bwt600wv1. IlonydeHHble 3HaUeHMsI BO3paAcTa i/Isi KCEHOTVMA XOPOIIO COIMIACYIOTCA € AATMPOBKAMU IEIMaTOM/THBIX
rpaHnToB KpyTuXmHckoro Maccusa, KOTOPbIJl HAXOAMTCS Ha 3aI1a/JHOM KOHTaKTe AJIy/ICKOTO TPAaHUTHOTO MAacCHBa,
U OTHOCUTENTbHO HeflaNeKo OT Komu «MoHaiuToBast». BrioiHe BO3MOXKHO, YTO HEKOTOPbIE TIErMATUTHI B 3aa/[HOII
qacTy ARy CKOro MaccyuBa GOpMIPOBAIICDH B pe3y/IbTaTe CTAaHOBIeHNA KpyTHXMHCKOro Maccusa.

Kntouesvie cnosa: xcenotum-(Y), XMMMUUIeCKOe JATHPOBAaHUE, TPAaHUTHbIE TETrMATUTHI, Xuma «MOoHaIKUTOBAs»,
Apyrickuit Mmaccus, CpegHuii Ypai.
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