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Relevance. This work shows the results of mineralogical, petrographic, and geochemical studies of plagioclasites localized among chromite-bearing
ultramafic rocks of the Ray-Iz massif (Polar Urals). The spatial confinement of plagioclasites to the Tsentralnoye chrome ore deposit (corundum-bearing
plagioclasites) and the Yugo-Zapadnoye IV ore occurrence (plagioclasites without corundum) determine the need for a detailed study of the rocks of
the vein series of chromite-bearing sections.

The purpose of the work. The study of mineralogical and petrographic characteristics, as well as the geochemistry of lanthanides in plagioclase and
amphibole from plagioclasites of the Ray-Iz massif (Polar Urals).

Results. In view of the results of microprobe analysis, it was found that the compositions of amphibole in plagioclasites vary considerably in accordance
with the modern classification of calcium amphiboles, pargasite, edenite, magnesiohornblende and actinolite. Two types of zoning are determined in

amphibole. Amphibole grains with zoning of the first type are characterized by an increase in the contents of Al,O,, TiO,, FeO, Na,O from the center

toward the periphery of the grains; when zoning of the second type, on the contrary, there is a decrease in these components. The chemical compo-
sition of plagioclase corresponds to oligoclase An, . . The decrease in the content of the anorthite molecule from the center to the edge of the grain
was noted. The study of nature of the distribution of REE in rock-forming minerals made it possible to determine that amphibole is the main mineral
concentrator of lanthanides in plagioclasites: the total REE content in the mineral is 250-450 ppm, while 16-18 ppm of lanthanides are concentrated
in the plagioclase. It was established that the reason for the existence of two types of distribution spectra of lanthanides identified earlier is the ratio
of the total amount of amphibole and plagioclase in the rock. The distribution of rare-earth elements in calcic amphiboles from plagioclasites is com-
pared with the distribution of REEs in the amphiboles of the Nyurundukansky mafic complex in the North-Western Baikal region, the studies of which
were carried out by S. G. Skublov. Using the amphibole-plagioclase geothermometer by T. Holland, ]. Blundy and geobarometer by M. W. Schmidt
parameters of amphibole plagioclasites formation were determined.

Conclusion. The nature of the distribution of lanthanides in the main rock-forming minerals — plagioclase and amphibole — is found. The comparison
of parameters and compositional characteristics of amphiboles allowed us to conclude that there is a direct relationship between temperature, the
sum of REE and TiO, in the mineral.
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ntroduction
The Ray-Iz ultramafic massif is one of the largest in the Urals and is located at the base of the crust-mantle section of
the Voykarskaya Paleozoic paleo-island arc zone overriding the main Ural deep fault to the edge of the Eastern European
continent [1].

Plagioclasite bodies are found among chromite-bearing ultramafites of the massif — plagioclasites without corundum and
corundum-bearing ones [1-3]. Both types of plagioclasites form a vein series in the rocks of the dunite-harzburgite complex.

A brief history of the study of plagioclasites

Corundum-bearing plagioclasites are known in the southwestern part of the chrome ore deposit called Tsentral'noye. They
compose the well-known occurrence of corundum mineralization called Rubinovy Log, and have been attracted the attention
of researchers due to the unique ruby mineralization. Corundums and host rocks were first described by V. P. Sorokin and B. V.
Perevozchikov in 1973 [4]. Single microprobe analyses of rock-forming minerals of phlogopite plagioclasites from the Rubinovy
Log occurrence were first published by N. I. Bryanchaninova and A. B. Makeev with co-authors [5]. Zoning in the structure of
rocks with ruby mineralization was described by S. V. Shcherbakova. She has investigated the composition of minerals, and con-
cluded about the genetic relationship of plagioclase rocks and their host ultramafites [6, 7].

The study of the composition and age of plagioclasites, both corundum-bearing and corundum-free in recent years [1-3] al-
lowed to establish the existence of two types of distribution spectra of rare earth elements in them. At the same time, the question
of the content of rare earths in amphiboles and plagioclases, the main rock-forming minerals of plagioclasites, remained open. In
this paper, we studied the chemical composition of minerals and the nature of the distribution of lanthanides in plagioclase and
amphibole; it is concluded that there are two REE distribution spectra in plagioclasites.

Chemical composition and zoning of rock-forming minerals

Microprobe analysis of minerals was performed in the laboratory of physical and chemical research methods at the Institute
of Geology and Geochemistry, Ural Branch of the Russian Academy of Sciences (Ekaterinburg, the analyst is V. V. Khiller) using
the electronic probe microanalyzer CAMECA SX 100.

In view of the results of microprobe analysis, it was found that the compositions of amphibole vary considerably in accor-
dance with the modern classification of calcic amphiboles [8, 9], pargasite, edenite, magnesiohornblende and actinolite.

Amphibole grains exhibit chemical zoning. Central parts in amphibole are from plagioclasite without corundum (sample Y-12/1)
of the Yugo-Zapadnoe IV ore occurrence of chrome ores. As a rule, they are represented by hornblendite and edenite, and the pe-
ripheral ones are represented by a low-alumina, actinolite — a kind of alkalies — poor amphibole. Its Na,O content is 1.63-2.97 wt.%,
and the amount of alumina is in the range of 4.17-9.59 wt.% (Table 1). In addition, there are minor impurities of MnO 0.11-0.26
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wt.%, Cr,0, 0.01-0.21 wt.% and TiO, 0.38-0.76 wt.% in the mineral. Amphibole iron content f = Fe** x 100% / (Fe**+ Mg) varies
from 25.33 to 31.67%. Ferruginosity and the content of Al,O,, TiO,, FeO, Na,O decrease from the center toward the periphery of the
grains (analysis points are shown in Fig. 1; Table 1). The chemical composition of plagioclase corresponds to oligoclase An, ,, .. The
amount of anorthite molecule decreases from the center to the edge of the grain (the analysis points are shown in Fig. 1; Table 2).

In amphibole from amphibole plagioclase without corundum (sample Y-200/1), the inverse zoning is shown. The central parts
of the grains are actinolite, and the peripheral parts are hornblendite and edenite. The Na,O content in the mineral is 1.28-2.66 wt.%,
and the amount of alumina varies between 3.46-10.51 wt.%. The mineral contains significant impurities of FeO (6.01-8.35 wt.%), as
well as small impurities of TiO, (0.2-0.54 wt.%) and Cr,O, (0-0.04 wt.%, that is almost at the detection limit of the device). Ferrugi-
nosity of amphibole varies from 15.11 to 23.29%. Ferruginosity and the content of AL,O,, TiO,, FeO, Na O increase from the center
toward the periphery of the grain. The chemical composition of plagioclase corresponds to oligoclase An,,, ..

In amphibolic plagioclase (sample Y-292/2) from the occurrence of corundum mineralization called Rubinovy Log (Tsen-
tralnoye chromium ore deposit), amphibole is in intergrowth with plagioclase (Fig. 2). The central parts of amphibole grains
correspond to edenite, and the edge ones correspond to pargasite; some individual actinolite grains are also present. The alumina
content in amphibole varies from 3.54 to 15.45 wt.%; Na,O — from 0.79 to 3.48 wt.%; FeO - 4.73-5.36 wt.%; the amount of Cr,O,
is not large and amounts to 0.06-0.18 wt.%. The mineral contains impurities of TiO, (0.11-0.15 wt.%). Amphibole ferruginosity
in the most aluminiferous varieties (edenite, pargasite) varies from 13.44 to 15.02% and from 11.46 to 12.13% in actinolite. Fer-
ruginosity and AL O, content, TiO,, FeO, Na,O increase toward the periphery. Pargasite is characterized by the highest content of
Na,O and AL O,. The chemical composition of plagioclase corresponds to oligoclase An,, . .

Plagioclase contains BaO impurities in an amount of from 0 to 0.11 wt.%; K,O (0.02-0.40 wt.%) and SrO, the amount of
which in amphibole plagioclasites without corundum (sample Y-12/1, sample Y-200/1) varies from 0 to 0.11 wt.%, and in corun-
dum-bearing amphibole plagioclase (sample Y-292/2) - from 0.98 to 1.26 wt.% (Table 2). Among the regularities in the distribu-
tion of chemical elements in plagioclase, it is worth noting an increase in the amount of Na O from the central parts of the grains
toward the peripheral ones in all the samples studied. The edge parts of the grains are more acidic.

Features of the trace element composition of rock-forming minerals. Geothermobarometry

The study of the trace element composition of the main rock-forming minerals of plagioclase and amphibole in rocks made
it possible to establish that amphibole is the main lanthanide-concentrating mineral: the total REE content in the mineral is
250-450 ppm, while 16-18 ppm of lanthanides are concentrated in the plagioclase.

According to the results of the ICP-MS analysis, chondrite (C1) normalization was performed [10] and the behavior of REEs

Table 1. The chemical composition of amphibole from amphibole plagioclasites, wt.%.
Ta6nuua 1. XuMunyeckuit coctaB amcpudona ns ampmn6onoBbIX NNarMoknasmTos, mac.%.

Sample Sample Y-12/1 Sample Y-200/1 Sample Y-292/2
number 1.37e 1.38¢c 2.39c 2. 40e 3_41c 3_42e 53e 54c 13 3¢ 13_3e
SiO, 50.86 48.54 52.04 51.98 51.25 52.09 50.92 53.53 47.96 46.12
TiO, 0.59 0.59 0.46 0.60 0.67 0.50 0.43 0.30 0.15 0.12
ALO, 7.98 7.93 5.08 5.25 5.41 4.79 6.44 4.89 131 15.45
Cr,0, 0.04 0.09 0.04 0.02 0.21 0.01 0.01 0.00 0.09 0.06
FeO 9.92 10.30 10.43 10.35 10.73 10.41 7.53 6.50 4.97 5.36
MgO 14.84 15.62 16.47 16.39 16.11 16.49 16.88 18.08 17.96 17.01
MnO 0.19 0.23 0.18 0.28 0.26 0.22 0.16 0.17 0.11 0.1
CaO 10.46 10.44 10.47 10.76 10.62 10.26 11.72 12.51 11.26 11.51
Na,O 2,97 2.38 1.77 1.75 1.76 1.71 2.23 1.57 3.1 3.48
K,O 0.08 0.12 0.06 0.07 0.07 0.07 0.07 0.08 0.16 0.19
Total 97.93 96.24 97.00 97.45 97.09 96.55 96.39 97.63 98.87 99.41
Formula coefficients (rate per 23 oxygen atoms)
Si 7.24 7.08 7.47 7.44 7.38 7.51 7.31 7.52 6.66 6.41
Ti 0.06 0.07 0.05 0.07 0.07 0.05 0.05 0.03 0.02 0.01
Al 1.34 1.36 0.86 0.89 0.92 0.81 1.09 0.81 2.14 2.53
AV 0.76 0.92 0.53 0.56 0.62 0.49 0.69 0.48 1.34 1.59
AM 0.58 0.44 0.33 0.32 0.30 0.32 0.40 0.33 0.81 0.94
Cr 0.01 0.01 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.01
Fe 1.18 1.26 1.25 1.24 1.29 1.26 0.90 0.76 0.58 0.62
Mg 3.15 3.40 3.53 3.50 3.46 3.54 3.61 3.79 3.72 3.52
Mn 0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.02 0.01 0.01
Ca 1.60 1.63 1.61 1.65 1.64 1.58 1.80 1.88 1.68 1.71
Na 0.82 0.67 0.49 0.49 0.49 0.48 0.62 0.43 0.84 0.94
K 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.03

Notes: e — grain edge; c — grain centre.
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Figure 1. Plagioclase in the intergrowths with amphibole. Sample. Y-12/1. The photo of a thin section with an analyzer is on the left.
BSE image is on the right. Analysis points — see Table 1, 2.

PucyHok 1. Nnarnoknas B cpactaHuu ¢ amdubonom. O6p. Y-12/1. Cnesa — ¢poTo wnuda ¢ aHanusatopom. Cnpasa — BSE-nzobpaxeHve.
Toukn aHanusoB — cMm. Tabn. 1, 2.

in monomineralic fractions of amphibole and plagioclase from plagioclasites was analyzed. The REE content in amphibole, pla-
gioclase, and in the rock as a whole was determined by ICP-MS analysis at the Institute of Geology, Ural Branch of the Russian
Academy of Sciences (Ekaterinburg) and Institute of Minerology of the Ural Branch of the Russian Academy of Sciences (Miass).

Amphiboles and plagioclases of corundum-bearing amphibole plagioclasites (sample Y-292/2) with a distribution spectrum
of lanthanides of the first type (Fig. 3, a) are characterized by enrichment with light lanthanides and depletion by heavy ones - the
curve has a negative slope for both the main minerals and the rock as a whole.

Amphibole plagioclasites without corundum of the Yugo-Zapadnoye IV ore occurrence of chromite (Fig. 3, b, ¢) with the
distribution spectra of REEs of the second type are characterized by a slight depletion of light lanthanides - the distribution curve
for the rock has a sub-horizontal position. If plagioclase, which constitutes more than 90% of the rock thickness, is characterized
by enrichment with light lanthanides, then for amphibole contained in plagioclase in an amount of 3 to 10%, the type of REE dis-
tribution spectrum is different. In amphibole from plagioclasites without corundum, a significantly lower content of light REEs
is observed compared to heavy ones, and a negative europium anomaly is also determined [15] (Fig. 3, b, ¢).

The analysis of REE distribution in amphiboles depending on the faces of metamorphism was in [11]. When comparing
the results of this work with those obtained by S. G. Skublov, a similarity of the REE distribution spectra in the amphiboles of
corundum-bearing amphibole plagioclasites is observed (sample Y-292/2), as well as REE spectra of amphiboles formed under
granulite facies of metamorphism. Amphiboles from amphibole plagioclasites without corundum are close to the mineral from
the rocks of the upper amphibolite facies.
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Figure 2. Intergrowth of plagioclase and amphibole (pargasite). Sample. Y-292/2. The photo of a thin section without an analyzer. 100x
magnification (1 mm in vertical frame dimension). Am — amphibole, Pl — plagioclase.

PucyHok 2. CpactaHue nnarvoknasa u amdubona (napracura). O6p. Y-292/2. ®oTo wnuda 6e3 aHanusatopa. Ysenuyerme 100x (1 mm no
BbICOTe Kagpa). Am — amcpubon, Pl — nnarnoknas.
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Table 2. The chemical composition of plagioclase from amphibole plagioclasites, wt.%.
Tabnuua 2. XuMnyeckmi coctas nrnarmoknasa us amuoonoBbIX NnaruoknasmTos, mac. %.

Sample Sample Y-12/1 Sample. Y-200/1
number 19e 20c 21c 22e 11c 1 2e 2 15e 2 16e 2 17c¢ 2 18c
SiO, 66.47 61.53 62.31 64.28 64.33 65.01 64.27 64.49 64.50 64.21
TiO, 0.00 0.00 0.01 0.00 0.03 0.02 0.00 0.00 0.01 0.03
Cr,0, 0.03 0.48 0.01 0.04 0.01 0.03 0.05 0.01 0.01 0.00
ALO, 20.86 22.97 23.02 22.47 22.34 22.10 21.95 21.99 21.98 22.32
FeO 0.09 0.03 0.07 0.01 0.00 0.04 0.02 0.05 0.05 0.04
CaO 2.09 5.13 4.97 3.87 3.51 3.18 3.44 3.43 3.57 3.69
Na,O 10.64 8.44 8.84 9.47 9.60 9.61 9.80 9.68 9.54 9.43
K,O 0.05 0.07 0.07 0.06 0.05 0.40 0.03 0.04 0.05 0.06
SrO 0.06 0.07 0.07 0.00 0.09 0.04 0.04 0.1 0.08 0.09
BaO 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.01 0.00
Total 100.34 98.75 99.42 100.26 100.00 100.44 99.63 99.82 99.80 99.88
Formula coefficients (per 5 cations)
Si 2.91 2.77 2.78 2.83 2.84 2.86 2.84 2.85 2.86 2.84
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.08 1.22 1.21 1.17 1.16 1.15 1.15 1.15 1.15 1.16
Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.10 0.25 0.24 0.18 0.17 0.15 0.16 0.16 0.17 0.18
Na 0.90 0.74 0.76 0.81 0.82 0.82 0.84 0.83 0.82 0.81
K 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
An., % 10.0 24.9 23.9 18.3 16.8 15.1 16.5 16.5 17.2 17.7
Notes: e — grain edge; ¢ — grain centre.
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Figure 3. REE distribution spectra in plagioclasites and main rock-forming minerals. a — sample Y-292/2 — amphibole plagioclasite (Tsentralnoye
deposit); b — sample Y-12/1— amphibole plagioclasite (Yugo-Zapadnoe IV); ¢ — sample Y-200/1— amphibole plagioclasite (Yugo-Zapadnoe 1V); d — mafic
complex of the northwestern Baikal region [11]. Amphibole compositions are shown. 1 — kaersutites, 2 — amphibole granulite facies (C-7 is close to the
amphibolite facies of metamorphism), 3 — metasomatic amphiboles, 4 — high-temperature amphibolite facies, 5 — low-temperature amphibolite facies.
PucyHok 3. CnekTpbl pacnpeaeneHus P33 B nnarmoknasuTax v rmaBHbIX NopoAoo6pa3syolmx MuHepanax. a — Y-292/2 — acdoubonosbin nna-
rvoknasut (MectopoxaeHue LieHtpanbHoe); 6 — Y-12/1 — amcumbonosebli nnarmoknasvT (pygonposienexue KOro-3anagHoe 1IV); B — Y-200/1— amdom-
6oroBbIi Nnarroknasut (pynonposiereHue tOro-3anaaHoe 1V); r — maduyeckuin komnnekc Cesepo-3anagHoro Mpubarikanbs [11]. MNokasaHbl cocTasbl
amdurbonos. 1 — kepcyTUTOB, 2 — aMmbOonoB rpaHynuToBow chaumm (C-7 6nnsok kK amcmbonuToBoM haumm metamopdusma), 3 — METaCOMaTUYECKMX
amdrbonoB, 4 — BbIcOKOTEMEpaTypHO amcmbonuToBor aumm, 5 — H1U3KoTeMNepaTypHo amrbonuToBol daumu.
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Table 3. P-T parameters of plagioclasite formation and amphibole compositional features.
Ta6bnuua 3. P-T-napameTpbl 06pa3oBaHUsA NfarmMokna3uToB n oco6eHHOCTU cocTaBa amdubona.

Amount of REE in amphi-

Sample number T,°C P, kbar bole, ppm TiO,, wt. %
Y-12/1 622-674 3,342 453,90 0,38-0,76
Y-200/1 591-625 2,2-41 330,40 0,20-0,54
Y-292/2 591-612 7,2-9,0 255,62 0,11-0,15

In amphiboles, a direct proportional dependence of TiO, and the sum of REEs was determined. The highest amount of REE is
454 ppm, with a TiO, content of 0.38-0.76 wt.% is observed in amphibole from plagioclasite without corundum (sample Y-12/1);
in the amphibole from the sample Y-200/1, the REE amount is 330 ppm and the TiO, content is 0.2-0.54 wt.%. The smallest
amount of REE among the studied amphiboles (256 ppm) and TiO, content of 0.11-0.15 wt.% is observed in amphibole from
corundum-bearing plagioclasite (sample Y-292/2).

The temperature of formation of amphibole plagioclasites was determined by Holland and Blundy amphibole-plagioclase
geothermometer [12], and the pressure by Schmidt amphibole geobarometer [13]. For amphibole plagioclasite (sample Y-12/1),
the calculated pressure was 3.3-4.2 kbar, temperature — 622-674 °C. The pressure for the amphibole plagioclasite Y-200/1 is 2.2—
4.1 kbar, the temperature is 591-625 °C. For corundum-bearing amphibole plagioclasite (sample Y-292/2) from the Tsentralnoye
deposit, the parameters are the following: T = 591-612 °C, P = 7,2-9,0 kbar (Table 3) [14].

Conclusion

The comparison of parameters and compositional characteristics of amphiboles allow us to assume a direct relationship be-
tween temperature, the sum of REE and TiO,, as well as the inverse correlation between pressure and total REE content. Accord-
ing to S. G. Skublov, with an increase in the temperature of metamorphism, the total REE concentration in amphiboles increases
[11], which is also reflected in our research results.

This work was prepared with the support of the Comprehensive Program of the Ural Branch of the Russian Academy of Sciences
(project No 18-5-5-32).
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PacnpeAeAeHre AQHTAHOMAOB B aM(PUOOAE U MAATMOKAA3E
M3 MAArMoKAa3uToB maccmea Pan-M3 (IoasipHbI Ypaa)

Anéna PomaHoBHa BOITJAHOBA"™
Hapexna BnagummposHa BAXPYLLUEBA'*"

"MIHCTUTYT reonorum n reoxumun um. akag. A. H. 3asapuukoro YpO PAH, Poccusi, EkatepuHbypr
2YpanbCkuii rocyaapCcTBEHHbIN FOPHbIA YHUBEpcUTeT, Poccus, ExkatepuHbypr

AKTYaALHOCTB. B HacTosiel paboTe NMpUBEAEHDI PE3YALTATH MAHEPAAOTO-TIETPOrPAPMHECKMX M FEOXMMUYECKMX UCCAEAOBAHUM MAATVIOKAA3UTOB, AOKAAU-
30BaHHbLIX CPEAU XPOMUTOHOCHLIX YALTpamachutos maccmea Paii-U3 (MoasipHbiil Ypan). TpocTpaHcTBeHHast MPUMyPOYEHHOCTL MAArMOKAA3UTOB K MECTOPO-
SKAEHUIO XPOMOBbIX PYA LIeHTpaAbHOMY (KOPYHACOAEPIKALIME MAATMOKAAZUTLI) M PyAOrposiBAeHHio KOro-3anaatomy IV (6€CKOpPYHAOBbIE MAAMVIOKAAZMTDI)
orpeAeAsieT HEOGXOAVMOCTb AETAALHOTO MCCAEAOBAHMSI MOPOA XKMABHOM CEPUM XPOMUTOHOCHBIX Pa3Pe30B.

LleAr pa6oTii. ViccheroBaHME MYHEPAAOTO-TIETPOrPAMHECKMX XAPAKTEPUCTUK, & TAKIKE FEOXMMUM AAHTAHOMAOB B MAArMOKAA3e 1 aMpnboAe U3 naarv-
OKAa3uToB Mmaccusa Paii-M3 (MoAspHbLIA Ypaa).

Pe3yarTatnl. [0 pesyAsTaTam MUKPO3OHAOBOTO aHaAM3a BLIAO YCTAHOBAEHO, YTO COCTaBLI aM(PMOOAQ B MAATMOKAA3UTAX 3AMETHO BapLUPYIOT, COOTBETCT-
Bysl [10 COBPEMEHHOM KAACCUPUKALIMM KAABLIMEBLIX aM(PMOOAOB MApracuTy, SAEHUTY, MarHE3MOrOPHOAEHAMTY U aKTMHOAMTY. B amchuboae ycraHoBAEHA
30HAALHOCTL ABYX TWMOB. 3epHa ammboAa C 30HAALHOCTLIO MEPBOTO TUMA XAPAKTEPUIYIOTCSI YBEAUMEHVMEM COAEPIKAHUI ALQ,, TiO,, FeO, Na,O or
LIeHTpa K rnepudepum 3epeH, C 30HaALHOCTLIO BTOPOTO TUMa — HAMPOTUB, CHUXKEHMEM STUX KOMIMOHEHTOB. [1AarnokAas rno XMmMmyeckomy CoCTaBy COOTBET-
CTBYET OAVITOKAA3Y AN, ... OTMEYEHO CHIKEHNE COAEDIKAHVISI AHOPTUTOBO MOAEKYABI OT LIEHTPA K KPalo 3epHa. V3yueHne xapaktepa pacrpeAeAeHmst
P35 B NOpoA0COGPA3yIOWMX MUHEPAAAX MO3BOAMAO YCTAHOBMTD, YTO TAQBHLIM MMHEPAAOM-KOHLIEHTPATOPOM AAHTAHOMAOB B MAArMOKAA3UTAX SIBASIETCSI
ammbBoA: cymmapHoe coaepykaHme P33 B MuHepaae coctasasier 250-450 r/T, TOrAa Kak B MAArMOKAA3€ KOHLEHTPUPYeTCs 16—18 r/T AaHTaHOMAOB. YcTa-
HOBAEHO, YTO MPUYMHOM CyLIECTBOBAHMSI ABYX TUIOB CMEKTPOB PACMPEAEAEHMS] AAHTAHOMAOB, BLISIBAEHHDLIX PaHee, SIBASIETCS] COOTHOWEHUE CyMMAapHOro
KOAMYECTBA aM(PUOOAA U MAATMOKAA3a B MOPOAE. [IPOBEAEHO CpaBHEHME PACTIPEAGAEHUs] PEAKO3EMEALHLIX SAEMEHTOB B KAALLMEBLIX ampmborax u3
MAArMOKAA3UTOB C pacripeaereHnem P33 B ampnboAax HIOPYHAYKAHCKOTO Mahmueckoro komraekca B CeBepo-3anaaHom INpubaiikaabe, MCCAEAOBAHMS
KOTOPbIX BbIMoAHEHDI C. . Cky6A0BLIM. C nomolibio ammBoA-TiAarMokaazoBoro reotepmomertpa (T. Holland, J. Blundy) 1 reo6apometpa (M. W. Schmidt)
GLIAM OMpeAEAEHbI MapameTphbl 06PA30BaHMst aMPMOOAOBDLIX MAATVOKAA3UTOB.

BuLIBOALIL. BLISIBAEH XapakTep pacrpeAeAeHmsl AAHTAHOMAOB B FAABHLIX MOPOAOOBPA3YIOWMX MUHEPAAAX — MAATMOKAA3e U ampuboae. CpaBHeHME napa-
MeTPOB 1 0cOBeHHOCTel cocTaBa aMchGOAOB MO3BOAVAO CAGAATDL BLIBOA O MPSIMOV 3aBUCMMOCTI MEXKAY Temriepatypoit, cymmoit P33 u TiO, B MuHepanre.

KaroueBrie caroBa: am(prbOA, NMAArMOKAA3, MAATMOKAA3UT, reoxumust P33, Paii-U3, TMoAspHbii Ypaa.
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