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Abstract
Relevance. When mapping the vast areas of the Precambrian polymetamorphic complexes in the North Yenisei Ridge,
there is a problem of metamorphism interpretation and phasing of geological development of a particular area along
with thrust tectonics. The solution of these issues is also of great importance for the purposes of areas delineation of
metamorphic rocks that are favorable for the detection of high-alumina (andalusite, kyanite, sillimanite) schists.
Purpose of the work: to substantiate and itemize some geological prospecting, mineralogical and petrological indicator
criteria for the development of high-alumina garnet-kyanite-staurolite blastomylonites of dislocation metamorphism
formed by andalusite-bearing rocks of regional metamorphism.
Researchmethodology: detailed mapping of structural-metamorphiczoning of dislocation (collisional) metamorphism
in the Mayakon key area with sampling of polymetamorphic rocks for petrographic studies of mineral parageneses.
Investigation of polished thin sections of polymetamorphic rocks by microprobe analysis with elucidation of minerals
zoning, their chemical composition, calculation of the P-T paths of metamorphism and determination of the absolute
age of blastomylonite formation based on the “’Ar/*Ar dating of biotite. Analysis and generalization of the results
obtained for the Mayakon area and their comparison with other key areas of the North Yenisei Ridge.
Results. At the Mayakon potential area, a progressive metamorphic zoning of kyanite-bearing blastomylonites
has been identified, and the transitional I, outer II, middle III, and inner zones are determined as the dislocation
metamorphism intensifies towards the Panimba thrust fault. Based on the compositions of garnets, biotite, and
plagioclase, the P-T paths of the early regional metamorphism of andalusite-sillimanite type and late local kyanite-
sillimanite type were calculated. A list of geological prospecting, petrological and isotope-geochronological criteria
for recognizing blastomylonites among rocks of regional metamorphism in thrust zones has been substantiated and
itemized.
Conclusions. Method of polymetamorphism reconstruction in the North Yenisei Ridge shows that tectonic inversion
conditions took place in the Neoproterozoic, in the late Tonian era (~850 Ma ago In terms of occurrences, they are
related to the final stage of the Grenville orogeny (1.1-0.85 Ga). The formation of blastomylonites of dislocation
(collisional) metamorphism by metapelites of regional metamorphism in thrust zones is accompanied by an increase
in the number of mineral phases and leads to a reduction in usable space of high-alumina andalusite schists.

Keywords: polymetamorphic complexes, AL SiO, polymorphs, blastomylonites, dislocation metamorphism, Mayakon,
North Yenisei Ridge.

Introduction

The Yenisei Ridge is one of the most geodynamically in-
teresting regions of Siberia. Its northern segment, the North
Yenisei Ridge (Priangarsko-Zaangarsky), is represented by
Precambrian sequences varying in age from the Paleoprotero-
zoic to the Vendian inclusive. The most important feature of
metamorphic complexes of the region is the wide development
of the ALSiO_polymorphs in the metapelites of the Teisky met-
amorphic complex and the heterogeneity of metamorphism in
terms of pressure. This heterogeneity is expressed in the de-
velopment of the regional metamorphism of two facies series:
andalusite-sillimanite (low pressures, LP/HT) and kyanite-sil-
limanite (moderate pressures MP/HT) [1]. The moderate pres-
sure metamorphism follows the low-pressure metamorphism
and occurs locally near thrusts, resulting in a progressive re-
placement of andalusite with kyanite and the formation of new
mineral assemblages and deformation structures [2]. Static

replacements of andalusite by kyanite (for example, the Maya-
kon exploration acreage at the dislocation (late) stage of meta-
morphism) are rare; they are of mineralogical and petrological
interest since the stationary continental geotherm usually does
not cross the andalusite-kyanite equilibrium line [3].

The Mayakon area was studied near ore occurrence of
high-aluminous schists of the same name located in the basins
of the Yeruda, Chirimba, and Panimba rivers. This is the first
of the key areas where the Early Mesoproterozoic (1350-1250
Ma) [4] sedimentary rocks of the Lower Riphean Kordinskaya
Formation were mapped and then studied in detail [5]; they
are subject to low- and moderate-pressure metamorphism
(Fig. 1). Two large black graphitic andalusite schists of irregu-
lar shape correlated with watersheds were mapped within the
boundaries of the area. Andalusite (chiastolite) in these schists
forms prismatic porphyroblasts ranging in size from 5 x 5 mm
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Figure 1. Schematic map of metamorphism between the Yeruda and Chirimba rivers (Mayakon area), North Yenisei Ridge [2, 8]. 1 —
granites of the Yerudinsky massif; 2 — undivided apogranite cataclasites and blastocataclasites; 3 — the Panimba thrust fault; the thrust direction
is shown with a filled triangle; 4 — And-Ky isograd (a) and boundaries between metapelite zones (b); 5 — metasiltstones and metacarbonates of
the Penchenga Formation; 6 — metapelites of the And-Sil-type metamorphism of the Kordinskaya Formation; 7 — metapelites zones of Ky-Sil-type

metamorphism; 8 — sampling sites.

PucyHok 1. CxemaTuyeckas kapta metamopdusma mexay pekamu Epyaa n Yupumba (MasikoHckun yyactok), CeBepo-EHncencknm Kpsik
[2, 8]. 1 — rpaHuTbl EpyanHckoro maccusa; 2 — anorpaHnTHbIe KaTaknasuTbel U bnactokaraknasuTbl HepacyneHeHHble; 3 — wos MaHumbunHckoro
HagBura ¢ 3ybuamu B HanpasneHun nagexus; 4 — And-Ky usorpaga (a) u rpaHuubl Mexay 3oHamy metanenuToB (6); 5 — meTaaBneponuTbl 1
MeTakapboHaTbl MEHYEHIMHCKON CBUTBI; 6 — permoHanbHo-meTamopgunaoBaHHble MeTanenuTel KOPANHCKON CBUTLI aHAANy3UT-CUINIMMaHUTOBOIO
Tuna metamopduama; 7 — 30Hbl METANENNTOB KMaHWUT-CUNITMMaHUTOBOTO TuMna metamopduama; 8 — Toukm otbopa obpasLos nopoa.

to 15 x 15 mm in diameter and up to 3-7 cm in elongation.
Metapelites here compose a NW-striking belt (zone) of poly-
metamorphism with a width of 2 to 7 km and a length of over
30 km, bounded from the east by the NW-striking Panimba
thrust fault; behind the thrust fault (to the northeast) there is
evidence of the developed Paleoproterozoic meta-carbonates
(marbles, skarnoids, metaaleurolites ) of the Penchenga For-
mation.

Characteristics of metamorphic zoning

In a direction transverse to the strike of the zone, the
structural-metamorphic zoning was identified: it is expressed
in the degree of structural and material transformation of
metapelites of the andalusite-sillimanite facies series repre-
sented by the following mineral associations: Qtz + Ms + Bt +
Grt + P1, Qtz + Ms + Bt + St, Ms + Chl + Bt + Cld + And + Qtz
+ IIm + Crd, and Qtz + Ms + Bt + And + Grph (hereinafter,
mineral abbreviations after [6]). The latter mineral association

is of great importance for understanding the development of
dynamometamorphic blastomylonites by the initial regional
metamorphic rocks, similar to the andalusite ores of the Pa-
nimba deposit (Fig. 2), located southwest of the Mayakon.

Three metamorphic zones of “superimposed” kyanite-sil-
limanite metamorphism and structural-compositional trans-
formation of andalusite-bearing rocks (from west to east),
differing in the ratio of relict and newly formed minerals and
the degree of rock deformation (Fig. 1): transitional I, outer II,
middle IIT and inner IV.

Transitional zone I (visible thickness does not exceed 20
m) from andalusite schists to kyanite-sillimanite blastomylon-
ites is characterized by destruction of metapelites with catacla-
sis of andalusite porphyroblasts. When they are crushed, bou-
dinage structures are formed, the gaps between porphyroclasts
are surrounded with pressure shadows of quartz. The main
granolepidoblastic matrix of schists is also subject to changes
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Figure 2. Chiastolite carbonaceous schists of the Kordinskaya Formation from the outer zone of regional low-pressure metamorphism
of the andalusite-sillimanite type. The porphyroblast texture (6 x 6 mm) is plan-parallel. The area of the Panimba andalusite deposit.
Teisky metamorphic complex. Panimba site. The left bank of the Panimba River is in the middle course. The sample on the right is
polished.

PucyHok 2. XuactonutoBble yrnepoaucTbie cnaHubl KOPAUHCKON CBUTbI M3 BHELLUHEN 30Hbl perMoHanbHOro MeTaMmopduaMa HU3KUX
[aBneHUn aHaanysuT-cunnumMmaHutToBoro Tuna. Tekctypa nopdupo6nactoB (6 x 6 mm) nnaH-napannenbHasn. PanoH MaHumMGuHckoro
MecTopoXAeHus aHpany3uTa. Teckui Metakomnnekc. Yyactok MaHum6uHckuit. IlleBbi 6eper p. aHMMGbI B cpeaHem TedyeHuun. O6pa-
3eL, cnpaBa NPUNONMPOBaHHbIN.

Figure 3. Syntectonic pseudomorphs of quartz-kyanite-muscovite-staurolite composition along chiastolite porphyroblasts (6 x 6 mm
to 15 x 15 mm) in graphite-muscovite-biotite schists of the Kordinskaya Formation as a result of overprint of dislocation (collisional)
metamorphism on low-pressure metapelites (fig. 1) in the area of the Panimba thrust fault. Teysky metacomplex. Mayakonsky site. The
middle zone. The sample on the right is polished.

PucyHok 3. CuHTeKTOHMYecKue nceBaoMopdo3bl KBapLi-KMaHUT-MYCKOBUT-CTaBPOJSIMTOBOrO cocTaBa Nno nopdupobnacram xmactonura
(6 x 6 mm go 15 x 15 Mm) B rpachnT-MyCKOBUT-OMOTUTOBbLIX CraHLiaX KOPAMHCKON CBUTLI Kak pe3ynbTaT HanoXeHus AUCIIOKaLMOHHOTO
(KonnM3MoHHOro) MeTaMmopdr3Ma Ha MeTanenuTbl HU3KUX AaBrneHun (puc. 1) B panoHe NMNaHMMOGUHCKoro HapBura. TecKkM MeTakoM-
nnekc. Yyactok MasikoHckui. CpeaHsia 3oHa. O6pasel, cnpaBa NPUNONMpPOBaHHbIN.

with the development of kink bands in biotite porphyroblasts.
The position of the western boundary of the transitional zone
I is hypothetic since the slope of Lambancha Mountain is cov-
ered with large-platy deluvial deposits.

Outer zone II is represented by the products of destruc-
tion of schists showing the early stage of recrystallization of
andalusite with pseudomorphic replacement of andalusite by
kyanite-muscovite-quartz aggregate. The prismatic shape of
crystals is preserved, the internal structure of the chiastolite
“cross” and the hourglass structure are preserved due to in-
clusions of carbonaceous matter. Crystals are often cataclased;

crystal fragments are surrounded by pressure shadows of finely
granular quartz oriented along the direction of deformation.
Visually, the replacement of andalusite with kyanite was not
previously identified; therefore, this very important fact of the
presence of the high-pressure polymorph has not been taken
into account for a long time. Under the microscope, kyanite
pseudomorph after andalusite is predominant over muscovite
(up to 1-3%). The thickness of the deformation zones does
not exceed the first tens of meters. Similar pseudomorphs of
kyanite after chiastolite andalusite are reported in the Lower
Proterozoic Keivy Formation [7].
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Table 1. Compositional parameters of minerals of metapelites of the Kordinskaya Formation Mayakon area (North Yenisei Ridge, [8, 12]).
Tabnuua 1. MapameTpbl cocTaBoB MUHepanoB metanenutos KopauHckon cButel MasikoHckoro yyactka (CeBepo-EHuceiickun kpsixk [8, 12]).

Grt Bt Ms PI
Sample num-
ber
XGrs XPrp XAIm XSps XAnn XPhI XMS XPI XAn
Ky-Sil type metapelites (inner zone)
34 0.109 0.138 0.740 0.013 0.361 0.499 0.766 0.138 0.334
34 core 0.059 0.153 0.766 0.022 0.420
32 0.113 0.126 0.743 0.019 0.368 0.449 0.798 0.090 0.389
33 0.042 0.074 0.831 0.052 0.503 0.300 0.769 0.850 0.122
74 0.043 0.077 0.833 0.047 0.505 0.269 0.795 0.207 0.121
74 core 0.025 0.074 0.830 0.071
Ky-Sil type metapelites (middle zone)
59 0.031 0.077 0.844 0.048 0.500 0.295 0.798 0.084 0.116
63 0.032 0.077 0.842 0.049 0.507 0.297 0.789 0.089 0.124
44 0.032 0.079 0.840 0.049 0.501 0.306 0.805 0.068 0.121
44 core 0.024 0.075 0.830 0.071
61 0.032 0.078 0.843 0.047 0.499 0.298 0.792 0.081 0.122
61 core 0.024 0.075 0.828 0.072
Ky-Sil type metapelites (outer zone)
55 0.025 0.077 0.850 0.047 0.503 0.292 0.788 0.086 0.119
47 0.024 0.077 0.851 0.048 0.504 0.300 0.679 0.232 0.121
51 0.025 0.075 0.848 0.051 0.506 0.295 0.734 0.165 0.119
And-Sil type metapelites
8 0.607 0.392 0.869 0.130 0.690 0.309 0.808 0.083 0.058
10 0.609 0.390 0.695 0.304 0.843 0.078 0.096

Note: the following formulas were used to calculate the mole fractions of components (in formula coefficients): X, = Fe/(Fe + Mg + Ca + Mn); Xprp= Mg/(Fe + Mg
+Ca+ Mn); X, = Cal(Fe + Mg + Ca + Mn); X, = Mn/(Fe + Mg + Ca + Mn); X, = Fe/(Fe + Mg + Mn + Ti + Al); X, = Mg/(Fe + Mg + Mn + Ti + Al); X, = (X, )(X,")% X,
= (X)X, )% X, = Cal(Ca + Na + K). Compositions of the central parts of zonal minerals are designated as cores, the rest of compositions characterize the grain rims.

Middle III and inner zones IV (total thickness of about 5
km) adjacent to the Panimba thrust fault differ markedly from
the previous ones by thick structural and material transforma-
tion of andalusite metapelites with the formation of new high-P
mineral assemblages. Shiny light lenticular-nodular crystalline
schists represent metapelites with well-defined crystallization
schistosity at the expense of muscovite of the main tissue. Ty-
pomorphic mineral associations of tectonites are represented
by - Qtz + Ms + Grt + St + Ky + Chl, Qtz + Ms + Grt + St +
Ky, Qtz + Ms + Grt + St + Ky + Pl + Ilm, Qtz + Ms + Bt + Grt
+ St + Ky £ Grph, near to the thrust fault - Qtz + Ms + Grt +
St + Ky + Sil. As a result of increasing deformations, pseudo-
morphs (Ky + Ms + Qtz £ And) are transformed into lenses
oriented with a long axis along the foliation. They are com-
posed of an aggregate of the predominant sheaf-like kyanite in
paragenesis with quartz, muscovite, and staurolite (Fig. 3); in
rare cases, andalusite relics are noted. Submicroscopic stauro-
lite crystals in paragenesis with garnet are observed around Ky
+ Ms + Qtz + And pseudomorphoses embedded in the lepido-
granoblastic matrix. Garnet from these tectonites, in contrast
to well-formed rhombododecahedrons from metapelites of
regional metamorphism outside of dislocation zones, has the
form of flattened disc-shaped single and “chains” of porphy-
roblasts with a zonal structure (Table 1) surrounded by mica-
ceous (muscovite + biotite) “rim”. The deformation of garnet

crystals indicates the influence of stress during their growth.
The appearance of fibrolite near the Panimba thrust fault indi-
cates the increase in temperature during ductile deformation.
In addition, this is also indicated by lenticular-nodular texture
of tectonites and veins of granular quartz (a few meters thick)
noted above, which lie in a deformation band in accordance
with the strike of the thrust fault.

Thus, the conducted studies allow us to conclude that re-
gionally metamorphosed andalusite metapelites in the May-
akon area were subjected to dislocation metamorphism and
ductile-brittle deformation according to the scheme: catacla-
sites > blastocataclasites > blastomylonites upon approaching
the Panimba thrust fault. However, according to mineralogical
analysis, valuable concentrations of andalusite in zone I that
reach a value of about 15% (Mayakon ore occurrence) are par-
tially or completely depleted by dislocation metamorphism
processes in the middle and inner zones, where its content is
small or absent. At the same time, the content of kyanite in
these zones does not exceed 3.5% (almost twofold) which is
explained by the formation of new aluminosilicates (staurolite,
garnet, mica, plagioclase) (Tables 1, 2).

Metamorphic P-T-paths

The results of geothermobarometry (Table 2) indicate a
gradual increase in pressure upon approaching the Panimba
thrust fault (Fig. 1): From 3.5-4 kbar in metapelites of regional
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Table 2. P-T-paths estimates of metapelites of the Kordinskaya Formation, Mayakon area [8, 12].
Ta6nuua 2. OueHkun PT-ycnoBun metanenutoB KopanHckon cBuThl. Yyactok MasikoHckum [8, 12].
Sample T,°C P, kbar
umber ) (10 ® @ @ () @ (1314 | (1) (12 (5) ®) (13, 14)
And-Sil type metapelites
8 - 542 549 551 3.9+0.1 3.7+0.2
10 562 553122 3.7 3.6 3.310.7
Ky-Sil-type metapelites (outer zone)
47 538 560 561 568 4.63 4.54
51 537 561 559 573 4.83 4.66
55 547 562 566 570 572413 5.05 4.85 4.610.2
Ky-Sil-type metapelites (middle zone)
63 552 567 566 582 568+18 5.65 5.73 4.8+1.0
61 580 578 577 604 57114 5.80 5.73 5.240.3
44 578 577 596 601 5.90 5.77
59 549 565 568 580 567+16 5.75 5.92 4.6+0.9
Ky-Sil-type metapelites (inner zone)
33 544 564 569 572 6.22 6.20
32 550 567 570 6.30 6.29
34 540 573 570 632+40 6.38 6.42 7.6£1.2
74 563 572 570 589 572+16 6.68 6.70 5.4+0.9

Note: the numbers of geothermobarometers in brackets correspond to the numbers of geothermobarometers in the literature cited [2, 5]). The sample numbers

correspond to those in Fig. 1.

metamorphism, 4.5-5 kbar - in the outer zone, up to 5.5-6
kbar - in the middle zone, and up to 6.2-6.7 kbar - in the
inner zone near the thrust fault without significant increase
in temperature (550°C to 580°C). The calculated P-T evolu-
tionary trends confirm a gradual increase in pressure in the
metapelites of the Kordinskaya Formation upon approaching
the thrust fault by a value from 1 to 2.2 kbar without a signifi-
cant increase in temperature (no more than 20 + 15 °C), which
may indicate an almost isothermal subsidence of the rock mass
at very low geothermal gradient - no more than 5-7 °C/km.
The increase in pressure towards the Panimba thrust fault is
associated with tectonic movements of the western vergence
from the Siberian Craton about 850 Ma ago, based on biotite
“Ar/*Ar dating [8].

Thus, in the study area, low-pressure metapelites, repre-
sented by the Ms + Chl + Bt + Cld + And + Qtz + Ilm + Crd
general mineral association, were formed under the conditions
of the epidote-amphibolite facies. The rocks of moderate pres-
sure characterized by the Ms + Chl + Bt + Qtz + Ky + St +
Grt + Ilm + Pl association with andalusite relics and the rare
presence of sillimanite (fibrolite) metamorphosed under con-
ditions of kyanite schists [9, 10].

To explain the observed metamorphic evolution, a tecton-
ic model was proposed [5, 11] and the necessary thermophys-
ical calculations were made taking into account the real phys-
ical parameters of metapelites and metacarbonates, namely,
radioactive heat release and thermal conductivity coefficients.
The gradual increase in pressure was justified by tectonic
thickening of the Earth’s crust in the Panimba thrust fault zone,
as a result of which the metapelites of the Kordinskaya For-
mation were overlapped by metacarbonates of the Pechenga

Formation with 5-7 km thickness. The absence of a noticeable
increase in temperature with thrust fault is explained by pecu-
liarities of the behaviour of stationary geotherms for various
types of rocks with contrasting heat-generating and thermo-
physical properties [5].

Geological and mineralogical-petrological indicators
and criteria of dislocation metamorphism

In the North Yenisei Ridge, the typification of the Teisky
tectonometamorphic complex is based on geothermal gradient
(dT/dH °C/km), which shows the change in the temperature
values of regional metamorphism of the andalusite-sillimanite
type with depth (dT/dH from 20-30 °C/km) and collisional
kyanite-sillimanite (dT/dH from 2.5 to 12°C/km) - laterally [12].

The comprehensive studies carried out at the Mayakon key
area were later confirmed at the Teya, Chapa and Garyovsky
Polkan sites within the Ishimba-Tatar regional shear zone in
the Central uplift [13, 14]. The results obtained make it pos-
sible to distinguish for the North Yenisei Ridge the following
geological criteria and indicator petrological signs of dislo-
cation (collisional) metamorphism of the kyanite-sillimanite
type when it is superimposed on regionally metamorphosed
low-pressure rocks [16] of the andalusite-sillimanite type: a)
changing in textural-structural features of rocks, the miner-
al composition of blastomylonites with identification of the
outer, middle (central, intermediate), and inner zones based
on the increase in the degree of intensity of dislocation meta-
morphism towards to the thrust zones; b) zonal asymmetry
of thrust-bounded blastomylonite zones, in contrast to zonal
complexes of regional metamorphism of symmetric structure;
¢) local manifestation of zones of ductile-brittle deformation
and the formation of blastomylonites (up to 5-7 km in thick-
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ness) spatially and genetically related to regional faults; d) mi-
crostructural features of blastomylonites, typical of the “shear-
zone” (boudinage and discontinuity of minerals, their defor-
mation, pressure shadows of recrystallized quartz, replacement
of andalusite by an aggregate of kyanite, muscovite, quartz and
staurolite (pseudomorphs) and lenticular outlines of pseudo-
morphs, “S”-shaped and “snowball” garnets structures, “kink-
band” structure of biotite, etc.); e) an increase in the basicity of
plagioclase and an increase in the grossular component at the
rims of garnets towards the thrust faults; f) low geothermal gra-
dient (dT/dH from 2.5 to 12 °C/km), indicating an almost iso-
thermal metamorphism of rocks with an increase in pressure
towards thrusts; g) the P-T paths of formation of blastomylon-
ites of the middle and inner zones of dislocations correspond to
kyanite-staurolite subfacies of the high-pressure kyanite schist
facies [10] with local increase in temperature (development of
fibrolite (sillimanite)); h) dislocation (collisional) metamor-

I1. C. Kosaoe / Ussecmus YITY. 2021. Bun. 1(61). C. 25-32

phism is caused by dislocations (thrusts) of crystalline blocks
of western and eastern vergence; i) discreteness and discrepan-
cy in the time of formation of late blastomylonites of moderate
pressure superimposed on low-pressure metamorphic rocks of
regional metamorphism [2, 5, 8, 12].

Conclusions

Geological, mineralogical, petrological and isotope-geo-
chronological results of the polymetamorphism study in the
Mayakon site and other parts of the North Yenisei Ridge in-
dicate that the region was subjected to an inversion of the
tectonic conditions from low- to moderate pressures in the
Neoproterozoic, in the late Tonian (~850 Ma ago). In terms
of occurrences, they are related to the final stage of the Gren-
ville orogeny [15]. Kyanite blastomylonite zones in the thrust
zones are accompanied by an increase in the number of min-
eral phases, which leads to a reduction in usable space of the
high-alumina andalusite schists.

This work was carried out within the state assignment of the Zavaritsky Institute of Geology and Geochemistry of the Ural Branch
of the Russian Academy of Sciences (theme no. AAAA-A18-118052590032-6).
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O B3aMmooTHouweHun noanmopcpos Al SIO,

npu obpasoBaHnn 6aactommaoHnToB (CeBepo-EHMcenckmin Kpsik)
Naeen Cepreesuy KO3NOB'

NHCTUTYT reonorum n reoxmmmn um. akag. A. H. 3asapuukoro YpO PAH, EkatepuH6bypr, Poccus

AHHOTaLwsI
Axmyanvrocmy. [Tpy KapTvpoBaHNM OOLIVMPHBIX IUIOIA el JOKeMOPHIICKMX NOMTMMeTaMOPPUIecKIX KOMIIEKCOB
B CeBepo-EHMmcellckoM KpsiKe CyLecTByeT pobieMa pacumdpoBKy MeTaMopdu3Ma 1 STAITHOCTY Te0/IOTMYeCKOTO
PasBUTHUA TOTO W/IM MHOTO YYacTKa C HAJIBUTOBOJ TeKTOHMKOIL. PellleH1e 3TMX BOIPOCOB MMeEET TaKXe BaKHOe
TIOJMICKOBOE 3Ha4eHMe /I pa3OpaKOBKM ¥ OKOHTYPUBaHMA IUIOLIAZiell MeTaMopduiecKkux Iopof, 6/1aronpuATHBIX
Ha 0OHapy>keHle BBICOKOITIMHO3EMICTBIX (aHIa/MTy3UT-, KUAHNUT-, CJUIMMaHUTOBBIX) CTaHIIEB.
Llenv pabomvi: 060CHOBATb U COCTABUTD II€PEYEHDb Ie0/IOr0-MOVICKOBBIX, MUHEPATOIMYECKMX U TIeTPOIOTMYECKIX
VIHAVMKATOPHBIX KPUTEPVEB PAa3BUTHA BBICOKOITIMHO3EMMCTBIX TPAaHAT-KMAHUT-CTABPOINTOBBIX 6/1aCTOMIIOHNTOB
AVICTIOKALMOHHOTO MeTaMopdu3Ma, 00pasyoIuxca IO aHAATY3UTCOAEP)KAIIMM IOPOfilaM pPErMOHaTbHOTO
MeTaMopdu3sMa.
Memooonozus uccnedo6anus: [eTaTbHOE KapTUPOBAaHUE CTPYKTYPHO-METaMOP(UYECKOil 30HAIbHOCTH
AVICTIOKALMOHHOTO (KOJ/UIM3MOHHOTO) MeTaMopduaMa Ha MasKOHCKOM OIOPHOM y4acTKe ¢ 0TOOpOM 00paslLioB 1
CKOJIKOB IO/IMMETaMOpOUYECKX IOPOJ JIA IeTporpapuyecknx MCCIefOBaHUII MUHEPa/IbHBIX IapareHe3MCoB;
VICCTIefiOBaHMe MTONMVMPOBAHHBIX IIINM(OB IOMMMeTaMOP(UIeCKMX IIOPOJ, ¢ TOMOIIBI0 MMKPO30H/JOBOIO aHAIM30Ma
C BbIACHEHMEM 30HATbHOCTV MIHEpA/NOB, MX XMMMYECKOro cocraBa, pacyeT PT-ycmoBuit meramopdusma n
yCTaHOBJIEHUE aOCOMIOTHOTO BO3pacTa 06pa3oBaHMs 6/1aCTOMIIOHNUTOB 10 6noTuty “’Ar/*? Ar MmeTogoM; aHaMN3 U
06006111eH1e TOTyYeHHbIX Pe3y/IbTaToB 110 MasKOHCKOMY YYacTKY M MIX COIIOCTaBJ/IeHNe C Pe3y/IbTaTaMy Ha IPYTUX
onopHbIX yyacTkax CeBepo-EHmceiickoro kpsoxa.
Pesynomamuot. Ha MasKOHCKOM IIOMICKOBOM y4aCTKe YCTaHOBJIEHA IIPOrpecCUBHasA MeTaMOpdIiecKast 30HaTbHOCTD
KMAHUTCOIEP>KAIUX O/IaCTOMMIOHUTOB M BbIJIe/IeHbl II€PeXOfjHasA, BHEIIHAA, CPeNHASA U BHYTPEHHAA 30HBI IO
Mepe YCUIeHN AMCIOKalMOHHOTO MeTaMopduaMa B HampasieHnu kK ITanumbuackomy Hagsury. Ha ocHoBanum
COCTaBOB I'PaHATOB, OMOTNTA U IIArMOK/Ia3a paccunTanbl PT-mapaMeTpsl paHHEro pernoHanbHOTO MeTaMopdusma
aHJATy3UT-CU/UIMMAHUTOBOTO U IIO3/IHETO IOKa/IbHOTO KMAHUT-CY/UIIMaHUTOBOTrO TUIIOB. OGOCHOBAaH 1 COCTaBJ/IeH
TIIepedeHb Ie0/IOr0-MOMCKOBBIX, METPOTOINYECKMX U M30TOITHO-TeOXPOHONOTMYECKX KPUTepyeB paclo3HaBaHUA
6/1aCTOMMIOHUTOB Cpefiy TIOPOJ, PETYIOHATIbHOTO MeTaMop(13Ma B 30HaX Ha/[BUTOB.
Bwi600vt. PexoHcTpykuna nommMmeramopdusma B CeBepo-EHMcelickoM KpsKe CBUAETENBCTBYET O TOM, YTO B
HeOoIIpoTepo30e, B 1O3gHeM TOHUM (~850 M/IH JIeT Ha3aj) B peruoHe NPOVICXOAM/IA MHBEPCUA TeKTOHMYECKOTO
peXyMa ¢ HU3KUX JaBlIeHMiI Ha YMepeHHO O6apuyeckiue, O BPeMeHM IIPOSABIEHMA CBA3aHHbIE C 3aBeplLIAIOIIel
cTajueil rpeHBUIbCKOI oporenyn (1,1- 0,85 mnpp ner). O6pasoBaHye 61aCTOMMIOHUTOB AMCTIOKALMIOHHOTO
(KONMMM3MOHHOrO) MeTaMopdu3Ma II0 MeTalleINTaM pPerMOHaTbHOIO MeTaMopduaMa B 30HaX HaJBUIOB
COIIPOBOX/JA€TCA YBeMMYeHIEeM KOMMYeCTBA MUHEPaIbHBIX (a3 ¥ IPUBOANT K COKPAIEHNIO TTOJIe3HBIX TUIOIa et
Pa3BUTHUA aHJATY3UTOBBIX BBICOKOITIMHO3EMICTBIX CTTAaHIIEB.

Kniouesvie cnosa: nonnmeramopduyeckie KOMIeKCchl, nomnmopdpt Al SiO,, 61acTOMUTOHUTDI, IUCTOKAIMOHHbII
MeTaMopdu3M, MaskoHCKuI y4acToK, CeBepo- EHucericknmit Kpsox.

Paboma svinonnena 6 pamrax 2ocyoapcmeerrozo 3adanus MIT YpO PAH, Ne zoc. pecucmpayuu AAAA-A18-118052590032-6.

JIMTEPATYPA
1. Koanos IN. C., llenesuH I". I". MNeTponorus, neTpoxmmust u metamopduam nopog 3aaHrapbsi EHucerickoro kpsbka // Feonorus u reogumsmnka. 1995.
T. 36, Ne 5. C. 3-22.
2. NuxaHos W. N., MonsHckmn O. M., Koanos IN. C., PesepaatTo B. B., BepwunnuH A. E., Kpebec M., Memmu U. 3amelueHve aHganysuta KuaHuTom
npv pocTe AaBreHusi 1 HA3KOM reoTepMmUYeCKOM rpagueHTe B MeTanenutax EHncenckoro kpsika // OJAH. 2000. T. 375, Ne 4. C. 509-513.
3. Kerrick D. M. The Al,SiO, polymorphs // Mineralogical Society of America. Reviews in Mineralogy. 1990. Vol. 22. 406 p.
4. NuxaHos W. W., Peeepaatto B. B. P-T—t aBontounsi meTamopdmama B 3aaHrapbe EHMCENCKOro kpska: NeTponornyeckne n reoamHammyeckme
cnepncteus // Teonorus n reogumsmka. 2014. T. 55, Ne 3. C. 85-16.
5. JluxarnoB W. W., Monsinckmin O. M., Peeepgatto B. B., Ko3nos . C., BepwuHuH A. E., Kpebc M., Memmun . MeTtamopdumyeckas aBonounsi
BbICOKOITIMHO3EMUCTbIX MeTanenuToB BOnusu lMaHumbuHckoro Hagsura (EHMUCENCKUMIA KPsK): MUHepanbHble accouvauuun, PT-napameTtpbl 1
TekToHn4eckasi mogens // Feonorus u reocpuanka. 2001. T. 42, Ne 8. C. 1205-1220.

P<geoeco2012@yandex.ru

P.S. Kozlov. On the relationships between the ALSiO, polymorphs during formation of blastomylonites (North Yenisei Ridge)// 31
M3BecTus YITY. 2021. Boin. 1(61). C. 25-32. DOI10.21440/2307-2091-2021-1-25-32



HAYKU O 3EMAE I1. C. Kosaoe / Ussecmus YITY. 2021. Bun. 1(61). C. 25-32

6. Whitney D. L., Evans B. W. Abbreviations for names of rocks-forming minerals // American Mineralogist. 2010. Vol. 95, Ne 1. P. 185-187. https://
doi.org/10.2138/am.2010.3371

7. BenbkoB U. B. KnanutoBble cnaHubl cButhl Kerie. M.; J1., 1963. 136 c.

8. IluxaHos N. L., Koanog IN. C., Monaxckui O. M., MNMonos H. B., PesepgatTo B. B., TpasuH A. B., BepwunHuH A. E. HeonpoTeposowickuii Bo3pacT
KONnu3noHHoro metamopduama B 3aaHrapbe EHucerickoro kpsixka (no “°Ar/°Ar panHbiv) // OAH. 2007. T. 413, Ne 6. C. 234-237. https://doi.
org/10.1134/S1028334X07020225

9. NluxanoB U. . MeTamopduyeckme MHAMKATOPbl reoAuHaMUYecknx ob6CTaHOBOK KOMMU3NKN, PaCTSXKEHWUSA U CABUIOBbLIX 30H 3€MHOW Kopbl //
Metponorus. 2020. T. 28. Ne 1. C. 4-22. https://doi.org/10.31857/S0869590320010045

10. Hoxkur A. [., TypkuHa O. M., bobpos B. A. PagnoakTvBHble 1 pedko3eMerbHble aNeMeHTbl B MeTanenuTax Kak MHAUKaTopbl cocTaBa 1
3BOMOLMN OKEMOPUCKON KOHTUHEHTANbHOW KOpbI 0ro-3anagHon okpauHsl Cubnpckoro kpatoHa // Qokn. PAH. 2003. T. 390, Ne 6. C. 813-817.
11. PeseppatTo B. B., lluxarnos W. W., Monsaxckun O. M. n ap. Npupoaa n mogenn metamopdusma. Hosocnbupck: Msa-so CO PAH, 2017. 331 c.
12. INluxaHoB W. ., Peseppatto B. B., Koanos . C., MNonos H. B. KonnuanoHHbI MeTamMopduram SOKEMOPUACKNX KOMMIEKCOB B 3aaHrapckom
YyacTtu Enuncerickoro kpspka // MNetponorusa. 2008. T. 16, Ne 2. C. 148—-173.

13. Iluxarnos WN. U., PeeeppatTo B. B., Kosnos I1. C., BepwuHuH A. E. Teickuii nonumetamopduyecknii komnrekc B 3aaHrapbe EHucerickoro
Kpshka — MpyMep COBMELLEHHOW 30HanbHOCTU daumanbHbIX CEPUN HU3KMX U yMepeHHbIx Aasnienuii // JAH. 2011a. T. 436, Ne 4. C. 509-514.

14. NluxaHos N. N., PeseppatTo B. B., Kosnogs IN. C. KonnuanoHHble meTamopduryeckune KoMmnnekebl EHMCenckoro kpspka: 0cobeHHOCTY 3BOMNIOLMK,
BO3pacTHble pybexu n ckopocTb akcrymauum // Ffeonorus n lNeodumsnka. 20116. T. 52, Ne 10. C. 1593—-1611.

15. JluxarnoB W. U., HoxkuH A. ., PeBepgatTto B. B., Ko3nos IN. C. [peHBUNbCKME TEKTOHMYECKNE COBbITUA 1 9BONOLMSA EHMcencKoro kpsixka,
3anapHasi okpavHa Cubupckoro kpatoHa // leotekToHuka. 2014. Ne 5. C. 32-53.

16. Pauyun pernoHanbHOro meTamopguama ymepeHHbIX Aasnenuin / noa pea. akaa. B. C. Cobonesa). M.: Hegpa, 1972. 288 c.

17. ®auum pernoHanbHOro MeTamopduamMa BbICOKUX AaBneHut / nog pen. akag. B. C. Cobonesa). M.: Hegpa, 1974. 328 c.

Cmamabsi nocmynuna e pedakyutro 8 dekabpsi 2020 eoda

32 P.S. Kozlov. On the relationships between the ALSiO, polymorphs during formation of blastomylonites (North Yenisei Ridge)//
M3BecTus YITY. 2021. Boin. 1(61). C. 25-32. DOI10.21440/2307-2091-2021-1-25-32



